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Àppendix À

DETAILED INFORI"IÀTION ON THE COMPONENTS USED ÏN
THE EXPERIMENTAL FÀCILITY

This appendix gives details of the apparatus and the

measuring equipment, including that for measuring the

fluid properties. Some of these components, like

thermocouples and the heat-transfer test section, were

calibrated only once (93) before installing in Lhe facility.

Others, like the electrical-povter-measuring meters, fluid

flow meters, temperature-measuring instruments, v¡ere

calibrated from time to time during the course of Èhe

present investigation. Most of the material presented in

this appendix l¡as taken from References (93r1) and is given

here for the sake of completeness.

Table À.1 lists the manufacturer, model

the equipment used. The numbers appearing

item number) correspond with the circled
(3.2 to 3.9) .

number, etc., of

in the table (ttre

numbers in Figs.

1
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TABLE A.1

rnformation on the components of the Experimental Facirity

Part No.

in Figs.
3.2 to 3 9

Na¡ne

of the
Comoonent

Remarks

Stain Ie s s
steel
strainer

Porosint
bronze
tube

XING CHAMBER

I

2

3.0 in. dia., L/32 in. perforated
stainless steel type 304 Sarco
strainer; Sarco Canada Limited,
Agincourt, Ontario, Canada.
0.460 in. I.D. x 0.740 in.O.D. x
8.0 in. grade E; Sintered Products
Lirnited, Sutton-in-Ashfield, l{otts,
England, U.K.

Heated
test Eube

Bus bars
Supporting
bar

Guard
heater
tube
Ileat ing
elements

I

HEATED TEST SECTION

3

4

5

6

7

Stainless steel type 304; 0.460 in.
I.D. x 0.020 in. thick; Atlas
Alloys, L = 2 f.t.; Atlas Steels
Limited, l.'Ielland, Ontario , Canada.
Brass, 6.75 x 3.0 x 0.94 in.
1.0 x 1.0 in Permali insulating
material; Permali (Canada) Limited,
Toronto, Ontario, Canada.
1.5 in. I. D. x 0.0625 in. thick
split copper tube retained by
Perrnali rings.
Two Briskeat silicone rubber
embedded heating tapes (0.5 in.
wide x I ft. & 0.5 in. x 10 fr.)
Briscoe Manufacturing Co.,
Columbus, Ohio, U.S.A.

I
OBSERVATTON SECTION

8 Visual
section

3.0in.xIft.
gular prism with
ion-bored hole.

ast acrylic
0.460 in.

3.0 x
rectan
pre cis

c
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Part No. Name of the
Component Remarks

l0

11

L2

9

ERATURE MEASTIRING TNSTRI]MENTS

Digi tal
voltmeter

Strip
recorder

Data
logger

Voltage
standard

Keithley 191 digital multimeter,
model 191, 5-1-/2 digit, 0.00057.
resolution, accuracy 0.0077"
+ 3 digits; Keithley Instruments,
Inc. , Cleveland, Ohio, U. S .4.

Honeywell Two-Pen Electronik I04
Multi-Range Lab/Test I^lide Chart
Recorder, rnodel no. 1041L2-002-
Q02 ; specified accuracy: sDan:
a.0.25"/" of span or l microvolt,
whichever iè greater; zero positi
+ (0.25 * 0.1 x suppresion ratio)%
õf span or I microvolt,whichever is
greater; HoneyweII Controls Ltd.,
Scarborough, Ontario, Canada.

Fluke Data Logger model- 2240A, 60
channel capacity (could be
extended up to 1000 channels),
scanning speed up to 15 channel/
sec., accuracy * 2uv Program-
mable, ecuipped-with a digital
display and printer, disolays and
prinËs date, time (hour, min. ,

Fec.), channel no. , reading (mV or
"c) and units ; John Fluke Mfg. co
Inc. , Mountlake Terrace, hlashing-
ton,98043.
Fluke DC Voltage Standard-
Differential Voltmeter - (mode1
3354); John Fluke Mfg. Co., Tnc.,
Seattle , trrlashington, U. S .4.
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ParE I'lo. Name of the
Component Remarks

13

14

I5

Ice bath

Selector
switch

Constant
temperature
bath

Ornega lce Point CelI, a corqÞIetely
automatized ice bath (Model TRC
III); OMEGA Engineering Inc. ,
Stanford, Conn. , U. S.4. Accuracy:
0.0 to 0.1 C. Srability t 0.04 C

for any constant ambient.

Thermo-Electric Selector Switch; 96
points , 48 switches, custom key
palladium contact swicches, model
No. 33212. Double pole, double
throw, center OFF type.

Gebruder Haake Model FS/FT ConstanE
Ternoeraturç Bath; specified accura-
cy: t 0.02"C; Gebruder Haake,
Karlsruhe, InI. German¡r.

UID FLOI^I LOOP

L7 Flov'meters

LI
I6 Purnp Irlaukesha Positive Displacement

Pu¡np, Model No. 25 D0-1 I/2. All
nickel -bronze construction (I^lauk-
esha MetaI). Complete assembly
supplied with a 5 ho (220 volt,DP)
motor and a V-belt drive. Max.
flor¿ =24 USGPM (water); nrax. pres-
surR =150 psi and max. ternp. =
225"F. Buna-l,I seals; Itlaukesha
Foundry Company, I.laukesha, I^liscon-
sin, U. S.A.

Fischer & Porter Indicating Tyile
Flowrator (variable area flowneter
"Rotameters") , model no. 10435374,
316 stainless steel float (Z
GUSVT-40),tube: FP : Il2-2I-G-
10/83, percent scale. Flor¡rate:
Max. = 0.328 USGPM 1íquid sn. gr.: 1.0.
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Part llo l.lame of the
Component Remarks

ModeI No. 10435374, 2l-6 stainless
steel f loat (3/4. 27 -c-L] / 83) , "L

scale, flowrate: max.=3.55 USGPM
liquid sp .gr. - l. 0.

Model llo. 10435374, 316 stainless
steel floac (2-GSVGT-98). Tube:
FP-2-27-G-10l83, % scale, flowrate:
max.:30 USGPM liquid sp .gr . 1. 0.

Model No. 1043537P, 316 stainless
steel float (NSW-622) . Tube: PP-
1-60-P 8/83, "A scale, f l-owrate:
max.=20 IISGPM liquid sp.gr.=1.0.
(Used for controlling the cooling
vrater rate in the heat exchanger.)
AIl flow rares were calibrated in
laboratory for water for the pre-
sent investigation; Fischer and
Porter (Canada) Ltd. , Dor,'rnsview,
Ontario.

Three Rosemount Differential Pres-
sure Transmitters with ranges 0.0-
30.0,0.0-100.0 and 0.0-750.0 in. of
vrater, solid state with up to 600"/"
elevation or 500% suppresion and
adjustable damping. Output: 4-20
mADC; stability: !0.2% of uoper
range limit; lineãrity: 10.17. of
calibrated range ; accuracy : +0.2"L
of calibrated span; Rosemounf Inc.,
Minneapolis, Minn. , U. S.A.

One Rosemount Gauge Pressure Trans-
mitter. Range 0.0-100.0 psig. Ac-
curacy, 10.25"/" of calibrated span;
includes-combined effects of line-
arity, hysteresis and repeatabilit
Other features are the same as in
18.

L7

18

L9

c

D

B

continued

transmitter

ifferent ial
ressure
ransmitters

auge
res sure
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Part No. Name of the
Component Remarks

20

2L

22

Liquid
s torage
tank

I{eat
exchanger

Gas - Iiquid
seParator
Ëank

POI4TER SIJPPLY CIRCUIT

23 Variac

24 Transformer

25 Current
transformer

26 Arrne t er

27 Vol tmeter

I L/2 x 1.0 fc. stainless steel
tank with 3 in. outlet in the
cover plate and I l/2 in. drain;
Greensteel Industries Ltd.,
I,linnipeg , Mani toba , Canada.

L L/2 x 3 ft. stainless steel tank
with 3 holes in the cover plate
(: in. diameter). L L/2 Ln drain
and a side mounted L/2 in. I.D.
glass lever indicator; Greensteel
Industries Ltd.

Liquid-to-Iiquid shell and tube
type exchanger. All copper 0.625
in. I.D. tubes by 4 ft. long shell
diameter 2 ft; Automedic Instru-
ments Ltd., I,Iinnipeg, Manitoba,
Canada.

Porverstat variable auto-transforme
mqdel No. P1156-4PS. Single-phase,
240 volt-I00 amps-24 kvA; American
Superior Electric Cornpany, U. S. A.

Single-phase Dry Tyoe Distribution
Transformer. Open-ventilated,
class-F. Primary: 240 volt-100 amp
secondary: 1200 amps . Pioneer
Electric Manitoba Ltd., I^Iinnipeg,
Manitoba, Canada.

I^Ieston ModeL 327, Type 2. Primary:
100 amps, secondary: 5 amps.
l.leston Electrical instrumànË Corp. ,

Newark, N.J., U.S.A. Calibrated in
the laboratory (Reference 93).

I^Ieston A.C. Armneter, ModeI 433
(25-500 cycles). Range 5/2.5/L
amp. Calibrated in the laboratory
(Reference 93).

Inle s ton
Range:
volts.
tor

A
0

Re

. C. R.M. S. Voltmeters.
to l0 volts and 0 to 30

Calibrated in the Iabora-
ference 93).
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Part llo. lùame of the
Component Remarks

28

29

30

Potential
transformer

l,Iattmeter

Temperature
controller

PHOTOGRAPHIC SECTION

3I Camera

32 Camera

JJ Strobotac

34 Flash unit

l.leston Potential Transformer, mode
3Il, Type 1. 2300/ 1150: 115V,15V4,
25-L33 CPS. Calibrated in the lab-
oratory(Reference 93 ) .

Weston Portable l.Iattrneter, model
432. 5 amp capacity. Voltage
range: 75/ 150/300 v. Calibrated in
the laboratory.

Honeywell Servotronik Temp
Controller, model No. 5500
02

erature
10 1-2 -0
:0-200 3e T-co le. Ran e

Pentax Spotmatic Single Lens Reflex
Camera equipped with Super-Takumar
50rmn f./4 þIacro (close up) lens.

Nikon Protomatic FTN equipped with
Nikkor-S lens, 50rmn f /L.4 lens.

General Radio Type 1538-A Strobotac
Electronic Stroboscope. Flashing-
raLe range: 110 to 150,000 flashes
per minute, flash duration: 0.5 to
3 rrs; General Radio Company, Vlest
Concord, Mass., U.S.A.

EG6.G 549 Microflash System consist-
ing of the model 549-Il Flash Unit
and the modeL 549-2L Driver Unit.
Flash dpration 0.5 ps; peak light:
50 x I0" beam candle power. Edger-
ton, Germeshausen & Grier,'Inc. ,

Boston Mass., U.S.A
ATR FLOW LOOP

35 Compres sor 7 x 7 in. double acting, single
cylinder, type ES-t and serial no.
L4¿çI5; 1.375 in. diameter of pis-
ton rod; dual control; vrater
cooled, single pass, center-flow;
electrical drive, 15 hp, 220-440 V,
3-phase, 1750 rpm motor; 92CFM cap-
acity at 300 rpm at 100 psi; Cana-
dian Ingersoll Rand Co. Ltd.,
Canada.
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Part ltlo. Name of the
Component Remarks

36

37

38

Orifice
o late s

Rotameter

Manometer

Three sharp-edged plates of 0.418,
0.14I, and 0.046 in. diameter, de-
signed and manufactured in the lab-
oratory according to ASME Power
Test Code. All orifice plates were
calibrated in rhe laboratory (Refer-
ence 93 ).
Tube No. 3-15-4; Glass Float;Brooks
Instrument Co. Inc., Hatfield, Penn.
U. S.A.

Meriam Model 30EB25TM, Range 100",
well-type manometer. Equipped with
standard scale and 303 stainless
steel wetted parts.

39

40

4L

Surface
tension
anaLyzet

Potentio-
meter
recorder
(acces sory
for surface
tens ion
me ter)
Vis cometer

UID-PROPERTY MEASIIRING E

Fisher Model 2l-5 Autotensiomat
surface tension analyzer (or-rerates
on the principles of the du Nouy
ring and I^Iilhelmy plate methods);
analog panel meter readout (or
potentiometric recorder); 0 to 100
dynes/cm range 0.02 dynes/cm
sensitivity ! 2"/" relative accuracy;
0.02 dynes/cñ resolution (on 0-5
dynes/cm range, using the recorder) .

Calibrated in laboratory several
times during each run; supplied by
Fisher Scientific Canada. , Ltd.

Fisher Recordall series 500, single-
pen wide chart recorder, I MV to
10V range; L2 chart speeds; maximum
error 0.L% of 1 MV full scale; re-
pearability t 0.01% of ful1 scale,
Èouston Instiument, Austin, Texas l

T

Haake
B, use
circul
to5x
0.5
150

ol

d

f
C

Falling-BaI1 Viscorneter Model
d with a constant temperature
ato( ; rneasuring range of 0 . 0l
I0- CP; accuracy of -0.1 to

temperature range of -60 to *
Supplied by Fisher Scienti-

Edmon Canada
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Appendix B

CALIBRATION OF INSTRUMENTS

8.1 INTRODUCTORY REMÀRKS

This appendix gives the results of the calibration of the

measuring instruments and other sensing elements in the

experimental facility. As previously mentioned in Appendix

A, some components vrere calibrated only once by vijay (93)

before installation into the facility. Examples of such

components are the thermocouples and the resistivity of the

heat-transfer test section, the current and potential

transformers (used in the power supply circuit), and the

orifice plates and rotameter used to measure the air flow

rates. Methods and results of calibrating these components

are given in detail in Ref . ( 93 ) and vrere used in the

computer program for the reduction of the data. In this
section, results of the calibrations performed in the

present study are presented.



8.2 CALIBRÀTTON OF POT^TER MEÀSURING INSTRUMENTS

8.2.1 Ammeter

The ammeter was calibrated initiaJ.ly by ( 93 )

high precision Cambridge Standard instruments.

are listed below.

2BB

against a

The results

Range

( amps )

1-5

0.5-2.5

0.2-1.0

Max . Dev.

(%)

2.6

2.6

3.2

MÍn.Dev.

(%)

0.40

0.25

0.10

Mean Dev.

(%)

0.9

0.8

0.9

Similar results were obtained when the meter vras calibrated

regularly in the present investigation against the

standards.

The current reading was corrected before the heat-

made.transfer calculations were

8.2.2 Wattmeter

Às mentioned in Chapter 4, the wattmeter reading was not

used for the reduction of the heat-transfer data; it was

only used to compare against the power obtained from the

current and resistance measurements. The maximum deviations

between the standard and the wattmeter were in the order of

1.0% or less.
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8.2.3 Voltmeter

The voltmeter reading together with the ammeter reading

was used as another check on the power input to the test

section. The maximum deviation obtained between the

standard and the voltmeter ytas 1.3%.

8.3 CÀLIBRATION OF LIQUID FLOW METERS

The Fischer and Porter rotameters used for liquid flow

measurement were calibrated in the laboratory at room

temperature. The water flow results were compared against

the calibration curves supplied by the manufacturer as shown

in Fig. 8.1 . The manufacturer's calibration curves were

used for water flow rate calculations as the agreement

between these curves and the measurements vras excellent.

Figure 8.1 also shows the calibration results for the

glycerine & water solution (58%-42% by weight) and the

silicone Iiquid. As no calibration curves were available

from the manufacturer for these two liquids, careful

measurements s¡ere made in the laboratory and the mean of

several readings lrere taken as the true flow rate.
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8.4 CALIBRÀTION OF THE PRESSURE TRÀNSMI TTERS

The four pressure transmitters (three differential and

one gauge) were calibrated in the laboratory over their

ranges, and the results were compared against the

manufacturer's curvesr âs shown in Figs. 8.2 to 8.5. The

pressure transmitter with the smallest range (-25 to 5 in.

of water) was calibrated using a water manometeri negative

pressures were applied using a vacum pump. The second and

third transmitters (ranges 0.0 to 100 and 0.0 to 750 in. of

water) were calibrated using water and mercury manometers'

respectively. The gauge pressure transmitter (range 0.0 to

100 psig) was calibrated against the readings of a

calibrated pressure gauge mounted on a pressure cylinder

that contained compressed air. The manufacturer's curves

!¡ere used in the total pressure drop cal-culation, as the

agreement between them and the measurements was excellent.



"o

8

e
5
Fz
l!
É.
É.f()

E.
tlJ
F
IJ

r6

t?

4

5 -20 -r5 -ro -5

TRANSMITTER DI FFERENTIAL

O +5

PRESSURE ( tN. OF H2O ) t\)
\o
t\)Fig. 8.2 Calibration of Differential Pressure Transmitter lÏo.1 (-25 to *5 in HrO

Range)



20

I

5
t-z
t!
æ.
Ef()
E
trjl-
t¿J

t6

t?

4

25 50 75 tOO

TRANSMTTTER DTFFERENTTAL PRESSURE ilN OF HzO)
Calibration of Differential Pressure Transmitter No. 2 (0 to 100 in. HrO
Range)

t\)
\o
u)Fig. 8.3



zo

I

5
Fz
IJ
È
Ef
(J

E
hJ
Ft!

t6

t2

4

loo 200 300 400 500 600 700 750

TRANSMITTER DIFFERENTIAL PRESSURE (lN. OF HzO)

Calibration of Differential Pressure Transmitter No. 3 (O to 750 in. HrO
Range)

t\)
\o
,ÞFig. 8.4



^20
5 18

t- 16
zr! 14
É.

=tz()
to

æ.

HB
IJ

z

oo255075
GP TRANSMITTER GAUGE PRESSURE (PSIG)

Fig. B. 5 Calibration of Gauge Pressure Transmitter (0 to 100 psig Range)

roo

N)
LO
ul



296

Appendix C

PHYSICÀL PROPERTIES OF FLUIDS USED IN THE
PRESENT INVESTIGÀTTON

The physical properties necessary for the reduction of

heat-transfer data presented in the thesis are summarized in

thi s appendix. since the reduct ion of the data vras

performed by computer, the physical properties were obtained

from the equations describing them; these are given in Tab1e

C.1. The equations for water and air were taken from(C.1)

and(C.2) respectively, while those for glycerine & water

solution and silicone Iiquid !¡ere obtained directly from the

manufacturer's information sheets or by applying the

standard curve-fitting techniques to the tabulated data

taken from the literature (Refs. C.3, C.4 with glycerine &

water solution and Refs. C.5 to C.7 with silicone). Some

properties, where possibler w€re measured in the laboratory

to check against the tabulated values. These properties are

the liquid viscosity and surface tension. Table C.1 lists

the maximurn deviations between the value obtained from the

equation and the tabulated and/or the measured value of the

property.

In obtaining the equations Iisted in the

assumed that the pressure has no effect on

thermal conductivity, and specific heat.

table, it was

vi scos i ty ,



Table C.1 Physical Properties of Fluids Used
in the PresenL Investigation

Definitions and Units
p - Density (lbm/fr3)
Cp= Specific heat at constant pressure

(Btu / luror¡
k = Thermal Conductivity

(Btu/]hr. f t. or¡

T - Temperature oF

o = Surface tension (1br/ft)

R - Gas constant : 53.34
(Ît .Lb f /lbm. oR)

P : Pressure

p : Viscosity

t
(Lb f/ fr')
(1b /ft.hr)-m'

t\)
\o
\¡

Max. Deviation
and Remarks

0.2% between
calculated &
tabulated
value

Range of
Validity

Accurate in
the range

of
pres sure s
investi-
gated

-10.< T,< 242

Value of Equation for the Physical Property
(T=tempeïature oF, except where noted)

p: P/RT, T = absolute temperature (on)

C p
: 7.54 x to-6r + o. z4OL

Substance

Air



Max. Deviation
and Remarks

0 .1'/,

0 .1%

o .1%

0.3%

o.2Z

0.652 between
calculated &

measured
value

Taken from
(c .2)

0.1% between
calculated &

tabulated
value

Range of
Validity

-'10-< T 4242

- 10 r< T 4242

32 -< T 1212

32-< T <212

32< T< 176

32..< T < 212

68.< T.< 150

59.< T.< 86

77.< T< 108

Value of Equation
(T=temoeraLure

for
oF,

the Physical
except where

Property
noted)

k= -6.154 x to-9¡2 +2.591 x to-5 + 0.01313

þ= -2.673 ^ to-8r2 + 6.8r9 x 1o-5r + 0.03936

p= (2.101 x ro-8r2 - 1.303 x ro-6r + 0.o1602)-1

C=1.337x10
p

-6r' - 3.374 x lo-41 + 1,018

k=4.J2zxro-4r+0.3149

[ = (1.207 
^ to-5t2 + 3.863 x 10 3t * 0.09461)-1

q= 5.52288 x 10
-12 3 - g.05936 

^ to-9¡2

T+5.346x10-3

T against
air-4.75886 x 10

-6

p= 72.86 - 0.0i8387

c = 0.71635 - 1.075 x 10
p

-47

Substance

Air
(cont. )

üIater

llixture of
58%

3lycerine
and 42'/.
VJater þy
Inleight

NJ
\0
co



Spec. gravity
\^7aS given by
manufacturer.
No informa-
tion was
given on the
density
change with
temperature.
Taken from

(c. 6)

No other
information
was given by
the manufac.

0.68"Á between
calculated &

tabulated
value

.12 between
calculated &
measured

value
.72 between
calculated &
measured
value

Max. Deviation
and Remarks

70-< T -< 130

@ T=77or

@ T=77oF

50 <T -< 176

40 -< T -< 160

40 -< T < 160

Range of
Validity

Value of Equation
(T:temperature

the Physical
except where

foroF, Property
noted)

p = - 6.9 * to-513 + 2.\969 * io-2t2

ø= -0 .27 x lo-51 + 0.oo\5937 (against air)

k = 0.2132\ + 1.\32 x 'lo-41

- 3.0565'r + 137.5

+ ie

k = 0.06773

-\T

Specific gravity = 0.92

c = 0.3839 + 1.80178 x 1o
p

Substance

xture o
s8%

lycerine
and. 4211

Itlater bY
Weight
(cont. )

Si 1i cone
Liquid
t t 

Do\nI
Corning
200, 5cs"

t\)
\o
\o



Max. Deviation
and Remarks

2.4% between
calculated &
measured

value

0,85% between
calculated &
measured

value

Range of
Validity

40-< T -< 2oo

@ T=770F

Value of Equation
(T:temperature

f,or the Physical Property
o.-"F, except where noted)

u = -5.1 x to-6r3* 2.41 x 'to-3¡2 - 0.41076r + 3i.18

o=\.59x10-3 - 2-7 x lO-6t against air "? t,

Substance

Silicone
Liquid
ttDorn7

Corning
200, 5cs"

(cont. )

(,
O
O
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Tab1e C.2 summarizes the properties of the glycerine &

water solution and the silicone liquid at room temperature

(25'C) . Às mentioned earlier, the glycerine & water

solution (58%-42% by weight) was chosen because it

essentially has the same Prandtl number as that of the

silicone liquid.

Table C.2

Summary of Physical Properties for the Glvcerine & üIater

Solution and the Silicone Liquid

Properties at 77oF
(25 o C)

Glycerine&Iniater
Sol. (58% - 427"

by weight)

Silicone Liquid
(Dow Corning 200,

5cs)

Boiling point oF

Flash point (oPen cuo

Specific heat Btu/1b¡1. oF

(J/ke . K)

Surface tension
Ib,/ft (DYnes/cm)r,

Prandtl nurrber

(oc)

test)
(0c)

Density lbr/ft3 (gm/cm3)

Viscosity Tbf/ ft.hr (CP)

Thermal conductivitv
Btu/hr-. f t. oF

(ur/m ' K)

227 (108) @ 760rnm

350 (L77)

0.38807',
(0.2243)'

0. 70807
(2964 .5)

o . oo45 9 (67 .o)

63

71.s(r

19.9(8

ls)
22)

>200 (93) G 0.5mm

272 (L33)

57 .3(0.92)

11.1(4. ss)

0.L172 \,,

(0 . 06 77¡ ',:

0.40065
(T67 7 . 4)

0.00135 (79 .7)

63
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Àppendix D

CALCULÀTiON PROCEDURE

This appendix gives the definitions and procedure for

obtaining the heat-transfer coefficients and the

hydrodynamics quantities of interest in ihe present

investigation. It should be noted that most of the material

presented here was initially presented in (93).

D

D

Due to the length

are listed below in

desired material.

D.1

2

3

D.4

D.5

D.6

D.7

D.8

D.9

of this appendix, the section headings

order to facilitate access to any

Definition of the Heat-Transfer Coefficients

Calcualtion of the Local Heat FIux (q " )
W

Calculation of the Inner [.tal1 Temperature from the

Measured Outer Temperature

Calculation of the Mixture InLet Temperature (tr* )

Calculation of the Local BuIk Temperature (t" )

Summary of the Calculation Procedure for the Heat-

Transfer Coeff icients

Calculation of the Frictional Pressure Drop

Calculation of the Mean Pressure and Temperature in

the Test Section

Calculation of the Void Fraction

Calculation of the Liquid and Gas Flow Rates and

Superf icial Velocities
D.10



304

D.1 1 Determination of Surface Tension

References for ApPendix D

D.1 DEFINITION OF THE HEÀT-TRANSFER COEFFT CI ENTS

The locaI heat.-transfer coefficients were calculated

f rom:

h(z) (D.1)
I^7 B

qn
TT

where

and the bulk

start of the

ñt twqw and T" are the heat f1ux, walI

fluid temperature at the location

test section.

temperature '
Z, from the

vrere calculated fromThe mean heat-transfer coefficients

the IöcaI values by applying a length

follows:

mean integration, as

L
2

h (z) dz (n.z)

The local values of the heat-transfer coefficients vlere

calculated f.rom Eq. (D.1) at 16 horizontal planes along Èhe

test section, as shown in Fig. D.1. However, only the

values at seven planes (denoted by circles) were used to

calculate t; this was done due to the following reasons:

Points 1 and 16 were close to the bus bars (which act

like heat sinks) which were silver soldered to the

test section. The local heat flux and the

1
ÃLh

L
1

1
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thermocouple output were influenced by the presence

of these materials in uncertain vrays.

At points marked by crosses, there was only one

thermocouple at each plane in contrast to the points

denoted by circles where there r¡ere four

thermocouples placed around the circumference on the

same p1ane. Vijay (93) reported that the values of h

around the tube at a certain plane varied by as much

as 10%, which h'as attributed to the nonuniformity of

the tube thickness [maximum deviation was measured

by (93) and was found - 5.0%1. To be consistent,

therefore, only the values at points denoted by

circles were used to calculate the overall mean

values. Equation D.2 was solved numerically on the

computer by using the trapezoidal rule for

integrat ion.

5 x

t¡l l3z^

L 2

TP

o

Lt

4

I
h t5

14x
l6a

3 5.5" 4

AL

il
þo.zs"

L2
þ

tl 5il
3-5" t.52.5

Fig. D.1 LocaI Heat-Transfer Planes
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Ð.2 CALCULÀTION OF THE LOCÀL HEAT-FLUX (øoo)

The loca1 heat flux at the wall at location Z along the

test section was caLculated from the knowledge of the local

resistivity and the current flowing through the tube as

follows:

dz

7

Consider

The heat

Fig. D.2 Heat Flux on the Tube

the elemental length dZ of the tube at location Z.

generated in this elemental length is given by

)
dQW : cl-dRt (D.3)

where

dRt is

the tube and

the resistance of the elemental length dZ of

is given by

dR dz

the average resistivity of the tube at location

p
At c

where

p

A

1S

zt

is
is
is

the

the

the

cross-sectional area of the tube-waII,

electric current flowing'through the tube,

conversion factor = 3.413 Btu/watt.hr.
I

G

c



The re f ore

where

Hence

G ,dz
(D.4)

A d7,

dÀ= = nDdZ, is the elemental surface area of the tube.

dQw

dA
5

qw
1I
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(o.s¡

c

)-Gr-p'
lTDArc

Btu/hr. ft 2
qw

The thermal losses from the outside of the heated section

are negligible due to the presence of guard heaters and

insulation. Therefore Eq. (O.S) represents the net heat

flux transferred to the fluid.

D.3 CÀLCULATION OF
MEÀSURED OUTER

THE INNER WÀLL TEMPERÀTURE FROM THE
WÀLL TEMPERÀTURE

To

z

D¡

De

Fig D.3 Temperature Drop Àcross the WaIl of the Tube

Tw
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The loca1 temperature TW (rig. D.3) at the fluid-wall

interface (inner wa11 temperature) is required in order to

obtain the local heat-transfer coefficients from Eq. (D.1 ).

The outer wall temperature To was first measured, and the

inner walI temperature h'as then calculated from the

f ollowing:

AT
W

(D.6)

where

ATw is the temperature drop across the wall.

The method developed by Kreith and Summerfield (D.1) for

the temperature distribution in an electrically heated

resistor of tubular shape with the total energy dissipated

to the f luid f lowing inside v¡as used in Ref . ( 93 ) to

calculate ÂTr; the same method was adopted here.

The expression for ATw as given by the authors (o. I ) is

as f o1lows:

AT (e
2

(¡.2)

where

t
B1

is the wall thickness, given by t = Ro -
m/ Q + ß'To) (f + cr'To) ,

2m/3Do (f + ß'To) (1 + o'To) '
*2(3ot + 4a'ß'To+ß')/6(r + ß'To)3(r + o,'T

.)

m/Do (1 + ß',To) (1 + cr'To),

is the outer diameter of the tube,

is the outer radius of the Èube,

tT:rF-W 'o

++
"r-t 

t+2t
0

B
I¡ü

L4
"s)

R
l-

B2=

B3= 3

B 4=
Do =

R=o

o



Ri = is the inner radius of the tube,

m = c(ð,e/d,z)2/zp:k:' oo
ß' is the temperature coefficient of

tube material, given bY

p (1 + ß'T)o

is the electrical
material,

is the temperature

resistivity of the tube

conductivity of the

coeff icient of

tube material

309

(D.B)

resistivity of the

thermal

defined by

p

p

ctt

kt

ka k' (1 + o'T)

conductivity of the tube material,

voltage gradient in the tube.

Equation.(D.8)

measured current I

Gm= 2p koo

where

o

is the thermal

(de/az) is the

p

2

For the elemental length dZ, the volt'age gradient can be

obtained from

ðe
6z

p'i pt ï
c

Hence
2

for m can be expressed in terms of the

flowing through the tube as fo1lows.

taLl
c

A

2 (D.e)

I
DD2oo" = ä(



In calculating m f rom Eq. (D.9) , P ' Ytas assumed

constant within the waII at a particular location

interest and was evaluated at the mean temperature

the walI at that particular location. Then p'

designated by P- and is given bY

p' = ÞÏ = på (1 + ß' TavC)

where mtw
2

Therefore

2o'k''o o

tJ-12
A

310

to be

of

Tavc of

lra s

(D. t0 )

(D.1r)

(D. 12 )

by

Y'A S

T+
omt_-

AVG

G 2m= [.)

The electricat resistivitY of

Vijay (93) in the laboratorY and

used to calculate P' (f in 'F)

the

the

tube was

following

measured

equat i on

-5 -3p'=0.216581x10 (1 + 0.650408 x I0 T) ohm. ft

65 < T <220 0p (D.13)

The thermal conductivity of the tube material (type-304

stainless steel) was calculated from the equation reported

by Bergles and Rohsenor¡ (O.e) which agreed within t2% vtith

the data obtained from the manufacturer (93, page 302) in

the temperature range of 75-150"F. The expression for kt

is given by (T in "F)

ka 8.46 (1 + 5.26 x to-4r) BLu/hr.ft.0F (D.14)



(o.z)

tw t

now contains

the iteration

two unknowns, Al,r

method given below
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and

was used

Às Eq.

implicitly
f or A\r.

I

2

W3

4

To start s¡ith, TW vras assumed to be

P' and m were calculated from Eqs.

respectively'
ATw was calculated from Eq. (o.z)

Eq. (p.6),

This new value of Tw was then used

value for TaVC and the above stePs

until two successive values of ATw

r0.00050F.

equal

(D. 10 )

to

and (D. 12 )

To

and then T f rom

to obtain a new

were repeated

agreed within

D.4 CÀLCULATION OF THE MIXTURE INLET TEMPERÀTURE (tr*)

À general equation for the mixture inlet temperature TIN

was derived by vijay (93) for the glycerine & water

solution-air systems by performing a conservation of mass

and energy on the control volume indicated by dashed lines

in Fig. (o.¿). This equation lras used here to obtain

expressions pertaining to the present water-air, glycerine &

water ßAZ-q2%)-air and silicone-air systems. The general

equation is:
ñ"t
T-ma2

c" T +
L L1.

cncTc2 +(wHzo
3

Hzo
2

v¡ )h"¡ * *U'o nlåo
rfr:
ißt m

Ll_

m^
a¿

c
PL

cnc

H'O . HaO
- I^7-' n :

JVJ
GL

w (h GL
v33

h"g)

cnr, *
*l,r
mâ¿

cn"

+

(D. ts)
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Fiq. D.4 Heat Balance Control Volume, From Ref. (107)

I

¡

I

I

i

xerl -M

low
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IN

Tcz

L1

3
r

G
2

1

I

- +-m

m¡

I
I

t

Colming
Lerrgl h
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where

ñ-,is the liquid flow rate at the inlet to the mixer,
Ll-

ñuzis the flow rate of drY air= ña3,

Tr,ti s the J. iquid-phase temperature at the inlet to

the mixer,

TCZ is the gas-phase temperature at the inlet to the

mixer,

CpL, are the specific heats at constant pressure for

Cpc the Iiquid and gasr respectively,

h is the specific enthalpy per unit mass of fluid'

w is the mass of liquid vapour per unit mass of dry

alr
The superscripts HzO and GL refer

respectively, while the subscript v

fluid indicated by the superscript).

r n Eq. (o. I s ) t"r_ ,1c2 , ñLt and

measurements i Cpr, , Cn"and \t can be

equations or thermodynamics tables.

*2 = Ru oz Pvz/Pngz

t3 = Rol Ô¡ P,r¡lP¡g:

where

R

to water and glycerine,

refer to vapour (of the

riru, a re known f rom

found from property

By definition (o.g),

(D.16)

(D.17)

0

M
r.s

to

is
is

the ratio of the molecular weight of the tiquid

t,hat of dry 9âs,

the relative humiditY,

the saturation pressure of Iiquid vapour in thePv2
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Dg2

G2

P

P

P

gas at

is the

vapour

is the

is the

at TIU

is the

is the

inIet.

the temperature TG2,

partial pressure of dry gas in the gas-liquid

mi xture=P G2-P vZ,
total pressure of 9as-liquid vapour mixture,

saturation pressure of the liquid vapour
-.4

Dg3

IN

I

P

P

partial pressure of dry

total pressure measured

gas = PIN-P.,3, and

at the test section

I t can be seen that among

above, only Po,3 is a f unction

all the

ot Tlw

Tr*and wt (trr)

the computer.

quantities described

Therefore, Eg. (D.1 5)

and it þ¡as solved bY anhas th'o unknowns i . e.

iterative procedure on

Equation (D.1 5)

mixtures used in the

can be simptified for the Iiquid-gas

present studY as follows.

(r ) wÀTER-ÀIR

ñ"t
-t-
ma¿

cn GÌ
*3hfg3 + wr(Hu2 h )cn T T+ L3

LL G (D. rB)
T \r

-t

fn ^ -PL
a¿

TN c +
PG

where:

hfg3= hv3- hL3= hg¡- hr{because at section 3 the mixture

is saturated by assumPÈion)

,2=0.622þzpg2/ru, , w3=0.G22 pnz/p^z where

þ2 = relative humidity of air, which was taken equal to 1,

Calculations are given in (107)
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P saturation pressure of water vapour in air at

temperature T-^ [obtained from thermodynamics-G¿

tables, Ref. (P.g)l

pressure of dry alr = P

g2

P ^ = oartiala¿

P=PP'a3 'II'I
(rI) GLYCERINE &

Þ
'G2 q2

93
WÀTER (58% 42%) AI R:

The vapour pressure of water in contact with glycerine at

a fixed temperature decreases as the glycerine percentage

(by weight) increases in the solution, values are given in a

tabulated form in Ref.(O.4). From a plot of these values,

it can be shown that *3 (for the 58% glycerine solution)

=0.773 *3 ( f or 1OO% water ) . Also, f rom the same plot, {"
(for pure glycerine) is a very smalJ. quantity (almost zero)

because the partial pressure of glycerine is very low

compared to that of water.

Inserting these

yields:

quantities of or!'o.na "!L in Eq.(D.15)

*Ll
mâ¿

cnctct o.77t *ltonrn, + w, (h h": )cp"Tr, * Hzo
v2

rT* TN_ mL}
m

â¿
cnc * cn"

(D.19)

(rrr) sILrcoNE-ÀrR:

HzO= HzO
2In this caser Yr

3
vt and it is also assumed that



hHzo o hH2o. arro the partial
v2 v3

is very low for the range of

present study ( less than 5

therefore, that there is no

vapour in the mixer. Hence,

to:

*1,1
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pressure of the silicone liquid

temperature involved in the

mm Hg ). rt is assumed,

flashing from the silicone into

the equation for T reduces
ÏN

(D.20)
m G

cpr,Tr, * cn T
G1a2T

TN *1, I
m

cnc + cPL
a2

D.5 CÀLCULATTON OF THE LOCÀL BULK TEMPERÀTURE (t")

In deriving the equations for TB, it is assumed that the

gas-Iiquid mixture enters the test section fully saturated,

that is, the saturation process is complete in the calming

length. Calculations and experiments done by Sims (O.S)

show that this assumption is valid.

There are two cases under consideration here. The first

is at very low liquid flow rates (Va"<o.400 f.L/s or 0.122

n/s) and medium-to-high gas f low rates (vsc>30. O f.t/s or

9.14 n/Ð. For these cases of high gas-to-liquid flow rate

ratios and large temperature rise along the heated test

section, the saturation vapour content of the gas phase

changes considerably along the heated length. Hence, part of the
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liguid-phase evaporates rendering the gas-liquid mixture

saturated again.

The second case, at higher liquid flow rates, where the

temperature rise along the test section is much smaller than

that for the first case, there is essentially no evaporation

in the heated test section.

The first case involves the lowest water-air liquid

velocity (VSl,= 0.185 f.t/s or 0.056 n/s) and the lowest three

liquid velocities for glycerine & water-air. No evaporation

takes place with the silicone liquid due to its very small

vapour pressure at the operating temperature range. In

total, the data points associated with the first case

represent 17.1% ot the present data.'

In the following sections, the methods of calculating T"

in both cases are discussed. The criterion of using which

method is presented 1ater.

D.5.1 Calculation of To for the ca?e when Evaporation
TaI"nPI."". in tñe Test Section

For this case, the mixture temperature at the outlet of

the heated test section t.Uris first calculated from the

relations given below. Then, from the calculated inlet and

outlet temperatures of the mixture ( tr*and tour), local

values of T vtere obtained by assuming a linear temperature
B

rise along the test section.
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The equations for the mixture outlet temperature *OUr"un

be obtained in a manner similar to that used for *r*(given

in the previous section). In this case, the control volume

surrounds the system from the point the tiquid and gas enter

the mixer lpoints 1 and 2 in Fig.(p.¿)] until the point

where the mixture leaves the heated test section (point 3').

À term which involves the heat flux at the wall will then

appear in the equations for tou, (e,,, is the average of the

local values of the heat flux) . These equations are:

( I ) water-Air:

qilÊ=

-
m

â¿

ñ"
- 

# 
cn"t" * cpcrcr - tjhrgj * t2 (Hrr2 hr,J)

T (D.2L)
OU

cpc *

( I r ) GIycer i ne & ,water (58%-42%) -Aír ¿

T \r
mâ¿

cnr,

qiÊ"
-E

â¿
-*"r.'rir^ -P

a¿
TLL + cncrcr 0.77, r}tohfn3. * *z(n};o - hr,J)

T
OUT

"n"*H cn"

i I icone-Ai r:

(D.22)

(D.2 3 )

qrn1Ê"

-ñ^
a¿

*þ 
"na¿

+l,Tl, cnctcr
tTt :.OUT *1, r

m^
a¿

C

(This equation was not used in the calculations because of

of the very small vapour pressure of the silicone liquid. )

+ cpr,
PG
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elemental volume of the heated tube, having

of dA (rig . D.Ð. Let the temperature rise

in this length be dT . The amount of heat

the fluid in this section is given by

dA rDdZ pdz

Consider the

a surface area

of the mixture

transferred to

dotl =

ø, (raz )

Hence

dT
a* ndz

ñ;Ç- rñæ;

of energy on this

state conditions,

(D.2 4)

att da"

where

Þ

(d, p are the

Àpplying the principal of conservation

elemental volume, and assuming the steady

the following expression is obtained.

inside diameter and perimeter, respectively)

ñ" ñccpcdtecnr,dT" +

B

Equalion 6.Zq) was integrated step-by-step and it r¡as

assumed that the specific heats and the wall heat flux

remained constant in the interval between two successive

locations. Integrating Eq. (D.241 between Zi and Zí*t

gives

i+1
dZ

Pqw
_;_ -__-=__-_i___a__-__
*LtPL * *GtPG

Z.
l_

z i+1
dT

B

¿)
l_

z



The re f ore

(r
B

(r +
Pqw

qÇ_T-Eæ; (z Z
l_
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(D.25)
a B i-1 i-1

To obtain TB at successive locations along the test

section by Eq. (D.25), an initial value of T" is required.

The mixture inlet temperature TïNrcalculated from

Eqs. (O.18,D.19 or p.20), yras used as the initial value in

Eq. (D.2s ) .

The criterion for using the first method to obtain TB

depended on a test of the heat balance in the test section.

The calculated outlet temperature was compared with the

measured value (mean of two thermocouple readings at the

test section outlet). À difference of 10F (0.550C) or 10U

between the two values was taken as the criterion for the

first method to be used.

D.6 SUMMARY OF THE CALCULÀTION PROCEDURE FOR THE HEÀT-
TRÀNSFER COEFFICTENTS

In connection with the calculation of the heat-transfer

coefficients, the following quantities were measured: I

(electric current flowing through the tube); To (outer waII

temperature at 15 planes), only the values at the seven

planes mentioned earlier were usedi Tf, (liquid temperature

at inlet to the mixer) i ,"2 (gas temperature at the mixer
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inter ) ; ñ",
respectively);
section).

( Iiquid and

(pressure at

gas flow

inlet to

ra tes

the test
and

and

mc2

Þ'rN

1

2

The calculation procedure h'as as follows:

The local values of the heat flux (q W ) were

calculated f i rst from Eq. (D. 5 ) ,

The local values of the inner walI temperature (tt )

were calculated from Eq. (D.7), as explained in

Section D.3,

The mixture inlet temperature vras calculated from

Eqs, (D.18) to (D.20), depending on the liquid-gas

mi xture ,

4 The local values of the bulk (r
B ) were

3

temperature

of the twothen calculated using one

described in Sec. D.5, and

Finally, the Iocal and

coeff icients were calculated
(n.z).

using Eqs. (o. I ) and

D.7 CÀLCULÀTION OF THE FRI CTI ONÀL PRESSURE DROP

The frictional pressure drop h'as estimated from the

measured total pressure drop across the test section. The

Iatter was measured using three differential pressure

transmitters which covered wide ranges of readings (-ZS to

+5, 0 to 100, and 0 to 750 in. of water). The gauge

5

methods

mean heat - transfer



pressure

measured

psig).
pressure

follows:

The total
by

whe re

APH , APA

frictional

The

I iquid

and AP,

pressure
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at the inLet of the heated test sect i'on vras

by a gauge pressure transmitter (range 0 - 100

The equations for calculating the frictional-

drop from the measured total pressure drop are as

pressure drop includes three termsr ffiãinty given

aP ( toral ) EI'fN Þ'OUT AP AP AP (D.26)
H A F++

are the hydraulic, accelerational, and

drops.

hydraulic pressure gradient is simply the head of

in the test section, and is given bY

AP
g

g'c
and Purx for single-phase and two-phase flow,

Lp (D.27)
G

where g = pL

respectively.

The mixture density is calculated from

p (1-cr)pl * 0pcMIX

where o¿ is the void fraction.

The accelerational pressure drop is

Therefore (D.26) reduces to:

Ap(total)=Ap" +A"u

or AP- = AP(totaI) - aP--_-F 
H

(D.28)

negligible (93) in this case.
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and outlet of the test sectton,

calculated outlet temPerature. )

CALCULATION OF THE MEAN PRESSURE ÀND TEMPERATURE IN
THE TEST SECTION
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ca lculated

(D.2e)

from the

The mean pressure in the test section was

f rom:

Þ = P--- - AP ( tota L) /2^¡¿tx - rN

The average mixture temperature vras evaluated

following equation:

Trr* = (TrN + tou, )/2
where T rU and I Ou, are the bulk temperatures at the

(D.30)

inlet
therespectively. (rour i"

D.9 CÀLCULÀTION OF VOID FRÀCTION

À knowledge of void fraction was required in order to

calculate the frictional pressure drop (as shown in Section

D.7) and also to use in the comparisons with the

correlations of (15,24,46,g0) where it appears as a

dependent variable.

Vijay (93) conducted an extensive study and comparisons

with available correlations in the literature Inet.(O.S)]

and found that the correlation by ChishoLm(14) vras the most

appropriate to the experimental setup. The application of

Eq. (p.35), introduced below ,to correlaÈe the mean heat-

transfer data vras found (93) to be very successful.

The calculat ion of the void f.ract ion using the

correlat.ion of Chisholm(14) follows the following procedure:
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termed as
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of the mean velocities of the two-phases, usually

slip ratio is given bY

S=V
(̂J

/v (D.3r)

(D.32)

(D.33)

L

In the paper (14), the author showed that S can be

approximated by

S _ (p

where

L
/pL MIX

I 1-x x+P¡¿rx PL pG

and

x, the flow qualitY is given bY

x = ñc/ ( rtr"+ ñ" ) (D. 34 )

From the definition of flow quality and void fraction it

can be shown that

S ( 1-x) ,/p LRr, 1- c¿ (x/p") + S(1-x)p" (D.3s)

where

is the liquid volume fraction

Since x, Pe and Pl were known, PMïX and' S were

calculated from the Eqs. (D.33) and (D.32) respectively, and

the void fraction was then determined from Eq. (D.35).

R"
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D.1O CÀLCULÀTION OF THE LIOUID ÀND GÀS FLOW RÀTES ÀND

SUPERFICIAL VELOCITIES

D.10.1

i. Flow

For other liquids
obtained from the

correction factors were

curves given in Fig. 8.1

Liquid Flow Rate and SuPerficial Velocity

Rate (ñr.)

The liquid flow rates were measured by means of three

rotameters which were cal-ibrated in situ in the laboratory.

The flow rate of water lras determined by the appropriate

equation below:

-For meter number 1 (high flow range)

ffiL= 0.274286 + 179.914 Rm (D.36)

-For meter number 2 (medium flow range)

ñL= 4.14875 + 1 7.560 Rm (D.37 )

-For meter number 3 (low flow range)

rÍr-=1 .05622 +1.565 Rm (D.38)
t

(nir i-s the percentage of the meter reading)

than water,

calibration

ii. Superficial veloc i ty (V. L )

By definition, the superficial liquid

calculated from the foltowing equation:

vsl = fnu/0"1,

where ÀT = (n/+)o2 is the cross-sectional

veloc i ty was

(D.3e )

area of the tube.
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D.1 0.2 Gas Flow Rates and Suoer ieial Velocity

I Flow Rate (

The air flow

plates and a

to determine

rate vras measured by means of three or i f ice

rotameter. The following equations were used

the air flow rate (93).

The mass flow rate from the rotameter, which was used for

the lowest flow rates, was calculated from the following

equat i on
L

ñc= 0.27364 (o"r)''Qo (D.40)

where

gCt is the gas density at the rotameter inlet,

o is the volumetric f 1ow rate (té /*) at standard-o
conditions and was obtained from the calibration curve (93)

and is given by

-0. 1 825 + (D.41 )

where

is the meter reading.

Qo= 0.0813 Rc

R
G

The mass flow rate through the orifice plates was

calculated from the following equation

* )1 (D .42)
Tor

Pcz pez
D P

FLOW
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where

AP
OR

PG1

C is the

determined ( 93 )

d is the orifice throat diameter t

F = (1 -ga)-\ is the velocity of approach factor

where ß = a/P = throat diameter/pipe diameterp

Y is the expansion factor, given bY

y=1-(0.41+o.3sealþ,'. Gl
(D. 43 )

Eita

h
\,ü

is the thermal expansion factor = 1'0 in the

temperature range involved in the experiments,

is the pressure drop across the orifice plate

(in. of H2Ol ,

is the ratio of specif ic heats = 1.4 for air,

is the pressure drop across the orifice pIate,
k

Pc2'

coef f icient of discharge which vtas

f rom

Orifice
PIate No.

Throat

Diameter

( inches )

c

1

2

3

0.418

0.141

0.048

0.687 exp (-3.83 x 10 *"J )

Re6 )

Reo )

0.689 exp (-9.+s x 1{1

O .732 exp ( -3.06 x 10-6

is the Reynolds

i

number based on the throet diameter

4tiì
(̂J

1Tãu;
(J

e

*Re
d



The following Procedure was employed to calculate m6

an ideal gas,

values of P cl

cl = n"t/*t"t

328

was calculated from the

Tct
Assuming

measured

9et
and

p

2

R is the characteristic gas constant.

Y was calculated from Eq. (D.43) where Oto* was

calculated with the knowledge of hw from this

relation

g o'w
TTZBAPoRg

An arbitrary value

with) and m" v¡as

was evaluated and

h (psi) (D.44',)
w

for C was chosen (0.6 to start

determined f rom Eg. (o.q2) , then ReU

a new value for C was obtained.

value of C, a new ;,G was

c

3

4 new

Ê

Based on this

determi ned.

The procedure

vaLues ot m G

was repeated

agreed within
unt i I two

l.0.1%.

success lve

i i . Superf ic iaI veloc itY (vsc )

The superficial velocity of gas vtas determined by the

foJ.lowing equation.

(D.4s)vsc = ñ"/0"o,



The gas-phase density changes along

heated test section due to changes in

pressure. Therefore, a mean value was

the following reLation

SG
(in1et) + V ( outlet )SG

V
SG

For the case

329

the length of the

the temperature and

calculated from

(D. 46 )

the test section,

r.¡as corrected to include

phase.

V

described earlier

the Iiquid vapour

of evaporation

in Sec . D.5, V

content in the

1n

SG

9as

D.11 DETERMT NÀTI ON OF SURFÀCE TENSI ON

The measurements of static surface tension.made by the

surface tension analyzer indicate the apparent surface

tension. These readings were corrected for absolute

surface tension by the following relationship.

oabs F o (D. 47 )
app

where

x

o

o

F

abs rs

isapp
is

the

the

the

absolute surface tension

apparent surface tension

correction factor as mentioned in @.1) and

0.01452 oapp

given by

r
R )F 0.725 + (

c2 {o"n Pvp )

+ 0.04534 L.679
,2 (D.48)
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vrhere

R

r

Pr,p

Pup

c

is the radius of the ring (cm)

is the radius of the wire of the

is the density of the lower Phase

measur ing vessel ( gmrlcm3 )

is the density of the upPer Phase

measuring vessel (gm/cm3)

is the circumference of the ring

ring (cm)

in the

in the

(cm).

For the ring used in the present work,

c 6.0 cm

R/r= 53.7489
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Àppendix E

ERROR ÀNALYSIS ÀND REPEÀTABTLITY

8.1 ERROR ÀNÀLYS TS

The main quantities measured during the present

investigation, as discussed earlier in Chapter 4, were the

power to the test section and guard heaters, the waII

temperatures at sixteen leveIs along the test section

length, the guard heater temperatures at nine leve1s along

the guard heater tube, the liquid and gas flow rates and the

total pressure drop across the test section. Using these

measured independent variables, dependent variables (eg.

vsl, vsc, R.sl,, ResG, ATt, h, APtnu, etc. ) r¡ere calculated'

The accuracy of the measured quantities and of the

calculated dependent variables was estimated according to

the method of Kline and McClintock (8.1). In this method,

if R (tfre calculated result) is a function of independent

measured variables tl, v2.. . trr, each of which is

normatly distributed, then the relation between the

uncertaintys interval ri for the variables, and the

uncertainty interval trr* f or the result is:

s The authors (n.1)
value the "error"
throughout this
"uncertainty" are

used this term to
might have. In the
thesis, the terms
used synonymouslY.

mean the possible
present appendix and

tterror tt and
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(E.I)

(8.2)

or

'R fl.u* = lì
aql ( tnn)

n

+ +

{ tr=!- ( rnR)\ dv

The uncertainty intervals ôi are known or estimated, based

on certain "odds" that the experimenter is willing to wager

that any given reading lies within t ri of the true value.

The estimated errors in the main measured variableS are

summarized in Table 8.1. Table 8.2 gives the uncertainties

in the variables affecting the mean heat-transfer

coefficient. Def initions of variables are given in the

Nomenc IaÈure .

Table 8.1

Summary of Estimated Uncertainties
in the Main Measured Variables

Variable Uncertainties (t)

Local heat-transfer coefficient
Ir{ean heat-transfer coefficient (

Liquid superficial velocitY (ur"
Gas superficial velocitY (ur")
Totatr pressure droP across the
test section heated length (^P)

(h)

ñl
)

6.8 2I.02
2T. IZ

7 .32
7 .52

- 5.08

6.9
B

B

5

5

3

0
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Uncertainties in the Variables Affecting
the Mean Heat-Transfer Coefficient

CommentsUncertainty
interval
based on
approximatel
20 to 1 odds

I l-l_
(r)(t) or oJ

Variable
v

l_

For the range of readings taken during
the study" The largest errors were
associated with the readings in the
range of 0.1-0.2 amp. (on1y three data
points were taken in this range). The
majority of the data \^/ere taken in the
range 0.4-1.0 amp. where the error
averaged + 1.5U.

Thermocouples were calibrated by Vijay
(93), potentials were read on a data
logger which has an accuracy of t 5uV.

Eq. (E.1) applied to the following
equation, used by Heineman, Ref . (8.2):

Eq. (D.7) was very complicated to
rrors in qi'- and k- were estimated
pplyins -* uq. (s".r) to Eqs. (D.5)

( D. 14 ) , respectively .

2
A )c

:-
4 o

D Do1n
D )

2

4

-D(D

o
il

use.
by

and

D=D -2t

a"=f o2

2
oÂrw=4t

o2-o2o_-_E-

Measured

Eq . (n. 1)

Eq. (E.1)

Eq. (n. 1)

Measured

Measured

Measured

bv (e3)

applied to:

applied to:

applied to:

by (e3)

by (e3)

bv (93)

0.22

0.5u

5.5?

0. 5z

5.0%

0.1å

0.2-IZ

0.6-10. 0u

0.30p

0.2 or

AT

D
o

D

A
c

A
S

To

W

t

L

Z,

ï
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Variable
V

l_

UncertaintY
interval
based on
approximately
20 to 1 odds
û). or u. /v. (+)

l- l-' l-

Comments

N

h

T I
htB

qw

h

0.2-0.8 0F

0.1-1.3 0F

r.2-20 .02

6 . B- 2r.02

6 .9-2l- . 13 applied to Eq. (o.Z¡.
very small, âs shown

Eq. (E.1) applied to Eq. (D.15)

Eq. (8.1) applied to Eq. (D.25)

Eq. (8.2) applied to Eq. (D. 5 ) . The
large errors resulted from the ammeter
readings in the range below 0.2 amps.
This was the case with the lowest two
liquid velocities for the sil-icone-air
system (only three data Points).
For the majority of the data, the
error in 9ü averaged + 2.52.

Eq. (E.2 ) applied to Eq. (D. 1) . The
smallest uncertainties occur with the
large heat-transfer coefficient,
where the uncertainties in qJ: were
minimum. The large errors oëcurred
with the maximum error in q* (three
data points). For most of'uthe
data, the error averaged + 7.22

Eq. (8.2)
in 7, ãTe

Errors
earlier.
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8.2 REPEÀTÀBILITY OF THE RESULTS

Water-air repeatability tests were performed during and

at the end of the present investigation, mainly to ensure

the continuous satisfactory performance of the experimental

facility. Às shown in Figs. 8.1 and 8.2, heat-transfer and

pressure-drop repeatability results were taken ut uS" = 1 0.4

f.t/s ( 3. 18 n/s). The overall algebraic and r.m. s.

deviations between the base data and the repeated data vrere

-4.9% and 6.6% (with Frn ) and -2.6% and 6.2% (wittr o"rn, ),

respectively. Repeated data r.tere also taken at Ur" =

tt/s (10.6 n/sl; the r,m.s. deviation (with ñrn ) was

in this case.

34.7

5 .6%

The repeatability tests for the glycerine & water-air

data were done at superficial liquid velocities Vr" = 18.1 &

24.2 t.t/s ( 5.52 & 7.38 n/s). The results of these tests are

given in Figs. 8.3 and 8.4. The overall algebraic and

r.m.s. deviations were 1.5% and 8.3% (witfr trrn ) and 1.4%

and 7.5% (witn AP rpF ).

with the silicone-air system' a total of 12 velocities

were taken originally with a range of ur" f rom 0.074 f.t/s
(0.022 n/sl to 30.2 f.t/s (9.20 n/sl. Two repeatability

heat-transfer tests were performed at Vs" = 0.910 f.t/s
(O .277 n/Ð and 1 6. 6 f.t/s ( S. Oz n/s\. The f i rst Vr" was of

special interest as it felI in the range of the liquid

superficial velocities during which the new trend of ñrn

against V=" vtas observed (as discussed earlier in Chapter 7) .
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The results of these tests are shown

shows extremely small deviations between

points (base and repeated).

in Fig. E

both sets

343

5, which

of data

The frictional - pressure-drop data vrere obtained at the

above-mentioned two liquid velocities and also isothermally

ar Vsr, = 2.26 f.t/s (0.690 n/s) and Vr" = 6.05 f.t/s (1.84

n/Ð. Às shown in Fig. 8.6, ihe data repeated very wel1,

especially at the high liquiC velocites.
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Appendix F

TÀBULÀTED DÀTA

This appendix presents the two-phase experimental data.

The water-air data are given in Tab1e F.1, the glycerine &

water-air data in Tab1e F.2 and the silicone-air data in

Table F.3. The data for each liguid-air mixture are given

in the order of increasing air flow rate for each liquid

mass flow rate. For each test the data are tabulated in the

following order:

-The first two lines give the values of

quantities:

ML = water mass flow rate

MG = gas mass flow rate

QFLUX = average heat flux
h-oD

NUTP = average Nusselt number = -Ëj-,,L
HTP = average two-phase heat-transfer

coef f ic ient
PTD = total pressure drop across the

heated test section

PDF = frictional pressure drop across

the heated test section

ALFÀ = void fraction lby using

Chisholm' s( 14) correlationl

the following

rs,/hr
lb /nrm'

Btu/hr. ft 2

atu/:nr. tt 2.or

rbf /ín2 .

Lbf/ín2.
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WE Weber number

and

TOUT = measured outlet temperature (at

two locaÈions) of the mixture

leaving the heated test section

-The next three lines give respectively the

outlet and mean values [ ( inlet + outLet) /2]
following quantities:

TMIX = mixture temperature

[t (calculated) ]-o
RESL = superficial liquid Reynolds number

RESG = superficial 9as Reynolds number

P = pressure

PRL = liquid Prandtl number

PRG = gas Prandtl number

vsl, = superficial liquid velocitY

vSG = superficial gas velocitY

oF

inIet,
of the

oF

Lb /ín2.

t r/s
tt/s

Àtl properties are taken at mean bulk temperatures

-Then, the

below are

the test

RESL =

VSG =

TBULK

Iocal values of the quantities Iisted

given at seven locations (z in.) along

section

superficial Iiquid Reynold number

superficial gas velocity

= bulk temperature of the mixture

f.r/s
oF
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Tl{ = waII temperature oF

NUTP = two-phase Nusselt number

HTP = two-phase heat-transfer coefficient Btu/hr.ft23r



Table F.1

Water-Air Tabulated Data

w1 .1 FLOW PATTERN:SLUG

MG= 0.54 QFLU>!= 649c NUTP= 45-4 HTP= 418

347

PDT= 0.21 3

OE RPDF=-O .O27 ALF.À=O.759 wE= O.52 TouT(MEÀS): 95.2,

TEST NO:

ML= 48

I NLET
OUTLET
MTÀN

TEST NO:

ML: 48

I NLET
OUTLET
MEÀN

TMIX RESL
66.5 645
98.6 946
a2.6 796

RESL
667
695
728
768,
832
886
904

RESG
407.5 1

389.2 1

398.4 1

PRL
7.O
4.8
5.8

P
5.1
4.9
5.0

PRG
o.710
o.707
o.709

vsL
o. 185
o. 186
o. 185

vsG
1.75
1 .95
1 - 84

vsG
3-49
3 -94
3 - 70

vsG
5.14
5 .82
5 .44

NUTPz TBULK
69. O
72 -1

TWÀLL

TBLILK TT^7ALL

RESL
684

1011
847

RESL
709
740
779
425
899
961
942

w1 .3
MG= 1 .56 QF¡-ux=

TMI}( RESL
70.9 685

105.6 1016
aa.3 8sO

RESL
710
741
780
426
900
962
983

VSG
1 .68
1 .69
1.70
1.72
1 .75
1.77
1.78

45.
42.
40.
47.
64.

HTP
435.0
454.o
4t8.0
392.O
378.O
440-O
600-0

HTP
331.O
310.0
326.O
353. O
430. o
6?1 -O
853. O

48.
49.

83.8
86. 3
91 -2
96 -7

104.2
107.4
105.3

75 -B
80.1
87. O
92-6
94-4

o
5
5
o
5
o
È

2
4
7

11
16
21
22

o
9
I
6
I
1

o

w1 .2 FT,O9.¡ PATTERN 3 SLUG

MG= 1.06 QFI-UX= 7012 NUTP= 44-9 HTP= 418 PDT= O'13O

PDF=-O. O49 ÀLFA:O.821 wE= o.53 TOUT(MEAS ) =1 03.6, 1 03. 1

TM] X
70.9

105.1
88. O

RESG
794 -A
761 -2
780. o

PRL
6-6
4.4
ri¿

P
15.0
14-8
14 -9

4-8
4.7
4.8

PRG
o.710
o.706
0.708

vsL
o. 185
o. 186
o - 186

z
2.O
4-5
7.5

11.O
16.s
21 -O
22-5

vsG NUTP
36.4
33.9
35-4
38 - 1

46. O

65.8
90. 1

3-37
3-40
3 .43
3 .46
3 .52
3 .57
3. s8

73.
77.
81.
86.

6
1

3
?
9
2
3

94 .7
99 .7

102.8
106. 1
110 .2
111.5
110-5

93.
100.
102.

TEST

ML=

r NLET
OUTLET
MEÀN

NO3

48

FLOW

7144 NUTP=

PÀTTERN: SLUG

44.1 HTP= 411 PDT= O.1 1 O

PDF:-O.04O ÀLFA=O.849 WE= o. 53 TOUT(MeaS )=1 03 .6, 103.2
RESG

1175-O 1

1119.2 1
1147 -1 1

PRL
6.6
4.4
5.4

TWALL
98.8

101 .1
1 03. O
107 .9
111.3
111.7
110.2

PRG
o.710
o.706
0.708

VSL
o. 185
o. 186
o. 186

P

I{UTP
31 .3
32 .4
36.1
35.9
44.6
66.7
97.7

\¡SG
s. oo
5. 04
s. o8
5. 14
5.22
s.2a
5.31

z
2.O
4.5
7.5

11.O
16.5
21 -O
22.5

TBUT.K
73.8
77.2
81.4
86.3
94-O

100.3
102-4

HTP
285.O
300. o
332.O
333. O
417.O
630.0
925.O



TEST NO! w1 -4
ML= 48 MG= 2-O1 Qrr.UX=

PDF=-O.OO5 ALFÀ=0.865 ws=

348

E.LOW PÀ'T'rERN: SLUG

5988 NUTP= 45.5 HTP= 422 PDT= 0.130

o.52 TOUT(VEaS ) = 97 .3 , 97 .1

I NLET
OUTLET
MEÀN

TMTX RESL
70. o 676
98.6 946
84-3 811

RESL
697
723
755
793
854
905
922

RESL

710
744
784
849
903
92'l

E'LOW

5784 NUTP=

RESG
1515. O
1 454 .7
1 484 .9

P
14-
14.
14-

9
7
I

\¡SG
6.59
7 -25
6 -47

PRL
6.7
4.7
5.6

o
o
o
o
o
o
o

PRG
o.710
o.707
o.708

VSL
0.185
o. 186
o. 186

32 -7
35 - 635.9
48 .2
71 .4
92-3

97 -1100.9
102-6
103.5
103.2

SGv
6
6
6
6
6
6
6

o
5
5
o
5
o
5

z
2.
4.
7.'t1.

16.
21 .
22.

.42

.46

.51

.56

.65

.73
-75

TBULK
72-3
75 -2
7A.8
a2 .9
89.3
94 .5
96-3

TWALL
92.6
95 .2

TWÀLL
87 -4
91 -4
93.5
97 .8
99. s

100.2
99 .7

NUTP
32 .3

NUTP
39 .4
36.8
39.5
38. B

-4
.6
.6

HTP
294.O
299.O
326.O
331.0
449 -O
669.O
867.O

PDT: O.1 55

95-3
\/SG
7 .93
8.69
8 -25

TEST

ML=

PDF=

INLET
OUTLET
MEÀN

NO: w1 .5
48 MG= 2-41 9FLUX=

0.O31 ÀLFA:0.876 wE=

RESL
668
925
796

RESL
688
713
744
781
840
889
906

VSG

TMI}(
64.2
98.1
83.2

RESL
660
940
aoo

PÀTTERN: SLUG

52-'l HTP= 483

o-52 TOUT(MEÀS)= 95.7,

PTM IX
o
5
a

RESG
1a19.0 1

1750. 1 1

1785. O 1

PRG
o.710
o.707
o.708

vsL
0.185
o. 186
o - 185

4.9
4.8
4.8

69.
96.
e2.

PRL
6.8
4-8
5.7

53
B5

122

7 .66
7.71
7 -77
7 -84
7.94
8. O3
8. 06

z
2.O
4.5
7.5

11.0
16.5
21 .O
22.5

TBULK
71-3
74-2
77 .6
81.6
87.8
92-9
94-6,

PRG
o.710
o.707
o.708

HTP
358. O
335. O
362.O
357.O
496.O
801.O

1 149. O

414 .
436.
448.
491 .
652.
a23.

VSG
9.10

10. oo
9 .48

TEST

ML=

PDF=

I NIJET
OUTLET
}4EAN

NO¡ w1 -6
48 MG=

FLOW PÀTTERN 3 SLUG-CHURN

2.77 QFLUX= 6351 NUTP= 53.2 HTP= 492 PDT= 0.173

0. O57 ALFÀ=O.884 wE= o.52 TOUT(MEAS)= 97.3, 97.O

RESG
2095. O 1

2008.4 1
2052.O 1

P vsL
o. 185
0.186
o - 185

PRL
6.8
4.7
5-7

4.9
4.8
4.9

45 .4
47 .6
48.6
52.4
69.6
87 .6

86.9
89. 1

92.O
96. 1

101 .7
104. 1
103.9

642
z

2.O
4.5
7 -511.0

16.5
21 .O
22 .5

vsG
8.78
8.84
8.92
9.01
9 .14
9 .26
9.30

TBULK
70.7
73.8
77 .5
81 .9
88.7
94.3
96 .2

TWALL NUTP
42 -9

HTP
389.



ML= 48 MG= 3. OO QFLUX=

PDF'= o. 063 ALFÀ=o.889 wE=

3â,9

F.LOW PATTERN ¡ SIJUG-CHURN

6342 NUTP= 59.9 HTP= 553 PDT: O.175

o.52 TOUT(l"fEes)= 96.4, 96.3

TMIX RESL
67.5 654
97.2 932
a2.3 793

RESL
676
703
737
777
841
895
914

TMTX
65.1
99 .9
a2 -5

RESL
633
958
'7 96

RESL
6s9
692
732
780
857
922
945

RESG
2272.O 1

2178.6 1

2225.8 1

P
4.8
4.6
4.7

PRLP
6
4
E

vsL
o.185
o.186
o.185

RG
o.710
o.707
o.708

\¡SG
9.83

10.82
10.27

HTP
551 . O

542. O
499.O
519.O
556. O

630. O
706.O

PDT= O. 1 51

99.6

INLET
OUTLET
MEAN

.9

.8
-8

93.
99.

103.
104.

73.1
76.8
81 .1
87 .9
93. s
95.4

vsG
9. s8
9-65
9 -73
9.83
9.98

10.10
10.14

z
2.
4.
7.'t1.

16.

3
9
1

1

9
3
4

o
5
5
o
5
o
5

o
5
5
o
5
o
5

TBULK
69.9

TI^IALL
81.
84.
89.

TWÀLL
79.5

PRL
7 -2
4.7
5.9

TWÀIJL
77.8

4
7
4
3
4
7
4

NUTP
60.7
59. 5
54 .6
56.3
s9.8
67 .3
75.3

TEST

ML:
PDF=

21 .
22.

NO:

48

21 .
22-

w1 .8 E.LOW PÀTTERN: CHURN

MG= 8.11 QFLUx= 8252 NUTP= A1.2 HTP= 75O

O. 083 ÀLFÀ=O.932 we= O.52 TouT(veas)= 99-7,

I NLET
OUTLET
MEAN

PRL
7 -1 0
4.6 0s.8 0

734
733

7A.9
79.5
80.3
79 .6
84.3
a2 .2
80.6

83.1
87 .4
92.7

100.2
107.1
109.5

26 -2226.52
26.94
27 -36
27 -49

RESG
61 66. O

5868.1
6017 -1

P
14.8
14.7
14 .8

PRG
710
706
708

PRG
o -711o.706
o .708

\¡SL
o-185
o.186
o. 185

VSG
26-31
29-53
27.77

z
2.
4.
7.

11.
16.

VSG
25.7 6
25.97

TBULK
68.1
71 .8
7 6.3
81.4
89.6
96-3
98. 5

P
14.
14.
14-

TBULK
67.
70-

NUTP

NUTP
86.5
84 .6
80.6
81 .7
a2.6
83.4
85. 1

HTP
714.
723 -

745.
772.
759 -

HTP
782.O
769.O
736.O
752.O
768. O
781 .O
800. o

o
o
o
o
o
o
o

TEST

ML:
PDF=

I NLET
OUTLTT
MEAN

NO: w1 .9
48 MG= 13.03 QFLI,}(=

O.095 ÀLFA-O.948 wE=

TMIX RESL
64.5 624
96.7 926
ao.6 777

RESL
6s3
684
722
768
841
903
924

F.LOW PATTERN 3 CHURN_ÀNNULAR

8289 NUTP- A2.A HTP= 763 PDT= O.148

o.52 TOUT(VEaS)= 97.6, 97.5
RESG

991 4. O

9468.2
9691.4

vsvsL (t

32
99
39

2.O
4-5
7.5

11.0
16.5
21 .O
22 -5

vsG

42.
46.
44.

o.185
o.186
o.185

I
7
7

81.6
86.3
91 .1
98 .8

10Ë. o
106 - 9

75
80
87
94
96

i4'1.39
41 .72
42 .10
42 .56
43.27
43. A6
44.06



TEST

ML=

PDF=

I NLET
OUTLET
MEAN

NO3 w1 .1O

48 MG= 1 8. OB OFLUX:
O. 1 40 ÀLFÀ=O.957 wE:

TMIX RESL RESG
65.4 636 1 3733. O

1 00.2 961 1 307 1 .1
a2.a 799 13402 -3

O. 52 ToUT(r'feaS ) =10O.8, 1O0.8

PRG
o.710
o.706
o-708

350

PATTERN:ANNULAR

87.4 HTP= 8OB PDT= 0.184

vsc
5A .64
65.81
61 .89

FLOW

9493 NUTP=

P vsL
o.185
o. 186
o.186

PRL

1
E

2
2
5
7
2

vsL
o.185
o.186
o.185

7.1 0.710
4.6 0.706
5.7 0.708

5.6
5.2
5.4

14.9
14.7
14.4

7 -14-5
5-7

z
2.
4.
7.

11.
16.
21 -22.

RESL
663
697
738
787
866
933
956

RESL
666
701
744
796
874
948
972

RESL
662
695
735
743
860
925
944

vsG
57.24
57.72
58.31
58. 99
60.07
60-96
61.26

vsG
77 -22

TBULK

TBULK
68. 9
72 -8
77 -6
83.1
91.8
98 .9

101-3

TBULK
68.4
72.1
76.6
81.8
89.9
96.6
98 .8

TWALL
79 -2

PRL
7 -1
4.4
5.6

TWALL
79 .4

NUTP
-l 01 .1

ôEO

89.3
8s.3
83. 1

83.0
84 -7

HTP
915. O
873.0
818.0
7A6.O
775. O'7A1.O
799.O

83
88
94

103
110
112

68.5
72 .3
76.9
a2 .2
90.6
97 -4
99.7

5
9
7
4
2
2

o
5
5
o
5
o
5

93.
86.
80 -
?o

80.

84 -7
90.8
97 -4

107.0
114.1
116-4

77.94
78.80
79.81
81.41
82-73
83-17

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

140.2'r15.8
97 .1
85. 1
76.8
74.9
75.4

a4.2
91 . O
98. 1

108. O
115.O
117.1

12
12
12
13
13
13

z
2-O
4.5
7.5

11.O
1 6.5
21 .O
22 .5

TEST

ML=

PDF:

I NLET
OUTLET
MEÀN

TEST

ML=

PDF.:

INLET
OUTLET
MEÀN

TMl X
65 .7

101.4
a3-6

TMIX
65.4
94.2
41.8

RESL
639
973
806

RESG
8730. O
7805.6
e26A - 1

PRG
o .710
o.706
o.708

vsL
o.185
o.186
o. 146

VSG
80-45
90-17
84-73

vsc
133.63
1 45 .57
141.09

NO: w1 .11
48 MG= 24-67 QFLU:{:

O.224 ÀLFA=O.965 wE:

F'LOW

1 1 354 NUTP=

PÀTTERN 3 ÀNNULAR

89.1 HTP= 824 PDT= 0.259

O. 52 TouT(r"re¡s ) =1 02 - 4, 1 02. 5

P

4
4

1

1
1

1

I
9

118.
1 04.

NUTP HTP
1070. o

952-O
854.0
795.0
752.O
751 . O
758. O

NO: w1 . 12

48 MG= 41.1 7 QFLUX:
O.446 ÀLEÀ=O.975 WE:

FLOW PÀTTERN:ANNULAR

12867 NUTP= 90-6 HTP= 835 PDT: 0.472

o.52 Tour(r"¡eas)=1 oO. O, 99.9
RESL

636
941
789

RESG
31272 -O 1

29844.6 1

30558.8 1

P PRL PRG

TWÀLL
78 .4

VSG
124.25

5-52
7.06
8.86
1.73
4.10
4 .90

NUTP HTP
1270.O
1 053. O
888. O
785. O
716.O
704.o
711-O



TE;ST

ML=

PDF:

NO:

48

351

w1 .13 FLOW PATTERN:ANNULAR

MG: 70.03 QFLUX= 15308 NUTP= 72.1 HTP= 662 PDT= 0-902

0.883 ALE'À=o.982 wE= o.52 TOUT(Us¡S)= 96.3, 94-9

I NLET
OUTLET
MEÀN

PRL
7.1 0
4.8 0
s.9 0

'1 34.8
94 .0
74.9
64-5
59. O
59 .2
59. 6

80.2
88.8
97 .3

105.4
114.9
120 .6
122 .3

'7 1.1
75.O
79 .6
86.7
92 .6
94 .6

194
196
199
202
207
212
213

o
5
5
o
5
o
5

2
4
7

11
16
21
22

vsL
0.185
o.186
o.185

PRL
7 -4
5.4
6.3

P
19.3
17 .9
18.6

766
594
s19
486
490
494

97.3
1 04.8
112.5
116.9
118.2

o
1

6

P

817 .
636.
544 -
510.
522.
529 -

91 -4-101.-1
110.'1
119.O
123.7
125-1

715
754
816

o
E

5
o
5
o
5

2
4
7

11
16
21
22

4
o
o
5
1
6
1

o
5
5
o
5
o
5

TMIX RESL
65.2 634
94.6 906
79.9 770

RESL
657
686
721
763
830
886
906

TMI X
65.3
92.4
79-1

RESL
635
8AB
762

RIlSL
6s6
683

RESG
5321 8. O 17
51023-6 16
52121 .2 16

vsG

PRG
.71 0
.7 07
.7 09

PRG
o.710
o.707
o.709

\¡SL
o.18s
0.186
o. 185

vsL
o.18s
0.186
o.185

VSG
212.90
232 .92
222.50

NUTPz TBULK
67 .8

TWÀLL HTP
1219 . O

854. O

683. O

593. O

547.O
553. O

559. O

NO:

48

w1 .14 FLOW PÀTTERN:ANNULÀR

MG: 92.28 QFLU){= 17080 NUTP= 68.2 HTP= 625 PDT= 1.2O1

1 . 1 85 ALF'A:O.985 wE= o.52 Tour(MEÀs)= 94.6, 92.3

.21

.50

.29
-58
.86
-29
-78

RESG
70109.0
67396-2
687 52 .4

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF'=

868
886

RESL
6'36
658
685
717
768
810
824

vsc
240 .61
243 - 68
247.42
251.87
259 -04
265 - 07
267 -12

TBIJLI(
67 .7
70.8
74.4
78.6
85.3
90.7
92 .5

TWALL
81.3

NUTP
136.6
90. o
69 -7
59. 3
5s. o
56. O
56-6

HTP
1236.

HTP
1224-

vsG
259 -77
294.96
2A2 -96

vsG
313.03
339. O5
322-12

PRLP
7.1
4.9
6.O

18.1
16.9
17 -5

z

NOs

48

w1 .15 FT-OW PÀTTERN : ANNULÀR-MI ST

MG=113.17 9FLUX= 15668 NUTP= 65"1 HTP= 594 PDT= 1.464

1.451 ALFA=O-987 wE= 0.52 Tour(MEAS)= 87.9, 85.9

0
o
o
o
o
o
o

o
o
o
o
o
o
o

I NLET
OU1rLET
MEÀN

TMI X
63-4
a7 .3
75-4

RESL
619
835
727

RESG
86220.O
83292.8
847 56 .6

PRG
o.711
o.70a
o.709

z
2.
4-
7.

11.
16.

vsG
275.
279.
2A3.
249.
297 

"304.
306.

TBULK TWALL
78.1
aa.2

NUTP
135 .7
84.7
65.4
s6. 9
52 .8
52.9
s3.3

65
68
71
74
80
84
86

99
53
87
o3
3A
45
85

21 .
22-



352

w1 .16 FLOW PATTERN 3ÀNNULÀR-MIST

MG=156.90 QFT.UX= 15659 NUTP: 62-7 HTP= 57 1

3.121 ALFA=0.99O wE= o.52 1lour(uees): 83.0,

NO:

48

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TMIX RESI, RESG
63.7 621 119502.o
83.4 799 116114.O
73.6 710 11'780a-2

P
21 -7
18.5
20 .1

PRL PRG
-71 1

.708

.710

vsL
o.185
o. 185
o. 185

VSL
1.O33
1.O32
1.o32

PDT= 3.132

a2 .5
vsG

383. O2
436 .66
425 .12

7.4 0
5.7 06.s o

z

4.
7.

11.
16-

TBULK

FLOW PÀTTERN:SLUG

7 312 NUTP= 7 6 .'l HTP= 6c-7 PDT= o - 449
-l 5.88 Tour(veas)= 73.2, 73-1

NO: Vtz - 1

267 MG= 0.62 QFLUx=

O. OO3 ALFÀ:O.553 wE=

TMIX RESL
63.6 3461
70.2 3782
66 -9 3621

RESL
3487
3520
3 560
3607
3680
37 41
37 62

No3

267

TMI}( RESL
63. O 3429
69.5 3748
66.3 3s88

SLRE
635
653
674
700
741
775
786

RESI-
3455
3488
3527
35-14
3647
3 708
3728

vsG
342.94
349.65
357 -93
367.99
384.75
399 .41
404.50

TWÀLL
77 -4

TWÀLL
74.3

NUTP
141 .9
80.7
61 -4
53.9
50.6
so.9
51 .1

HTP
1279.O
729.O
557. o
491.O
464.O
468. O
47 1-O21 -

22-

o
5
5
o
5
o
E

88. 6
97 .4

104 - 6
111.1
114-6
115.6

65-3
67 .4
69.e
72.7
77.2
80.9
a2-1

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML:
PDF=

r NLET
OUTLET
MEÀN

RESG
4-7 1-4
466 -e
469 .1

RESG
695.8
689. O
692 .4

P
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MG= 1.29 OFLUX= 7305 NUTP= 81.4 HTP- 735
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VSG
4.18
4 .13
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774.O
803. O

HTP
76'5-O
803. O

784.O
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NO: w2.4
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O-107 ÀLFA=O.681 wE=

TMIX RESL
62.9 3426
70 .9 381 3
66.9 3619

FLOW PÀTTERN:SLUG

8439 NUTP= 85.6 HTP= 773 PDT= 0.425
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7.5
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14 .3
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1.O32
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7 -19
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1663.O 14
1644.3 14
1654.o 14

7
4
5

P

K
5
3
3
4
3I
3

PRL P
7.5 0.7
6.7 0.7
7.1 0-7

1

1
1

vsLRG

NUTP

1 . O33
1 -O32
1.O32

z
2.O
4.5
7.5

11.0
16.5
21 .O
22.5

75.3
76.5
77.7
79.5
80-6
81 . O

TBUL
63.
64.
65.
66.
68.
69.
70.

6.94
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NO: w2.6
267 M.G=

E.LOW PÀTIrERN : SLUG-CHURN

2.56 QE.LU}i= 8833 NUTP: 90.7 HTP= 819 PDT= 0.314

0.057 ÀLF.A=O.743 9tE,= 15.87 TOUT(¡aBeS)= 71.O, 71.3
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70.4 3793
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RESL
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3526
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RESL
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FLOW PATTERN:ÀNNULÀR

1 61 O6 NUTP:202.5 HTP=1 840 PDT= O.7OO

15.97 ToUT(MEÀs): 79.2, 79.2

RESG
134. O
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6.1 0
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15 .4
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62.10
62.65
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NO: w2.14
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0.682 ALEÀ=O.9OO WE=

F'LOW PATTERN: ÀNNULÀR

1A626 NUTP=248-O 
'llfP=2259 
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16.0O TOUT(MEÀS): 79.9, 80.O
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15.5
15-9

o
o
4

7.3 0
s.9 0
6-6 0

z
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

RESL
3545
362A
3728
3846
4036
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w2.15 FLOhI PÀTTERN:ÀNNULAR
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4696
40€}6
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4300
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RESL
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4.5
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16.5
21 .O
22 .5

vsG
34
53
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.47

.82
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RESG
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42845 - 3
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65.6
67 .7
70.1
73.O
77.5
81 .2
a2-4

TBULK
6s.9
68-4
71-4
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80.5
85.O
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TWÀLL
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94 .9
96.4
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309.1
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337.2

HTP
2783.O
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75 -7
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NO: w2.16
267 MG= 5A.27 QFLU>(=

1.804 ALFÀ=O.933 wE=

FLOW PÀTTERN:ÀNNULÀR
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1 .034
1 . O33

vsL
1 .033
1 . O33
1 . O32

1 58.90
178. 18
163.79

z
2.O
4.5
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PDF= 2-766 ALFA:O.952 wE=
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P

20. o
17.2
18.6

PRL
I NLET
OUTLET
MEAN

1829.0
1 587. O
1365-O
1 255. O
1228.O

4
1

3
o
I
2
o

202.
175.
149.
137 .
134 -

7 4.2
77.8
81.8
87 .6
92.O
93 .4

6s. 1

67 .1
69. s
73.2
76'.3
77.3

z
2.O
4.5
7.5

11.O
16.5
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NO: W2.18

267 M.G= 1 1 5.50 QFLUX=

2.9O5 ALF'À:0.955 wE-

358

FLOT^¡ PÀTTERN : ÀNNULÀR_MI ST

19693 NUTP=148.7 HTP=1348 PDT= 2.951

15.94 Tour(vees)= 78.8, 73.9

TEST

ML-
PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF=

TMI X
61 -7
77.8
69.8

TMI X
67 -O
69. 5
6A -2

RESL
3369
41 62
37 65

RESG
a8223 - O

86169-6
87 1 95.5

vsL
1 - O33
1 . 033
1 -O32

VSG
291.4O
343.83
313.35

P
20.
17.
18.

PRL PRG
4
5
9

7
6
6

o.711
o.709
o.710

6
1

I

197
161
139
120
113
118

4
7
2
6
I
9
1

84.
90.
94.
95.

z
2-O
4-5
1=

11.O
16.5
21 -O
22 .5

RESL
3433
3513
3610
37 24
3907
4059
41 11

vsG
267.OO
272.OO
278.21
285.7 6
298 .34
309.3s
3'l 3.17

TBULK
63. 1

64.7
66 .7
69. 1

72.8
75.8
76.8

TWÀLL NUTP
259 -

PRG
o.710
o.710
o.710

HTP

76.O
57.O
67.O
95. O

34. O

80. o

71.
75.
80.

9
1
2
I
2
1

o

36. O23
17
14
12
10
10
10

NO:

2699

w3. 1 F.LOW PÀTTERN: BUBBLE

MG= o.42 oFLUX= 2e 042 NUTP=272.7 HTP=2469 PDT= 1-790

O.Ag7 ÀLFA=O.1O1 wE= 1619.OO TouT(¡teeS)= 69-6, 69-6
RESL

36542
37779
37161

RESG
318.4
317.2
317.8

PRL
7.1
6.8
7.O

TWALL
7A .3
78 .5
79.2
79 .6

VSL
10.416
10.410
1 0.408

. o3

.14

.08

vsG
2-58
2.46
2.72

P
19.
17.
18.

SGv
1
1
1

I NLET
OUTLET
MEAN

TEST

ML-
PDF=

T NLET
OUTLET
MEÀN

RESL
36645
3677 3
36927
37108
37 392
37 624
37702

vsG
1.04

TBULK
67.2
67 .4
67 .8
68.1
64.7
69.2
69.3

NUTP
27 8 -'l

NUTP

HTP
2514-O
2524 - O
2448 . O
2441.O
2459 - O
2466 - O
2519.O

L
16
11
10

HTP
2660 . O

2647.O
2621 .O
2610. O
2631 . O
2664 . O

26s1 . O

2
4
3

1 . 05
1 . 06
1 . 08
1.10
1 .12
1.13

z
2.O
4-5
7.5

11.0
16.5
2't -o22.5

80.
ao.
80.

1

5
5

279.1
270.6
269 -7
27 1.4
272.O
277 -9

NO: W3.2
2699 vlG= 1 . 06 QFLUX=

1 .062 ALFA=o.208 WE=

FLOW PAT'fERN:BUBBLE

28053 NUTP=29O"5 HTP=2635 PDT= 1 -849
1621.O0 TouT(Þ¡eas)= 7O.9, 71-O

TMI:<
68.3
70.8
69. 6

RESL
37 201
38446
37 423

RESG
79A.1 19
795.2 17
796 -7 'lI

1
1
1

s
10.4
1 0.4
1 0.4

vRGP
.7
.7
.7

6.9 0
6.7 0
6.8 0

2
4
3

P PRL
o
o
o

293.7
292 .2
2A9-1
287.8
2A9.9
293"8
291 .9

2 .63
2 .67
2.71
2.78
2.43
2.45

2.O
4.5
7.5

11.O
16.5
21 . O
22 -5

RTSL
37 304
37 433
37588
3777 0
3805s
38290
38368

vsG
2 .61

TBULK
68.5
68.8
69 .1
69. s
70. o
70.5
70 -7

TWÀLL
79.1
79.4
79 -A
ao .2
80.7
81 . O
a1 .2



TEST NO: W3.3

ML: 2699 M.G= 1 .61 QFr,Ux=

PDF: 1.262 ALFÀ=O.273 vtB=

359

FLOW PATTERN:BUBBLE

28043 NUTP=3OS.4 t{TP=277O PDT= 1.945

1 621 . OO Tour(veas): 7O -a, 70.9
TMIX

68. 1

70.6
69.4

TMI)t
67 -8
70-4
69. 1

RE
37 112
3835s
37734

RESG
1218.O
1213-7
1215 .9

PRG
o.710
o.710
o .710

vsL vsG
3.89
4 .34
4 .11

vsG
4.e9
5.46
5.18

vsG
5.70
6 .39
6. O5

PRLSL P
r NLET
OUTLET
MEÀN

fNLET
OUTLET
MEÀN

RESL
37215
37 344
37 499
37680
37 965
38199
3827 I

vsG
3 .92

19
17
18

TBULK
68 .3
68 .6
68 .9
69.3
69.9
70.3
70.5

TWALL NIJTP HTP
2796.O
2787.O
2746.O
2763.O
2765.O
2785.O
2772-O

10.416
10.411
10-410

6.9
6.7
6.8

vsL
-416
-411
.409

RL
o o.710 10
7 0.710 10
9 0.710 10

P
7
6
6

o
9
9

P
20
17
18

10.416
10-411
10.410

6-9 0.710
6.7 0.710
6-8 0.710

68.
70.
69.

4
9
3
I
2
4

5
5
5

z
308.8
307 -7
303. O

304.8
304.8
306.8
305.3

78-4
78 -7
79-1
79 .4
80. o
80.4
80.6

3 .97
4.02
4. o9
4.20
4.29
4 .32

2
4
7

11
16
21
22

o
5
5
o
5
o
5

o
5
5
o
5
o
È

TEST NO: W3.4

ML= 2699 l¿IG= 2.OB QFLUX:
PDF: 1-383 ALFA=O.313 wE=

F'LOW PÀTTERN : BUBBLE-SLUG

29?39 NUTP:313.9 HTP=2845 PDT= 2.067

1621 -OO TOL'T(MEAS): 70.6, 70.8

RESL
36957
34252
37 605

RESG
1 573. O
1567 .2
157 0 -2

PRG

z
2-
4.
7.

11.
16.

8.
o.
8.
¿.
o.2'l .

22-

RESL
37 065
37199
37 360
37549
37 846
38090
38171

RESL
37240
37375
37 537
37725
38023
38267
38349

vsG
4 .94
4 .99
s. o6
5.15
5.29
5.40
5-44

vsG
5.75

TBULK
68.O
68 .3
68 .6

TBULK
68.4
68.7
69. O
69 .4
70.o
70 -5
70 .6

TWÀLL
7A-3
78.5

NUTP HTP
2454.
2A5
282
281
2A6
2A7

31s.3
315.6
311 .3
310.9
315.6
316-2
312 .9

'79.O
79 .4
79 -A
80.3
80.6

69. O
69 .6
70.1
70.3

o
o
o
o
o
o
o

TEST NO: w3.5

ML= 2699 M.G= 2.45 QFLUX=

PDF= 1.524 ALFA=O.340 wE:

2841 -

F.LOW PATTERN : BUBBLE-SLUG

29239 NUTP=32A.O HTP=2975 PDT= 2.180
1621.OO Tour(rqees): 7o.9, 71.o

TM P
20 .2
18.1
19.1

I>t
2
a
5

RESL
37133
38430
37781

RESG
1853. O
1846 .2
1849.8

vsLRGPPRL
] NLET
OUTLET
MEAN

80.

5.82
5.91
6.O1
6-18
6-32
6 -37

z
2.O
4.5
7.5

11.O
16. s
?1 . O
22.5

TWÀLL
78-1
78
78
79
79
80

NUTP
331.9
330.4
325.7
326.O
327.1
330. ¿
330. O

HTP
3006. o
2993.O
2952.O
2956.O
2969.O
3000. o
2994.O



NO: w3.6
2699 M.G= 2.75 QFLUX=

1 .588 ÀLFÀ=O.359 WE=

360

F.LOW PATTERN¡ SLUG-FROTH

29234 NUTP=326.A HTP=2963 PDT= 2.225

1621.0O TouT(r"¡ees): 7O.7, 7O.8

TEST

ML=

PDF:

I NLET
OUTLET
MEÀN

TMIX
67 -A
70.4
69 .1

RESL
36957
38251
37 604

RESG
2080. o
2072 - 6
207 6.6

.710

.71o,

10.416
10.411
10.409

vsG
6-31
7.09
6.70

vsG
12 .26
13.92
13. 09

vsG
17.76
20.77
19 .25

vsLPRG
710

P PRL
.5 7.o o
.3 6.7 0
.4 6.9 0

20
1B
19

z
2.
4.
7-

11.
16-

o
5
5
o
5
o
5

o
5
5
o
5
o
E

RESL
37 064
37198
37360
37 548
37 845
38089
38170

vsG
6 .37
6.45
6 .54
6.66
6.85
7 -O'l
7 -06

TBULK
68. O

68.3
68.6
69. O

69 .6
70-1
70.3

TBULK
67 .5
67 .4
68. 1

68. 5
69. 1

69.6
69 -7

Th¡^è'LL
77 -8

NUTP
331.O
329.4
325.4
324.O
326 .5
32A .6
327.6

HTP
2996 - O
2986 - O
294e - O

2936 - O

2962 - O

2983. O

2974-O

HTP
3124.O
3096. O
3027.O
3004. o
3016.0
3031 . O
3022. O

78 -1
78.5
79.O
79.5
79 -9
80. 1

21 -
22-

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TMI X
67 -3
69-9
68.6

RESL
36691
37 981
37 336

RESG
4275-O
4259 - 4
4267.6

PRL PRG
7.o o.710
6.8- O.710
6.9 0.710

NO: w3.7

2699 tqG: 5 - 64 QFI-ux=

2-O48 ÀLFÀ=O.48O wE=

FLOW PÀTTERN : SLUG-F.ROTH

29220 NUTP=335-1 HTP=3035 PDT= 2.565

1619.OO TOUT(r.reas)= 70.7, 7c .9

P
21 .6
19.1
20 -4

4
6
o
4
1

6
I

vsL
16
10
o9

10 .4
10.4
10-4

z
2-
4-'t.

11.
16-

RESL
367 9A
36931
37 092
37280
37577
37 420
37 901

vsG
12.39

TWALL
76.8
77.2

TWÀLL
76-7
77;O
77 .6
77.9
78.5
79.O
79.2

NUTP
345-4
342.1
334 .4
331 .7
332 -A
334 -2
333.1

PRG
o.710 10
o.710 10
o.710 10

77.7
78-2
78.8
79.2
79 .4

12-55
12 -75
13 - OO
13.40
13.74
13. A6

21 -
22-

TEST NO: w3.8

ML= 2699 M.G= 9.31 QFLUX-

PDF= 3.1 33 ALFÀ=O.546 WE=

F.LOW PÀTTERN : SLUG-E.ROTH

31596 NUTP=411.5 HTP=3733 PDT= 3.585

1521.OO ToUT(r"rees)= 71-1, 71.3

I NLET
OUTLET
MTÀN

TMIX
68.1-70.9
69. s

RESL
37106
3A507
37 AO7

RESG
7045.o
7016.8
7031 .3

P
24.7
21 .1
22 -9

PRL
6.9
6.7
6.8

vsL
416
411
410

68
69
69
70
70
70

18
18
19
19
20
20

z
2.O
4-5
7.5

11.O
1 6.5
21 .O
22 -5

RESI,
37222
37 367
37542
377 46
3AO67
38331
38419

vsG TBULK
17.98 68.

.27

.63

.o7

.80

.44

.66

NUTP HTP
376,1.O
3757.O
3679.O
3722.O
3736. O
3765. O
3743.O

415.3
414.7
405.9
410 .4
411.6
414.6
412.O



TEST No: w3.9
ML= 2699 MG: 12.88 QFLUX=

PÐF= 3.852 ALFÀ=O.585 wE=

361

FLOW PATTERN : FROTH-ÀNNULAR

31 64 3 NUTP=4 29 .6 HTP= 38 98 PDT= 4 .28,5

1622-OO TOUT(¡ùreeS)= 71.3t 71-6

T NLET
OUTLET
MEÀN

TM]X
68 .4
71-2
69.8

RESL
37238
38642
37 940

RESG
9738.O
9698.6
9718-7

21 .
22.

NO:

2699

RESL
37 354
37 499
37674
37879
38201
344 66
3A 554

RESL
37 397
37 543
37718
37922
38244
38 509
38597

vsc
22.91
23 .32
23 .82
24 .43
25.47
26.37
26.69

vsG
2A-O6
28 .56

TBULK
68.6
68 .9
69.3
69 .7
70.3
70 -9
71.O

TBULK
68.7
69. O
69-4
69.8
70.4
70.9
71-1

TWALL
76-6

TWÀLL
76.4
76.7
77 .3
77 -8
7A-3
78.9
79.1

HTP
3966.0
3935.0
3840. O
3871 . O
3892. O
3935. O
3947 -O

HTP
4123-

vsG
22-60
26 -45
24 -70

vsG
27 .67
32 .97
30 .24

\/SG
29 .64
35.66
32 .62

RG
10
10
10

PRL P
6.9 0.7
6.7 0.7
6.8 0.7

P
26.4
22.6
24.7

vsL
10.4'r6
10.411
10.410

z
2.
4.
7.

11.
16.

NUTP

TEST NO: W3.10 FLOW PÀTTERN:FROTH-ÀNNULÀR

ML= 2699 r{G: 16.17 QF.LUx= 31641 NUTP:44O.9 HTP:4O02 PDT= 4.446

PDF= 4.064 ÀLFA=O.516 wE= 1622-OO TOUT(N¡e¡s)= 7'l -7, 72.O

437
434
423
426
42A
433
434

76.9
77.5
77.8
78 -5
78.9
79.O

E¡

2
5
7
6
o
3

o
5
5
o
5
o
5

4101 .
397 6.
3934 -
4009.
3988.
3953.

29.19
29 .95
31 -24
32.37
32 .77

z
2.O
4.5
7.5

11.O
16.5
21 -O
22 .5

76.42.O
4.5
7.5

11.O
16.5
21.O
22-5

TMIX RESL RESG P PRL PRG
rNLET 68.5 372A1 12231.O 27.5 6.9 0.710
ourLET 71.3 34685 12180.8 23.1 6.7 0.710

vsL
10 - 416
10-412
10.410

NUTP
455.1
452-5
438.5
433.6
441.5
438-9
434 -9

o
o
0
o
o
o
0

TEST

ML=

PDF=

w3.11 E.LOW PATTERN 3 E.ROTH-ÀNNULÀR

MG: 18.32 QF.LUX= 31787 NUTP=455-3 
'lTP:4132 

PDT= 4.900

4.52A ÀLEÀ=O.627 wE= 1623.OO TouT(uees)= 71.8, 72.O

I NLET
OUTLET
MEAN

TMIX
68.6
7'l .5
70 -1

RESL
37 369
38780
3807 4

RESG
1 3850. O
13793.6
1 3822.3

P
29.1
24.2
26 .6

PRGPRL vsL
o.4166

6
6

1
1
1
o.412
o.410

o.710
0.710
0.710

9
6
I

RESL
3-7 485
37 632
37808
38O13
38337
38603
38692

vsG
30.12
30.68
31.38
32.24
33.69
34.98
35-43

TBULK
68.9
69.2
69.5
69.9
70 .6
71 .1
71 .3

TWALL

76-7
77 .3
77 .7
7A.3
78.8
79.O

NUTP
468.8
462.4
452.1
450.1
453.O
457 .4
456.9

HTP
4249 . O
4195.O
4100.o
4085. O
4115.O
4157.0
4154.0



NO: w3.1 2

2699 MG= 19.85 9FLUX=

4.7'l 7 ALFÀ=O.635 WE=

362

FLOW PATTERN : FROTH_ÀNNULÀR

31787 NUTP=470.5 :HTP:4272 PDT= 5.081

1623.OO TouT(r.rEas)= 71.8, 72.1

TEST

ML=

PDE.:

I NLET
OUTLET
MEÀN

TMI X
6A-9
71.8
70.3

RESL
37502
38915
38208

RESG
15001 . o
14939-2
14970-3

P
29.7
24 .6
27 -2

P
30.2
25.O
27 .6

P
30.5
24.9
27 .7

vsL
10.416
10.412
10.411

vsG
31 .47
37.91
34 .63

VSG
32.58
39.39
3s.92

vsG
39.08

PRL PRG
710
710
710

6.9
6.6
6.7

o
o
o

z
2-
4-
7.

11.
16.

o
5
5
o
5
o
5

RESL
37619
377 65
37 941
381 47
3447 1

387 37
38826

vsG
31 -94
32 .55
33.30
34.23
35.79
37. 18
37.67

TWÀLL
76.3
76 -8
77 -3
77 .8
78-4
78.8
79.O

TWALL
75 -9
76.3
76.8
77 .3
78.O
78-4
78 -7

NUTP
492.1
476.8
468.1
462 .7
467 .1
475.2
471 .9

4244.
4321 .
4293.

HTP
4461.
4324 -
4247 .
4200 -

TBULK
69 .1
69 .4
69.8
70.2
70.9
71-4
71-6

o
o
o
0
0
o
0

o
o
o
o
o
0
o

21 .
22-

TEST

ML=

PDF.=

INLET
OUTLET
MTÀN

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TMI X
68 .6
71 .5
70-1

RESL
37 360
38771
34065

RESG
15805.O
15740.2
15772-9

No: w3.1 3

2699 MG= 20.9O QFLUX=

4-904 ÀLFÀ:o.640 htE=

FLOW PÀTTERN : FROTH_ANNULÀR

31'780 N[JTP=478 -4 }{TP=4342 PDT- 5.262

1623.OO TOIJT(ÞreeS)= 71.3, 71.6

vsL
10.416
10.4'l 2
10.410

PRL
6.9
6.6
6.8

PRG
o.710
0.710
o.710

4295.

68.9
69 .2
69-5
69 .9
70.6
71-1
71-3

z
2-O
4.5
7.5

11.O
16.5
21 .O
22 .5

RESL
37477
37 623
37799
38004
38328
38 594
3468 2

vsG
33.07
33.71
34.51
35.49
37 -15
38-61
39 - 13

vsG
39.70
40.50
41 -5142.74
44.84
46.71
47.36

TBULK NUTP
496.5
4AB .2
477 -6
473-3
47 4.4
477.7
47 4.4

HTP
4499.
4426.
4332.
4309.
4342 -
431 4.

HTP
4496 . O

4407.O
4321.O
4283. O

4351 . O

4372.O
4336. O

NO3 w3.1 4

2699 l4.G= 25.27 9FLUx=
5.2O1 ALFA=O.666 wE=

FLOW PATTERN : F.RO'fH-ÀNNULÀR

34528 NUTP=479-3 HTP=4350 PDT= 5.534

1622.OO TouT(veas)= 71.6, 72.1

TMT}t
68. s
71 .5
70. o

RE
37280
3AA1 2
38046

RESG
19113.0
19027 -2
19070.1

SL PRGPRL

47.70
43 - 30

SL
416
412
410

v
6
6
6

o.7'ro
o.710
o.710

9
6
a

10.
10.
10.

z
2.O
4.5
7.5

11.O
1 6.5
21 .O
22 .5

RESL
37 407
37565
37756
37979
38331
34620
3A716

TBULK
68.7
69. O
69 .4
69 .9
70.6
71 .2
71 .4

TWALL
76.4
76.9
77 .4
77 .9
78.5
79. "l

79.3

NUTP
496 .2
486 .2
476.4
472.O
479.O
481.O
476.9



NO: W3.1 5

2699 M.G= 40.73 QFLUX=

7 -006 ÀLF.A=O.703 erE=

363

F.LOW PATTERN ! FROTH-ÀNNULÀR

34522 NUTP=S18.8 HTP-471O PDT= 7.3O2

1623.oo Tour(r'rees)= 71.5, 72.O

TEST

ML=

PDF=

I NLET
OU'TLET
MEAN

TEST

ML=

PDF=

INLET
OUTLET
MEÀN

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TMI>t
68.7
71.7
70 -2

RESL
37379
38910
38145

RESG
30791 . O

30653.1
307 22 .1

P
36.8
29.5
33.1

PRG
o.710
o.710
o-710

RESL
37506
37 665
37855
38078
38430
3871 A
38814

vsG
53. 1 1

54.28
55.76
57.59
60.70
63.51
64.50

TBULK
68.9
69.2
69.6
70.1
70.8
71-4
71-6

TBULK

TBULK
6A .7
69. O
69 .4
69.9
70.6
7't .1
71 .3

TWÀLL
75.8
7 6.4
77.O
77 -5
7A -2
78 -7
79.O

TWÀLL
74.5
75.1
75.8
76-4
77 .2
77.7
77 -9

TWÀLL
75.O
'75-6

NUTP

NUTP
601 .0
574.6
549 .4
541.6
532.4
534 -2
535.5

RG
10
10
10

NUTP
607.4
576.6
553.8
529.5
529.O
527 -3
523.8

HTP
4985.O
4809. O

47 12-O
4654. O

4642 . O

47 14-O
4658. O

vsG
52.20
65.01
58.43

vsG
69.68
85.73
'77 -51

vsG
76.95
94-54
85.54

PRL SL
416
412
411

v
6.9
6.6
6.8

10.
10.
10-

550.1
530.4
519.5
512 .7
510.9
518.4
512 .2

z
2.O
4.5
7.5

11.0
16.5
21 -O
22 .5

No: w3.1 6

2699 M.(j= 64.86 gFLUx=

7 -990 A,LFÀ:0.736 wE=

FLOW PATTERN :FROTH-ÀNNULÀR

34498 NUTP=547.4 HTP-4965 PDT- 8.254

1621.OO TOUT(MEaS)= 70.5, 71.3

TMIX
67.9
71.o
69. 5

RESL
37 023
38545
377 84

RESG
49086. O

48466. 1

4A976.O
\/SG

RESG
55360. O

55113.3
55237.1

P
43.8
35.5
39.7

PRGPRL vsL
o.4167.O O.710

6.7 0.71 0
6.8 0.710

1

1
1
o.411
0.410

70.82 68 -2
72.3 1 68.5
74.17 68.9
76.47 69 -4
80.37 70-1
83.87 70 -6
85.10 70.8

z
2.O
4.5
7.5

11.O
16.s
21 -O
22 .5

RESL
37149
37 307
37 496
37'718
3AO67
38354
3A449

HTP
5442 - O

5204 . o
4979.O
4911.O
4835.0
4853. O
4866. O

No: w3 - 17 FLOW PATTERN :FROTH-ANNULÀR

2699 y.lc= 73.21 QF.LUX= 3451O NUTP=543.8 HTP:4935 PDT= 8.39O

8.1 36 ÀLFÀ=O .747 wE= 16-22.OO ToUT(veeS): 70.9, 71 .8

PRL P
6.9 0.7
6.6 0.7
6.8 0.7

P
44.8
36.4
40-6

37274
38802
38040

5226.
5023.
4805.
480s.
4793.
4763.

76.3
77.O
77.8
78.3
78-6

37974
38324
3861 1

387 07

z
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

TMI X
68. 5
71 .5
70. o

RESL vsL
10-416
10-412
10.410

RESL
37 404
37562
37752

vsG
78.21
79.84
81.89
84-41
88.68
92 .51
93-86

HTP
5503. o

o
o
0
o
0
o



TEST

ML:
PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF=

NO: w4.1

8996 MG=

FLOW PÀÎCTERN:BUBBLE

vsL
34 .719
34 .7 03
34.700

364

vsG
0.63
o.83
o.73

vsG
1 .66
2 .15
1 .89

O.45 QFLUX= 54842 NUTP:692.O HTP=6286 PDT= 8-277

7.306 ÀLFÀ=O.O23 wE= 18043.O0 TouT(vees)= 71.5, 71.6
TMIX RESL

69.8 126505
71 -3 1 28950
70.6't27724

RESL
1 267 08
1 26962
1 27 268
1 27 624
128185
1 24645
1 2A7 98

21 -
22-

NO 3 vt4 .2
8996 MG=

RESG
341.7
341.O
341.3

PRL P
6.8 0.7
6.6 0.7
6.7 0.7

P
33.9
25 .6
29 -7

RG
10
10
10

z vsG
o.64
0.66
o.68
o.71
o.76
0.81
o.82

vsG
1-69

TBULK
69 -9

TBULK
69.9
70. o
70.2
70.4
70.e
71 .1
71-2

TWÀLL
78 .6

TWÀLL
79.2

TWALL
79.2

NUTP
696.8
697.7
691 .6
685.4
691 .1
697.4
689.3

NUTP

NUTP
686.4

HTP
6324 . O

6333. O

6279.O
6225 . O
6279.O
6340. O

6266 - O

HTP
6259 . O
6259 . O

6202 - O

6174-O
6225 . O
6313.O
6227 -O

2
4
7

11
16

o
5
5
o
5
o
5

78.8
79.O
79.3
79 .6
79.8
80. o

70 -170.3
70 - 5
70 -8
71-1
71-2

FLOW PÀTTERN:BUBBLE

57941 NUTP:685.8 HTP:623O PDT= 4.299o.87 QFr.ux=
7 .346 ÀLFÀ=O.041

TMIX RESL
69.8 126432
71.3 129014
70.6 127723

e¡E= 18O43. OO

RESG P
652.5 3s.1
6s1.O 26.4
6s1 .8 30.9

VSG
1.19
1 .22
1 .26
1.31
'1 .39
1-47
1 .50

RESG
984-4
982.1
943.2

TOUT(r.fees): 71.6, 71.7
PRL PRG \/SL
6.8 0.710 34.719
6.6 0.710 34-703
6.7 0.710 34-700

vsG
1.16
1 .51
1 .33

INLET
OUTLET
MEÀN

TEST

ML:
PDF:

NOs

I 996

689.6
689.5
683. 1

679.8
685.0
694-5
684 -9

79.3
79 -679.9
80.2
80.3
80 - 5

TBULK
69-9
70.1
70.3
70.5
70.9
71.1
71.2

z
2.O
4.5
7.5

11.O
16.5
21 "O22 .5

RESL
1 26646
1 2691 4
1 27 237
127613
1 2A206
1 28691
1 288 53

TMIX RESL
69.7 126358
71.3 128940
70.5 127649

RESL
1 2657 2
1 26840
127163
1 27539
1 281 32
1 2ð61 7
128779

w4. 3 FLOW PÀTTERN:BUBBLE

MG= 1.30 QFLUx= 57945 NUTP=674.4 HTP=6126 PDT: 8.707

7 .77 O ALFA=O.057 wE= 1 8042. OO TOUT(MeeS ) =

PRL PRG

71.6,71.7

I NLET
OUTLIT
MEAN

6.4
6.7
6.7

P
37 .1
28 .4
32.8

o
o
o

1

1
1

7
7
7

o
o
o

vsL
34 .7 19
34.703
34.700

685.5
666.2
666.1
674.9
679.4
677.O

79.3
79.8
80.0
80.3
80.5
80.5

1.73
1 .79
1 .86
1 .98
2.09
2 .13

2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

HTP
6229 . O
6222.O
6048. O
6049. O
6132.O
6176.O
615s.O



TEST

ML=

PDF=

INLET
OUTLET
MEAN

TEST

ML=

PDF=

INLET
OIJTLET
ME.å'N

TEST

ML=

PDF=

INLET
OU,rLET
MEAN

RESL
657 4
684 5
7170
7550
8148
8638
8802

RESL
1 2657 4
1 26845
12717 0
1 27 550
1 281 48
1 2A634
1 28A02

RESL
1 26426,
1 26697
1 27 022
1 27 402
1 28000
1 28490
1 2A6,53

vsG
2 .23
2 -292-36
2-45
2-6'l
2.75
2 -AO

\/SG
2.73

vsG
3. Os

TBULK TI.TÀLL
78.8

NUTP

NO: w4 .4

8996 MG= 1.80 QFLUX=

8. O35 ALFÀ=O.073 wE'=

TMI}( RESL
69.7 126358
71.3 128964
70.5 127661

365

F.LOW PATTERN 3 BUBBLE

58497 NUTP=717.3 HTP=6516 PDT= A.957

1BO42.OO TOUT(rqe¡S)= 71.5, 71.6

RESG
1358. O

1 355.8
1357 -3

P
38. 9
to o
34-4

vsL
34.719
34.703
34 .7 00

vsG
2.19
2 -832-49

PRGPRL
6
6
6

.-7 10

.-710

.710
I
6
7

o
o
o

H
7
6
I
9
2
2
6

65
65

724.O
723.1
713 .7
714.6
717.9
71A.O
711.2

7A.9
79.3
79.5
79.8
80. 1

80 - 3

70 -71-
71-

12
12
12
12
12
12
12

z
2.O
4.5
7.5

11.o
16.s
21 .O
22 .5

o
5
2
o
o
7

TP

NO: w4.5
8996 Mc: 2.24 eFLUx=

8-117 ÀLFA=O.087 wE=

TMIX RESL
69.7 126357
71.3 12A964
70 -5 127661

64
64
65
65
64

F.LOW PÀTTERN: BUBBLE

58494 NUTP=725.6 HTP=6591 PDT= 9-O25

18042-OO TouT(r"rees)= 71.5, 71-6
\/SGRESG

1'722-O
171A.3
1720.3

69
70
70
70

70.
71-
71-

P
40.3
31 .2
35.7

PRG
o.7'1 0
0.710
0.710

vsL
34 .7 19
34 .7 03
34.700

9
o
2
5
I
1

2

9
o
2
5
I
1
2

o.o
4.o
o.o
o.o
3.O
7 -o
6-O

PRL
6.8
6.6
6-7

.68

.43

.04
2
3
3

z
2.O
4.5
7.5

11.O
16.s
21 .O
22-5

z
2.O
4.5
7.5

11.0
16. 5
21 .O
22.5

2.AO
2.Ae
2 .99
3 .17
3.34
3 - 40

TBULK TWALL
7A .6
78.9
79.1
79.4
79.7
79 -9
80 - 1

TWALL't8.7
78.9
79.2
79 .4
79.7
79.9
80.1

NUTP
734.6
729 -3
723-1
71'7.1
727.4
730.2
727.6

HTP
6667.O
6620 . O

6566. O
6513. O
6610.O
6638. O
6615.o

69.
70 -
70-
70.

PRL
6.8
6.7
6.7

P
41 .1
31 .9
36. 5

70.
71.
71-

NO: w4.6

8996 MG: 2.61 QFLUx:
8.307 ALF.À=O.096 wE=

.TMI}( RESL
69 -6 126210
71.2 128816
70.4 127513

FLOW PATTERN : BUBBLE-FROTH

58495 NUTP=716.0 HTP=6503 PDT= 9.206

18040.00 TOUT(rqeas)= 71-5, 71.7

RESG PRG
o.710
o.710
o.710

vsL
34 .7 19
34.703
34 -7 00

vsG
2-99
3 .44
3.40

1968.O
1 963 .7
1 966. O

3.13
3.22
3.34
3.55
3.73
3.80

TBULK
69.8
69.9
70.1
70-4

NUTP
723 -O
723.
708.

HTP
6560. O
6562 . O
6432. O
6449 . O
6sO5. O
6571.O
6s33. O

710
716
723
718

7
o
1



INLET
OUTLET
MEÀN

lnEST

ML=

PDE =

TEST

ML=

PDF:

No3

I 996

21 .
22-

NO:

8996

RESG
2146.O
2141.8
2144-2

RESG
3110. O

3103.5
3107. o

P
41 .8
32 .5
37 -1

366

F.LOW PÀTTERN : BUBBLE-FROTH

QF¡,UX= 58459 NUTP:716.8 HTP:65O0 PDT= 9-251

8.358 ALFA:O.1O1 wE= 1BO14.OO TOUT (¡.aeas ) =

PRL PRG

7O.4, 7o.5

w4.7
MG: 2.84

TMIX RESL
68.6 124444
70.1 127036
69.4 125740

RESL
1 24659
1 24924
1 25252
1 25629'126224
'1267 1 1
1 2687 4

TMI}( RESL
69.8 126505
71.4 129087
70.6 127796

RESL
126719
1 26987
127310

7 6A6
a279
87 64
8926

RESL

6
6
6

P
6
6
6

6.9 0.710
6.8 0.710
6-8 0.710

9
I
I

VSG
3.20
4.09
3.63

.71 0

.710
-710

o
o
o

vsL
34 .7 19
34.699
34 .6,96

z
2.
4.
7.

11.
16.

716.4
708-3
713-9
720 -A718.2

VSG
3 .26
3 .34
3 .45
3 .57
3.79
3. 98
4.o6

E

4
6
4
3
I
1

HTP
6660. O

6594. O

6523 . O
6499 . O

6544 . O

6609.0
6569. 0

68.9
69 .'l
69.2
69.5
69.8
70.1
70.2

1 24951
1 2521 I
1 25538
1 2591 3
126502
1 26945
127146

z
2.O
4.5
7.5

11.O
16.s
21 .O
22 .5

o
5
5
o
5
o
5

TBULK
6A .7
68.9
69. 1

69.3
69 .7
69 .9
70-1

TBULK
70-o
70.1
70.3
70.5
70.9
71.2
71.3

TBUI.K

TWALL
77 .6
77 .8
78.1
78 .4
78.7
7A.9
79.O

NUTP
727 -3726.4

HTP
6589. O

6s83.0
6498. O

6423 - O

6476.O
6541.O
651 9. O

w4 .8 E.LOW PÀTTERN : BUBBLE-FROTH

MG= 4.12 oF.LU}(= 57927 NUTP=731-6 1r{.TP:6646 PDT= 9-727

8.A62 ÀLFÀ=O.130 wE= 18044.OO TOUT(VeeS)= 7'l-5, 71-7

P
44.9
35.1
40.o

PRGRL vsL
34 .719
34 .7 03
34 .7 01

vsG
4 .34
5.51
4-90

I NLET
OUTLET
MEAN

TEST

ML=

PDF=

I NLET
OUTLET
MTÀN

I 0.710
6.O.710
7 0 -710

z
2.O
4-5
'E11.0

16.5
2't -o22-5

vsG
4 .42
4.53
4 .66
4.A2
5.11
5.37
5 .46

vsG
6.25
6.39
6 .57
6.79
7.18
7 .52
7 .64

TWÀLL
78-6
78 -7
79.1
79-3
79-6
79.9
80.0

NUTP HTP
6712.O
6712 . O

6597 -O
6s98.0
6646 . O

6680. O

6656. O

739.
739.
726 -

12
12
12
12

7
7
'7

26-
31.
34-

732

FLOW PATTERN3FROTH

57894 NUTP=722.6 HTP=6555 PDT=1 O. 430

18018.0O TOUT(VsaS)= 70-7, 70.8

NO: w4.9
8996 MG: 6"56 QFr,ux=
9-604 .qLFÀ=O.17O wE=

TMI}( RESL
68.8 124738
70.3 127306
69.5 126022

RESG
4959.O
4948.6
4954.2

P
50.4
39. 9
45.1

PRGPRL \¡SL
34 .7 19
34 .699
34.697

\ZSG
6 .14
7 .71
6-90

TWÀIJIJ
77 .6
77.8
78 .1
78.4
78.7
'7A.9
79.O

NUTP
734.9
727.5
719 .4
716.6
721 .1
728.O
723.6



TEST NO! w4.1 O

ML= 8996 MG= 10.25 9F'LUX=

PDF=1 O.471 ÀLFA=O -222 wF,=

I NLET
OIJTLET
MEAN

TMIX RESL
68.9 124845
70.4 127454
69.6 126169

RESL
50 98
53 65
56A 6
6060
6650
7133

TEST NO3 w4.1 1

ML= 8996 Mc= 13.65 QFLU}(=

PDF=1 1 .659 ÀLF.A=9.254 WE=

367

F'LOW PATTERN: F.ROTH

57891 NUTp=741 .1 }{TP:6723 PDT=11 -246
18020. OO TOUT(UEaS ) = 70.7 , 70.8

RESG
7748.O
7730.7
77 39 .5

RESG
10337. O
10313.8
1 0325.4

TBULK
69. O
69 .1
69. 3
69-6
69 .9
70 -2
70-3

TWÀLL
77.5
77.7

TWALL
7 6.3
76-5
76-9
77.1
77 .4
77 -5
77 -7

P
54 .4
43-1
48.7

RLP
6
6
6

PRG vsL
34.719
34.700
34 .697

VSG
8.89

11.15
9.99

vsG
12-51
1 5.68
14 - O5

z
2-O
4-5
7.5

1'1 .O
16.s
21 -O
22 .5

7B.O
78.2
78 .6
78.7
78.9

VSG
9. O5
9.25
9.51
9 .84

10.39
10.88
1 1 . 067294

9 0.7'to
7 0.710
a o -710

.710

.71 0

.710

6.9 0.
6.7 0.
6.8 0.

NUTP

vsL
34.719
34 .695
34.693

HTP
6797 -O
6797 -O
6662 - O

6670.O
6692 - O

6820. O

6727 -O

HTP
6736-O
6651 . O
6561 . O
6543.0
6617 -O
6733. O

6683. O

1

1

1

1
1
1

1

749.9
749.7
734.7
735-4
737.4
751 .2
740 -8

FLOW PÀTTERN:FROTH

57561 NUTP=731.3 HTP=6623 PDT=12.401
17990.00 TOUT(Mn¡S)= 69-5, 69.6

TMIX RESL
67.6 122831
69.1 125371
6A -4 124101

RESL
1 23042
123306
1 23623
1 23993
1 2457 6
1 25054
1 2521 3

TMI X REST,
68.9 124961
70.4 127530
69-7 126245

RESL
125174
1 25441
1 257 61
1 261 36
1 267 25
127209
127369

RESG
12210.O
12182.4
12196.3

vsG
1.11
1 .36
1-69
2-O9
2.78
3 .41
3 - 63

vsc
12.74

o3
39

P
58.9
46-4
52.6

P
60.9
48.3
54.6

SGPRGPRL v
10
13
12

I NLET
OUTLET
MEÀN

7 -O
6.9
6.9

o
o
o

.91

.75

.28

z
2.
4-
7.

11.
16.

o
E

5
o
E

o
E

1

1
1

1
1
1

1

TBULK

FLOI^I PATTERN: FROTH

57886 NUTP=754.9 HTP=6849 PDT-12.537
18021 .OO TOUT(rqees)= 70.8, 70.8

67 .7
67 .9
68. 1

68.3
6A .7
68.9
69 .1

NUTP
744.5
734.9
724.7
722-6
730-4
742.9
737 -2

21 -
22-

TEST NO: w4 .'l 2

ML= 8996 MG= 16.16 9F¿ux=
PDF=11-817 ÀLFÀ:O -27'7 WE=

PRL PRG
710
710
710

vsL
34 .7 19
34.700
34.697

r NLET
OUTLET
MEÀN

HTP
6976.O
6922 . O

6782.O
6773.O
686s. O

6883. O

6883. O

.84
13
13
13
14
15
15

z
2.O
4-5
7.5

11.O
16-5
21 .O
22-5

TBULK
69. O
69.2
69.4
69.6
70. o
70.3
70.4

TWÀLL
77 .3
77 .5
77.9
78.1
78.4
78.7
78.8

NUTP
769.6
763-4
747.8
746.7
756.4
758.1
758. O

.61

.31

.55



e¡4.13 F.LOW PATTERN: F.ROTH

MG= 22.80 QFLUX= 60551 NUTP=748.7 HTP=6803

368

PDT=1 3.6O3
72 - 1PDF=12 -931 ALFA:o.325 wE= 18049. OO ToUT(Þrees ) = 71 .9 ,

TEST NO3

ML= 8996

INLET
OUTLET
MEAN

TMIX RESL
70. o 126800
71 .6 1 29501
70.a 128151

RESL
27 024

o5
42
36
55
63
33

RESG
17207.O
17166.7
17't 87 - 1

P
6s.3
51 .7
58. 5

PRG
o -710o.710
0.710

VSL
34.719
34.704
34.701

vsG
16.50
20.74
1El.55

PRL
6.8
6.6
6.7

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

vsG
16 - 80
17.18
17.67
18 .27
19.30
20 .24
20 .57

TBULK
70.1

TWALL
78.8
79.1
79 .5
79.7
80. 1

80.3
80.3

NUTP
770.4
7 60.6
7 45.6
742.7
742.O
750.1
756.8

HTP
6994.1

1

1

1
1
1
1

70.3
70 -570.8
71-1
71.4
71 .5

273
276
280
246
291
293

6906.
6772.
6748-
6745.
6822 -
6884.

o
o
0
o
o
o
o



369
Iable F.2

Glycerine & tr{ater-Air Tabu}ated Data

G1 . 1 E.LOW P.qTTERN: SLUG

MG= O.4O QFLUX= 1640 NUTP= 9.6 HTP= 56 PDT- O'O73

PDF=-o .128 ALFA=O.798 WE= o.09 TouT(veas)=1 1 1 .O' 1 10. 2

PRL PRG vsL
o.073
o.074
o.074

TEST NO:

ML= 21

INLET
OUTLET
MEÀN

TEST NO:

ML: 21

I NLET
OUTLET
MEAN

TMIX
73 -O
98. 1

85-6

TMI X
72 -7
a5.9
79-3

TMIX
72.6
92.6
a2-6

RESL
35
56
45

RESL
34
46
40

RESL
34
52
43

RESG
299.6
2A9.2
294 .4

P

TBULK TWALL
108.
115.
120 -

58.5 0.709
33.O O.705
42.7 0.707

16.3
16.3
16.3

\¡SG
1.16
1.25
1-20

HTP
51.
46.

PDT= O. OO1

93.9
VSG
2.48
2.54
2 .53

z RESL
37
41
45

RESL

RESL
36
3A
41
44
49
53
54

vsG
1-17
1.18
1 .19
1.20
1 .22
1.24
1-24

\/SG
2-49
2.50
2 .51
2.53
2 .55
2.57
2"s8

vsG
3.51
3.53
3. s5
3 .57
3.61
3.63
3 .64

RESG
561.6
551 .1
556.3

PRG
o.710
o.707
o.708

VSL
o.073
o-074
o - o73

vsL
o.073
o.074
o-073

46-
47-
55.
80.

104.

NUTP
8.8
7.9
ao

8-"
9.4

13 -7
17 .9

o
o
o
o
o
o
o

o
5
6
1
7
5
1

125 .
129 -
127 -
125 .

3
3
1

I
7
o
4

76
127
167

P
2
o
9
2
1
7
7

o
o
o
o
o
o
o

75.
76.
85.

114.

P'l
I
1

5
6
7
o

2
4
7

11
16
21
22

o
E

5
o
5
o
5

76
80
85
90
99

107
109

50
57
61
62

99.7
101.4
102.1
101 .7

o
E
E

o
5
o
5

G1 .2 FLOW PÀTTERN:SLUG

MG= O.75 QFT.UX: 853 NUTP= 12"6 HTP= 74

PDF=-O .144 ALFA-O.854 WE= o . 09 Tour (MEÀs ): 94 . o ,

z
2.O
4.5
'E

11.O
16.5
21 .O
22 -5

NO:

21

TEST

ML=

INLET
OUTLET
MEAN

P
14.
14.
14.

TBULK
74.5

PRL
60. 1

39.3
48-4

TWALL
92 .2
95. 1

96. O
97 .1
94.9
98 .6
94.4

PRL
60. 1

37 -7
47 .3
TWAT,L

94 -O
95. O
97 -7

91 .
93.

21 -
28-

HTP
48. O

46.O
51 . O

59. O
o
o
o

HTP
68.

3
3
3

4.2
4-3
4.2

NUT
8.
8.
8.

10.
13.

I
6
I
I
9
3

76-
79.
a2.
a7-

36
38
40
43
48
51
52

PDF=-O.148 ÀLFA=O.876 WE=

FLOW PATTERN:SLUG

1332 NUTP= 18.3 HTP= 1O7 PDT=-O.O25

o.09 Tour(r"¡eas): 97.O, 96-6

c1 .3
MG= 1.O5 9FLux=

RESG
788. O 1

765.9 1'777.o 1

PRGP

UTN

.7 10

.7 07

.7 0a

o
o
o

\¡SG
3. s0
3.6s
3.58

z
2-
4.
7-

11.
16.

TBULK
74.7
77 .3
80.4
84. O

89.8
94.5
96. O

11-
12.
13.
14.
19.
29.
40-21 -

22.
173.
234.
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c1 .4 FLOW PAÎTERN:SLUG

MG= 1.46 QFLUX= 1952 NUTP= 18-9 HTP= 110 PDT=-o'o27

PDF =-0.1 33 ALFA=O .A94 WE: O. O9 TouT(r'feas ) =103.5, 103.4

TEST NO:

ML= 21

I NLET
OUTLET
MEÀN

INLET
OUTLET
MEÀN

TEST NO3

ML= 21

INLET
OUTLET
MTAN

TMIX
72.1

1 00.4
a6-2

TMIX
71-7
99. 3
85.5

TMIX
71 .6
9s.3
a3.4

RESL
34
57
45

RESL
33
57
45

RESL
33
54
44

RESG
-r o97. O

1 054.4
1075.9

PRL
60 .4
35. o
45.2

PRL
60. 5
33. 1

43 .4

TWALL
111.8

4.3
8.6
9.7
1.8
1.3
o"1

PRL
61 . O
34 .7
45 -2

vsL
o.o73
o.074
o. o73

vsL
o.073
o.074
o. o73

vsG
4 .87
5.15
5. 02

vsG
6 .42
7.30
7.07

vsG
9.44

10. 02
9.74

100.6
10? .3
106.8
109. O
111.2
111-4
110.5

78.1
82.2
86.9
94 .4

100.4
102 .4

93
96
oo
o7
12
14

4
4
4
5
5
5
5

z
2-O
4-5
7 -5

11.0
16.5
21 .O
22-5

RESL
36
39
43
47
53
57
58

vsG

c1 .5
MG= 2.04 QFLUX=

RESG
153s.0 1

1476.3 1

1505.7 1

VSG TBULK
6. A6 '75.O
6 .92
6. 98
7.05
7 .16
7 .25
7.2A

RESG
213't .O 1

2061 .3 1

2096-5 1

P
14 .2
14.2
14 .2

TBULK'74.8

F'LOW

1 954 NUTP=

TBULK
74-4
77.9
82.1
87 .1
94.4

101 .1
103 .2

PRG
o .710
o.706
o.708

TWÀLL HTP
75.O
80. o
79.O
88. O

116.0
17A.O
243.O

PÀTTERN: SLUG-CHURN

13.8 HTP= 80 PDT=-o"o35

NUTP
.90

TEST NO:

ML= 21

PDF=-O -124 ÀLF.À=O.91 O wE: O. 09 Tour(¡"rees) =1 1 O.4, 1 1 o- O

12 -9
13.8
13.6
15.1
19-9
30.4
41 -6

79
84
89
99

106
109

z
2-O
4-5
7.5

1-r.o
16.5
21 .O
22-5

L

2.O
4.5-t.5

11.0
16.5
21 .O
22 .5

RESL
36
40
45
50
56
60
61

RESL
36
39
43
47
53
58
59

vsG
9 .49

P
4-2
4.2
4.2

11
11
11
12
12
12

1
1

9
o
5
o

o. o73
o.074
o.073

4.2
4-2
4.2

PRG
o.710
0.70s
o.707

PRG
o.71 0
o -706
o-708

HTP
52.O
55. O
56. O

65. O

86. O
132.O
176.O

HTP

8s. o
85. O

90. o
97.O

130. o
158.O

NUTP
9.19.s
9.7

11-2
'l 4.7
22.6
30-2

c1 .6 F.LOW PATTERN : SLUG-CHURN

MG= 2.A3 9FLUX= 1713 NUTP: 16-A HTP= 98 PDT= o'oo5

PDF:-O - O71 ALFA=O -924 l^IE: o. 09 Tour(vsas)=1 0a.6, 1 04. o
L\¡SP

NUTPTbIÀLL
13.5
14 .6
14.7
15.5
16.7
22 .3
27 .1

o
9
o
o
4
3
1

96
97

102
106
1'l 2
1'l 4
114

9.55
9.62
9 .71
9.85
9.96

10. oo

79.O



ML= 21 MG= 4.22 QFLU)(=

PDF':-O. 04B ALFÀ=O.939 WE=

37I

FLOW PATTERNSCHURN

2194 NUTP= 15.5 HTP- 90 PDT= 0.014

O. 1 O TouT(t"fPes)=1 1 6 .2, 115.4

TMI>t
71.O
99 .1
85.1

RESL
33
56
45

RESL
36
41
46
51
Ect

62
63

TMIX RESL
74.1 541
77.O 580
75.6 561

RESL
544
548
553
s59
568
575
574

TBULK
74.9
79.7
85.5
92 .2

102.8
111.4
114.3

FLOW

2449 NUTP=

RESG
3175.O
3052.1
3114.O

PRL
61 - 1

32.O
42-4

TWALL

TT{ALL
87 .4
92 -A

66.
33.
45-
TWALL

90.

PRG
o.710
o.704
o.707

vsL
o. o73
o.074
o.074

vsG
14.06
15 .26
14.68

vsG
1 9.88
19.99
19.94

vsG
27.77
29 .95
28 .90

P
I NLET
OUTLET
MEÀN

14.2
14.2
14.2

INLET
OUTLET
MEAN

z
2.O
4.5
7 -5

11.O
16.5
21 .O
22.5

21 .
22.

G
16

-29
-44
.62
.91
.14

vsG
19.89
19.90
1 9.91
1 9.93
19 .96
19.98
19 .99

RESG
4453. O
4434 .3
4443 - 7

PRG
o.709
o.709
o.709

PRG
710
705
707

vsL
1 .099
1.102
1 .101

vsL
o. o73
o.074
o. o73

vs NUTP
16.8

HTP
98. O

89. O

82.O
81.O
8s. o

108. O
135. O

67.
64.

HTP
171-

-22

14
14
14
14
14
15
15

15.3
14.0't4-o
't4.6
18.5
23-1

97.O
104. 1

112.2
119.1
128.6
131.9
130 -7

TEST NO: G1 .8

ML= 327 MG= 5.94 QFI,UX=

PDF:-o.146 ALFA=O.807 wE=

PÀTTERN: CHURN

1 8.1 HTP: 1 06 PDT= O. O06

20.95 TOUT(rqEeS)=1 07 .8, 107 -1

P
14.2
14.2
14.2

PRL
59.1
s5.3
57 -2

I NLET
OUTLET
MEÀN

TMIX
6'4.2

103.1
85.6

RESL
30

RESG
6313-O 1

6008.7 1

6160.9 1

TBULK'74.3
74.6
75.o
75.4
76.1
76.7
76-9

TBULK
71.8
76.4
81 .9
88.3
98 .4

106.7
'1 09.4

NUTP
36. 9
26.6
21 .1
16.9
13.1
11.5
11.O

98. O
104.3
113.3
119.5
121 .6

z
2.
4.
7.

11.
16.

PHT
o
5
5
o
5
o
5

o
5
5
o
5
o
5

216 -
155.
123 .
98.
76-

o
o
o
o
o
o
o

o
o
o
o
o
o
o

TEST NO: G1.9

ML= 21 MG= 8.34 QF.¡-Ux=

PDE=-O .076 ALFA=O.959 wE:

FLOW PATTERN : CHURN-ANNULÀR

3281 NUTP= 24.3 HTP: 142 PDT=-O.O34

o. 09 Tour(¡qsas)=1 1 1 .2, 1 10.4
PRLP

4-1
4.2
4.2

59
45

oooo
20

z
¿.
4.
7.

11.
16-

RESL
34
38
43
48
56
60
62

vsG
27.96
28 .19
28 .48
28.80
29 .32
29.7 4
29-AA

NUTP

1s0.
139.
134.
136.
144.
149 -

29 .4
25.7
23 .4
22.9
23 .3
24.7
25-6

7
o
4
I
7
6
6

98
105
112
122
129
131

21 .
22-
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c1 .10 r.LOW PAÎ¡TERN:ÀNNULÀR

MG= 13.O3 QFLUX= 3902 NUTP: 24.9 HTP- 145 PDT=-O'034

PDF--O.O66 ALFÀ:O.969 wE= o . 09 Tour (r¡sas ) = 1 07 .8 , 107 .2

TEST NO!

ML= 21

I NLET
OUTLET
MEAN

TEST NO:

ML= 21

INLET
OLITLET
MEAN

TMI X
66. O

101 .7
83.8

TMI>(
64-4
96.4
80.4

TMI}t
63. O
95. 1

79.O

RESL
29
58
43

RESL
26
54
40

PRG
o.710
0.705
o.708

vsL
0.o73
o.074
o.o73

vsG
43 .34
46 .65
4s. o6

RESG
9848. O 1 4
9400 -4 14
9644 .7 14

PRLP
70.2
33.8
47 .5

4
6
4
5
2

79
85
95

103
106

z
2-O
4,5
7-5

11.O
16.5
21 -O
22 .5

3
9
2
3
3
a
9

99-6
1 06.6
1'l 4.2
119.7
121 .5

TBULK
66. O
69.8
74.4
79.7
84.1
94.9
97.2

a2 .90
83 .67
84.56
85-97
87.12
a7 -51

2.O
4.5
7.5

11.o
16.5
21 .O
22 .5

RESL
32
35
40
46
54
59
60

RESL
30
33
36
41
48
53
55

RESL
29
32
36
41
48
54
55

\/SG
43 .62
43.98
44 .41
44 .91
45.69
46.33
46 .54

VSG
60 .21
60.61
6'1 .10
61 .67
62 .56
63 .28
63.53

TBULK
69. 6
74.O

TBULK
67.

94-
96.

TWÀLL
90. o
98 .4

106.9
114.6
123 .7
130.2
132.1

TWALL
a5.2
91 .8

NUTP
32-1
27 -1
24-1
23-O
23 -A
25-2
26-O

NUTP
36.6
31.6
28 .3
26-5
27 .1
29 .9
30.8

NUTP
42 .2
34 .9
30.7
24.9
30. o
3't.7
32.4

7.O
8.0
1.0
4.O
9.0
7.O
2.O

HTP
18
15
14
13
13
14
15

c1 - 1 1 E.LOW PÀTTERN:ÀNNULÀR

MG= 18-15 gFLUx- 3A8O NIJTP: 2A.9 HTP= 16'9 PDT=-O'O17

PDF:-O .O42 ÀLE'A:O.975 wE= o.09 Tour(r-rees): 98.O, 98.O

RESL RESG
2A 1 381 0.0 1

s5 13192 -9 1

41 1 3501 .7 1

P PRL PRG
74.o o-711
37.¿ O.706
52-1 0.708

vsL
o. o73
o.074
0.o73

VSG
59.88
63.65
61.83

\¡SG
81.75
87.70
84.83

70
75
80
a8

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

4.2
4.2
4.2

4.3
4.3
4.3

165.
155.
158.
175 -
179 .

98.
105.
112.
117 -
118.

PRL
7 6.8
37.O
s3. o

TWÀLL
84 .2
91:9

PRG
o.711
o.706
o.709

\'¡SL
0. o73
o.074
o.o73

HTP
213 .
184.

HTP
247 .
204.

6
4
I
1
7

o
o
o
o
o
o
o

o
o
o
o
o
o
o

179.
1 69.
175.
185.
189.

TEST

ML=

PDF:

NO3

21

G1 .12 FLOW PATTERN:ANNULÀR

MG= 25.11 QF¡.ux= 4547 NUTP: 31.6 HTP= 185 PDT= O'O7O

O.O5O ALFÀ=O.98O wt= O.09 Tour(MEAS): 98.5, 98.2
RESG

19145. O 1

1 8283. O 1

18714.4 1

P
I NLET
OUTLTT
MTÀN

vsG
82 .26
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c1 . 13 FLOW PATTERN:ANNULAR

MG= 60.13 QFLUX= 4691 NUTP= 35.O HTP= 2O4 PDT= 0'682

O.67 1 ALFÀ=0.990 wE= o . O9 TouT (MEÀs ) = a4 .2 , 84.1

10EST

ML=

PDF=

INLET
OUTLET
MEAN

TEST

ML=

PDF=

NO:

21

NO:

21

TMIX
60. 1

84.2
72.2

TMI}(
59.8
83.8
71-8

TMI X
60.8
80.6
70 -7

RESL
24
45
3s

PRG
o .711
o.708
o.710

\¡SL
o.073
o.073
o.o73

vsG
178 -07
1 94 .50
186.48

vsG
228 .48
256 .7 5
242.82

RESG
46040. o
44456.9
4524A.8

3
9
4

PRL
84
46
63

P
1 5.6
15.0
15.3

33.
36.
37.

77.
81.
83.

181
183
185
189
192
193

z
2.O
4.5
7.5

11.O
16.5
21.0
22.5

RESL
26
28
30
33
38
42
44

RESL
26
28
30
33
3a
42
44

RESL
26
27
29
31
35
38
39

\/SG
179.43 79.

PRL
85.1
47.2
63.9
TWALL

81.
89.
94-

PRL
83 .4
52 -8
66.8
TWÀLL

a2.4
88.5
92.6
95.6
99 .2

101.8
102.6

NUTP
46.2
36.6
33.3
32-4

HTP
270.
214 .

246.
225.
222 -
233.
248.
254 -

HTP
297.O
247.O
231.O
229.O
235.O
244.O
248.O

TBULK TWALL

.14

.22

.67

.58

.85

.95

RESG
64571.o
62356 - 1

63464 . O

PRG
o.711
o.708
0.710

vsL
o. o73
o.073
o. o73

RESL
24
44
34

RESL
25
41
33

62.
64-
67.
71.

2
I
9
5
2
I
4

86
92
96

101
104
105

4
6
o
3
o
2
1

194 .
189.
197 -
211 -
217 -

o
o
0
0
o
o
o

o
o
o
0
o
o
o

B
1

1

c1 . 14 FLOW PA'ITERN3ÀNNULÀR

MG= 84.30 QFLUX= 6176 NUTP= 4O.9 HTP= 239 PDT: 1'215

1.206 ÀLFA-o.992 wE= O.O9 TouT(r.rees)= A4.O, 83.8
P

INLET
OUTLIT
MEAN

INLET
OUTLET
MEAN

17 -115.9
16.5

7
4
9
o
5
5
5

99.
103.
1 06.
107 .

67 .6
71 .2
7 6.9
81 .6
83. 1

23
23
23
24
24

z
2.O
4-5
7.5

11.O
16.5
21 .O
22-5

vsG
o.75
3 .64
7 .16
1 .35
I .12

2s3 - 83
255.77

TBULK
61 .9
64 .5

FTJOW

6O1 1 NUTP=

PRG
o-711
o-709
o-710

NUTP
52.9
42 .1
38.5
38. O
39.8
42.4
43.5

NUTP
so.9
42.2

\'SL
o. o73
o. o73
0.o73

VSG
284 . 07
326.23
305 .26

HTP
309.

TEST NO: G1 .1 5

ML: 21 MG=1 17.7 7 QFLUX=

PDF= 1.958 ALFA-O.994 wE=

PÀTTERN:ANNULÀR

41.2 HTP= 24O PDT= 1.966

o. 09 Tour (veas ) = 78 .7 , 79.1

RESG
90081 . O
87510.6
887 96 .2

P
19.2
17 .3
18.3

39.6
39.2
40.3
41.8
42 -5

66.6
69.4
73.6
77 .'l
7A-3

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

vsG
2A7 -36
291 .57
296.73
302.93
313.07
321 .75
324.73

TBULK
62.4
64-3



TEST

ML=

PDF=

NO:

21

374

c1 .16 FLOW PÀTTERNsANNULAR

MG=149.33QFLUX-7206NUTP=47.1HTP=275PDT=3.o21

3.01 5 ALFA=0.995 wE= o.09 Tour(MEAS): 78.5, 79.2

I NLET
OUTLET
MEAN

TMI X
62.4
80.4
71-4

TMI X
71 .6
90.6
a1 .1

TMI}(
70.5
89.3
79.9

RESL RESG
26 113941.O
41 1 10992.O
34 1 12466.7

VSG
319 .21
324.97
332.1'l
340.77
355.14
367.67
372.01

RESG
399.7
389. O
394 .3

vsG
1-73
1-74
1.75'l .76
1.77
1 .79
1-79

TBULK
63.9
6s.6
67 .7
70.2
74.1
77.3
7A.3

PRL
79.4
52.4
6s. 3

Tv.TÀLf,
84.
91 .
95.

PRL
62-1
42.7
51 .5
TWÀLL

89.2
90.3
92 -2
94 .1
98-O
99. O
83.3

P
22 .1
19.1
20 .6

PRG
o.711
o.709
o.710

PRG
o.710
o.708
o.709

vsG
314.72
37 4 .21
344.28

HTP
340.
279 -

PDT= O.1 03

88.8
vsG
1.73
1.79
1.76

vsL
o. o73
0.o73
o. o73

z
2.O
4.5
7.5

11.0
16.5
21 .O
22-5

NO3

42

RESL
27
28
30
32
35
38
39

94
96

9
3
2
2
5
I
7

sa.2
NUTP

47 .9
44 .8
44 .1
45.0
52 .6
47 -o

NUTP
25 -5
26 .9
27 .5
28.4
29-4
35.1
80"4

vsL
o .144
0.145
o.145

o
o
0
o
o
o
o

o
o
o
o
o
o
o

262
258
263
307
275

98
101
100
104

c2.1 F.LOW PATTERN:SLUG

MG= O.53 OE'LUX= 2413 NUTP= 25.2 I"ITP= 147

PDF=-O .125 ALE'A=O.772 wE= o.36 TOUT(MEAS)= 89.O,

TEST

ML=

I NLET
OUTLET
MEÀN

INLET
OUTLET
MEÀN

SLRE P

z
2.O
4.5
7.5

11.O
16-5
21 .O
22 .5

HTP
149 .
157 .
161 .
168 .
171 -

SL
69
72
76
81
88

RE

14 .6
14.5
14-5

66
99
83

2
2
2
2
2
2

RESG
562.9 1

547.9 1

555.4 1

TBULK
73.1
75.O
77 -2
79.8
83.9
a7 .3
88.4

TBULK

ML= 42 YIG= O " 75 QFI-UX=

PDE'=-0. 155 ALFÀ:O.793 wE:

FLOW PATTERN:SLUG

2414 NUTP= 3O.8 HTP= 180

o . 36 TOUT (rqpes ) = 88 .4 ,

205.
470 -

PDT= 0.051

88.1
vsG
2.1'7
2.25
2.21

14.
54.

RESL
64
97
81

P
6.3
6.2
6.3

27.9
2A-6
27 .8
29 .5
30.4
36 -7
44.2

72. O
73.9
7 6.2
74.9
83.1
86.6
87.7

.18

.19

.21

o .144
0.145
o-144

63 .9
43.3
52.6

VSLPRL

NUTP

PRG
o.710
o.708
o.709

RESL
67

vsG
2 .17

.22

.24

.25

TWALL
86.7
88.3
91 .1
92 .9
96.7
97 .4
97 -1

PHT

70
74
79
87
93
95

z
2.O
4.5
7.5

11.0
16.5
21 .A
22 .5

o
o
o
o
o
o
o

63.
67.
62.
72.
77.

1

1
1

1
1
2
2



TEST NOS G2.3

ML= 42 MG= 1 .O5 QF¡.UX=

PDF=-O.156 ALFÀ=O.831 WE:

FI,OW PÀTTERN: SLUG

3256 NUTP= 31.9 HTP= 186

o.36 Tour(r-re¡s)= 95.2,

375

PDT= O. 01 3

94.8
VSG
3.45
3.61
3. s3

HTP
160. o
166. O
170.o
179.O
185.0
224.O
276.O

I NLET
OUTLET
MEÀN

TEST NO:

ML= 42

I NLET
OUTLET
ME.ÀN

TEST NO3

ML- 42

INLET
OUTLET
MEÀN

TMIX
70.3
95 .4
a2 -9

RESL
67
72
78
84

TMIX RESL
70.2 64
97 .5 110
83.9 87

RESL
68
74

PRL
63.8
3A -7
49.4

TBULK
72.4
75.1
78."
82. O

a7 "a92.6
94 .2

TWALL
92 .6

PRL
63 .4
35.6
46.8

TBULK TWALL

\¡SL
o .144
o.145
o. 145

P
14 .4
14.4
14 .4

SLRE
64

107
85

94. 5
97 -3

100.2
105.4
107 -2
106. o

3 .46
3.48
3.50
3 .52
3. s6
3. s9
3.61

RESG
790 .1
762.2
776-1

RESG
1 105. O
1 063. O
1084-o

PRG
o.710
o.707
o.708

95
103
105

z
2-O
4.5
7.5

11.0
16.5
21 .O
22 .5

\/SG

PRG
o.710
o.706
o.708

NUTP
27 .5
28 .4
29 .1
30.6
31 .8
38.3
47 .2

NUTP
25.

NUTP
30. s
2A.A
30.7
30.8
34.7
43.O
52.4

\ISL
o.144
o. 145
0.145

\¡SG
4.85
5 .14
s. oo

vsG
6.73
7. o5
6.89

G2 .4 FLOW PÀTTERN:SLUG

MG= 1.47 QFr-ux= 357 1 NUTP= 29.4 HTP= 171 PDT=-O'OO3

PDF=-O. 148 ALF'A=O.855 9ft= O.37 Tour(r"fPas ) =1 o1 .9, 101 . 5

P
14 .3
14.3
14-3

82
90

103
11-1
114

z
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

vsG HTP
146. O
148. O
1 56. O
143.O
176.O
224.O
288. O

.88

.91
o
4
I
5
2
4
3

25
26
24
30
38
49

97.2
100.2
103.1
110.1
112-8
114.7
113.1

72.9
76.3
80.4
85.1
92.6
98.7

100.7

.95
ôo

.06

.11
-13

4
4
4
4
5
5
5

c2 -5 FLOW PATTERN: SLUG-CHURN

MG: 2.O4 QFLUX= 3559 NUTP= 34.O HTP= 199 PDI=-O.O18

PDF:-O .143 ALFA=O.875 wE= o.36 TOUT(MEÀS)= 96.4, 96.1

TMIX
70. o
96.9
83.4

RESL
64

109
86

RESG
1 537. O
1 480 .2
1 508.9

PRL
64 .1
38.1
49.1

PRG
o .710
o.707
o.708

vsL
o .144
0.145
o.145

P
14 .3
14.3
14-3

75.1
78.5
82.4
88.6
93.7
95 .4

6.79
6.83
6.88
6 .96
7.02
7.04

67
72
78
85
96

104
107

z
2.O
4.5
7.5

11.0
16.5
21 .O
22 .5

RESL vsG
6.75

TBULK
72.3

HTPTWA'LL
178
168
179
180
202
251
308

92 .1
96 .1
98.3

102.2
106.2
107.9
106.9

o
o
o
o
o
o
o



ML= 42 l*fG= 2.AZ QFLUX=

PDF=-O .079 ÀLFA=0.893 wE=

3A.7 HTP= 226

o .37 TOUT (veas ) = 99 .7 ,

F'LOW

4205 NUTP=

PÀTTERN: SLUG_CHURN

376

PDT= O-O27

99.7
\/SG
9 .37
9 .91
9.6s

TMIX RESL
70.2 64

101.1 114
85.7 89

RESL
68
74
ao

TBULK
72.8
75.9
79.7
e4.2
91 .1
96.9
98.8

FLOW

4726 NUTP=

RESG
2129.O 14
2038. 1 1 4
2083.7 14

PRL
63.5
36.4
47 .6
TWALL

94. O

PRG
o.710
o.'to6
o.708

vsL
o-144
o.145
o. 145

P
INLET
OUTLET
MEAN

2
2
2

z
2.O
4.5
7.5

11.0
16.5
21 .O
22.5

21 .
22.

vsG
9-41
9-47
9 .54
9 .62
9.75
9.86
9.89

NUTP
33.6
32-4
35.1
37 .5
40 .1
46.4
52 .6

PHT

ML= 42 MG= 4.21 QFLUX=

PDF=-O .026 ALFA:O .912 wE=

196. O
189.O
205.O
219.O
234.O
27 1.O
307. O

98. O
100.2
103.3
109. 1

1'l 2 .5
112.5

88
100
109
111

o
o
o
o
o
o
o

SG
21 .80
23.70
22.78

v\/SL
o .144
o .146
o. 145

P
4.3
4.2
4.3

SLRE
62

118
90

PÀTTERN: CHURN

38.7 HTP: 226 PDT= 0.062

o.37 TOUT(VeeS)=1 03.7, 1 04.2

NO3 G2.A
42 l¡¿G= 6.62 QFLUX:

O.006 ALFÀ=O.93O WE=

TMIX
68.9

1 05. 1

87.O

TMIX RESL
69.6 63

103.1 1 16
86.3 90

RESL
68
74
a2

RESL
68

RESG
3180.O 1

3034. 1 1

3107.5 1

vsG
14. O3
14 .13
14.26
14 .40
14.63
14.82
14-88

RESG
5004. o 1

4754.6 1

4879.3 1

\/SG TBULK
21.96 72.6

PRLP PRG
o.710
o.706
o.708

vsI.
o -'t 44
0.145
o. 145

vsG
94
91
44

INLET
OUTLET
MEÀN

TEST

ML=

PDF=

INLET
OUTI,ET
MEÀN

4.3
4.2
4.2

13.
14.
14-

64.2
34 .4
46-4

242.
232.
216.
213.
227 -
245 -

41 .5
39 .7
37 .1
36.5
38.8
42-O

91 .2
95.6

101 . O
107.7
116.2
121 .7
122 .3

72 .6
76.3
80.7
85.9
94.O

100.6
102.9

91
105
'l 14
116

z
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

TBULK TWÀLL

F.LOW PATTERN: CHURN

5464 NUTP= 44.9 HTP= 262 PDT= 0.076

o - 37 TOUT(Me¡S ) :1 12. 4, 1 1 1 .7

NIJTP
42 .9

HTP
251 .

HTP
256. O
250.O
2s3.O
259. O

26'3.O
282. O

289.O

PRL
64 .8
32.7
44-4
T!-IALL

PRG
0.710
0.705
o -707

NUTPz
2.
4.
7.

11.
16.

o
5
5
o
5
o
5

43.8
42.4
43 .3
44 .3
45.1
49.2
49. 5

93.7
98.9

104.3
110.4
120-3
127 .5
129 .8

77.2
a2.a
89.3
99.5

107.9
110.7

22.16
22.41
22 .69
23 .15
23.51
23 .64

76
86
97

112
121
123



TEST

ML=

PDF:

c2.9
MG= 9.30 QFuux= 6026

377

PÀT,TERN ! CHURN -ANNULÀR

48.8 HTP= 2A5 PDT= O. O7O

TOUT(MEAS ) =1 06.9, 1 06.5

FLOW

NttTP=

I NI-ET
OUTLET
MEAN

O.O12 AI-F.À=O.942 VtE,=

TMI X
68.1

105.6
86.8

NO:

42

21 .
22-

vsL
o .144
o. 145
o. 145

14.4
14.3
14.3

SLRE
60

119
90

93 .1
97 .2

102.4
107 .9
116-6
122-5
125.O

73
82
92

107
116
119

o
E

5
o
5
o
5

\'¡SL
o-144
o.146
o. 145

P
14 .5
14.3
14-4

SLRE
57

119
a8

IX
1

I
9

316-O
306. O
296.O
290.O
300. o
313.0
320. O

7
o
4
2
3
4
5

93.
c¡ c¡

105.
112.
121 .

69.7
74-1
79.5
8s.8
9s.6

103.6
106.3

91
107
117
119

RESI,
66

RESL
65
73
83

vsG
30.64
30.90
31 .20
31.56
32.12
32.59
32-74

vsG
43.03

TBULK
71 .4
75.6
80.5
86.4
95.5

103-o
105.4

NUTP
47 .1
47 -3
46 .9
47 .8
49.O
53. 1

s3.3

NUTP
49-5
47 .7
47 .1
47 .1
48 .2
51 . O

52.6

NUTP
54.1
52.3
s0.6
49.6
51 .4
E2 E

54.8

HTP
275 -
276-
274-

HTP
249 -

vsG
30.44
32.82
31 .67

VSG
42.72
46.38
44-61

vsG
58.80
64.02
61 .50

RESG
7036.O
667 4 .3
68s5.5

o .37
P PRL

66. s
34. O
46-4

PRL
67 -A
33.3
46.1

PRG
o.710
o.705
0.708

2.
4.
7.

11.
16.

TWÀLL

TEST

ML-
PDF:

I NLET
OUTLET
MEÀN

TEST

ML=

PDF:

I NI-ET
OUTLET
MEAN

NO: G2-1O

42 MG= 13.02 9FLU}(=

O.O24 ALFA=0.952 wE=

TMI }(
67.2

107 .3
87 -3

FLO T PÀTTERN : CHURN-ÀNNULAR

7O3O NUTP= 48.4 HTP= 2A3 PI)T= O.O73

o.37 Tour(r"reas ) =1 09. 8' 1 09 -4

P
14.3
14.3
14 .3

SLRE
59

120
90

RESG
9864. O

9323.O
9s93.8

PRG
0.710
o.705
o.708

vsL

o
o
o
o
o
o
o

o
o
o
o
o
o
o

279.
286 -
310.
311 .

o.1/*4
o .146
o. 145

NO3 G2.11
42 MG= 1 8.1 5 QFLU){=

O.O95 ALFA-O.961 wE=

279.
275.
275-
282.
294.
307 .

94 -9
100.4
106.3
112 -8
122-4
129 .3
131.3

87 -3
97 .3

105.5
108 .2

43
43
44
45
46
46

94
109
119
121

z
2.O
4.5
7.5

11.O
16.s
21 .O
22-5

o
5
5
o
R

o
5

.42

.89

.44

.31
-o2
.26

RESG
13769.O
13019.0
1 3394.3

TBULK
70.9
75.4
80.9

F'LOW

76A3 NUTP=

TWÀLL

PÀTTERN:ANNULÀR

51 .6 HTP= 302 PDT= O. 1 35

o.37 TOUT(Þfees ) =1 07.8. 1 07. 5

TM PRL
6'9.9
33.7
47 .3

TBULK T[^?ALL

128 .
130.

PRG
0.710
o.705
o.708

66.
105.
85.

z
¿-
4.
7.

11.
16.

RESL
63
7'l
80

vsG
59.24
59.80
60 .47
61 -26
6,2.49
63.51
63.8s

HTP

21 .
22.



378

c2.12 FLOT.¡ PATTERN : ÀNNULAR

MG= 25.16 QF.LUX= 8349 NUTP= 53.1 HTP= 310 PDT= 0-247

0.21 O ALF.À=O.964 WE= o.37 TOUT(MEÀS ) =1 07 .5,'l 07 . o

I NLET
OUTLET
MEÀN

TEST

ML=

PDF-

TEST

ML=

PDF=

TEST

ML=

PDF:

NO:

42

NO:

42

21 .
22.

NO:

42

TMIX
66.7

103.4
85.O

TMI:<
62.4
90.9
76 -6

TMIX
62.2
88.5
75.3

RTSL

RESL
51
96
74

PRL
6A.9
33.8
47 .1

TWALL
92.O

VSL
o.144
o. 146
o-145

VSL
o-144
o. 145
o .144

VSG
62.11
67.75
65.02

RESG
19079.O 1

18114.6 1

1 8597 .1 1

PRGP
- 710
.7 05
.7 0a

9.0
8.8
8.9

58
117

87

190.13
17 9 .51

52
100

76

6
6
1

P
18.5
16.7
17 -6

o
o
o

85.
9s"

103.
105.

63.19
63 .92
64.76
66. 10
67.20
67 -56

81
91

107
116
119

z
2-O
4.5
7.5

11.0
16.5
21 .O
22 .5

o
5
5
o
5
o
5

89.'r
95.5

101 .5
108.6
1't 3 .2
114-6

49
67
67
82
7A
16

z
2.O
4.5
7.5

11.0
16.5
21 .O
22 .5

RESL
64
71

RESL
56
61
67
75
8B
98

102

RESL
55
60
66
73
85
95
9A

vsG
62-59

vsG
17 0 .27
172-49
175.19
178.40
183 .5'7
187.9'l
189.39

PRL
78 .5
39 .9-
s6. 1

TWALL
82 -A
88.4

PRL
79.2
41 .4
57 -5
TWÀLL

a2 -7

PRG
o.71'l
o.707
o.709

HTP
377.O
343. O

313.0
296.O
293.O
300. o
306. O

HTP
485. O
431.0
393.0
374.O
373.O
389. O
397 -O

HTP
542.O
460. O

409. O

384.0
380.0
39s.0
403.0

\/SG
1 68 .52

TBULK
70.
74.
79.

RESG
4s883.O 't6
44037 .5 1 5
44960.4 16

NUTP
2
6
I
9
5
3
9

64 -5
58 .7
s3.6
50 -7
50 .2
51 -452-4

98.
106.
114.
124 .
131 .
133 -

6
3
o
1
4
E

G2.13 E.LOW PATTERN : ANNULÀR

MG= 60.13 QFLUX= 8727 NIJTP= 67.5 HTP= 394 PDT: 1.060

1 . O41 ÀLFA=O - 982 wE= 0.36 TOUT(MEAS)= 92.9, 93.0

PSLRE
INLET
OUTLET
MEAN

z
2.
4-
7.

11.
16.

TBULK
65. O
68-3
72.2
76.8
84 .1
90. o
91 .9

73-A
67 -3
64-O
63.8
66.6
67 .9

94 .3
100.1
107.5
112-5
114-'l

PRG
o.711
o.707
o.709

NUTP
82.9

NUTP
92.4
78.6
70. o
65 .7
65. O
67 .6
69. O

\/SL
o .144
o-145
o-144

vsG
21 2 .41
246 .36
229.52

c2.14 E.LO9' PATTERN :ÀNNULAR

MG= 84"30 QFLU>(= 9918 NUTP= 70.0 HTP= 409 PDT= 1.728

1.713 ÀLF.A:O.986 wE= O.36 TouT(r,rees)= 90.7, 90.7

INLET
OUTLET
MIAN

RESG
64351 . O

61 944 .1
63147.6

VSG
215.09
218 .
222.
227.
235.
242.
245.

TBULK
64.6
67 .7
71 .4
75.7
82.4
a7 -9
89.8



TEST NO: G2.15
ML= 42 MG=123-27 QF'LUX=

PDF= 2-516 ÀLFÀ:O.989 WE=

PÀTTERN : ANUULÀR-MI ST

65.1 HTP= 380 PDT= 2.52A

0.36 ToUT(MEAS)= 88.9, 88.5

F'LOW

1 1 396 NUTP=

379

vsc
273-53
325. O9
299 - 29

HTP
554. O
431.0
374.O
351 . O

350. O
365. O
372.O

vsc
300.96
361 .72
331.20

HTP
446 -

PDT--O. O2O

78.2
VSG
1 .30
1-32
1-31

INLET
OUTLET
MEÀN

TEST

ML=

PDF=

INLET
OIJTLET
MEAN

NO3 c2.16
42 l"4G=147.99 QFLUX:

3. O1 1 ALFA:O.99O wE=

RESL
52
92
72

RESG
94026 . O
90895.7
92461 -2

vsc
277.49
282.55
288.80
296 .34
308 .77
319.51
323 -21

RESL RESG
55 1 1 2593.0
91 1 091 66.6
73 110880.O

vsc
305.57
31 1 .48
318.80
327 -65
342 .33
3s5. O8
3s9.48

TMI X
62.7
86. O
74-3

TMI X
64 .4
85.7
75.O

vsL
o .144
o. 145
o .144

P
21 .O
18.5
't9 -7

74.
42.
56.

PRL
78.4
42 .9
58. 3

TWALL
8s.2

PRG
o.711
o.708
o.709

z
2.O
4.5
7.5

11-O
16.5
21 .O
22-5

RESL
55
60
65
72
83
92
95

RESL
58

TBULK
64.9
67 .7
71 .1
75. O
81 .1
86.1
a7 -a

9
4
5
I
6
7

3
4
1
1
2
o
3

93
101
107
113
117
118

105
112
117
122
126
127

NUTP
94.7
73.8
64.O
60.0
60. o
62 .4
63 .6

. FLOW PATTERN:ANNULÀR-M]ST
'l 2523 NUTP= 56.2 HTP= 32A PDT= 3-022

O.36 ToUT(rqeas)= 89.8, 90.O
P

23.O
20.o
21 .5

PRG
.711
.7 07
-'7 09

vsLPRL

TEST NO: G3.1
ML= 112 lqG= 0.41 QFLUx=

PDF=-O "397 ALFA=O " 621 wE=

TBULK TT^¡ALL
94-

FLOW PÀTTERN:SLUG

2510 NUI|P= 29.1 HTP: 17O

2 "49 TouT(¡"reas) - 78 "4,

344 -
31 6.
309.
317 .
327 .
331.

76.2
58. 9
54.1
52 .9
54 .2
55.9
56.6

66.6
69 .3
72-6
76.5
82 .5
87 .4
89.1

62
68
75
85
94
97

o
5
5
o
5
o
5

NUTPz
2.
4-
7.

11.
16'-
21 .
22-

o .144
o.145
o-144

70oo
20

o.
o.
o-

5.0
5.0
5.0

o
o
o
o
o
o
o

rNLET
OUTLET
MEÀN

TMIX RESL69.s 16677.1 20073.3 183

202
204

P

HTPSLRE

SL
379
380
380

v

200. o
230-O
158. O
147.O
154. O
169. O
196.0

39 .4
27 .1
25 .3
26 .5
29.O
33.6

1 .31
1.31
1.31
1 .32
1 .32
1 .32

't 69
173
178
184
194

RESG
311 .6 1

308.1 1

309.9 1

PRL
66. 3
53.5
59.6
TWALL

a2 .7
82. O
88.2
90.7
92.O
92.3
90.8

PRG
o.710
o-709
o.709

z
2.O
4.5
7.5

11.0
16.5
21 .O
22-5

vsG
1 .30

TBULK
70.3
71.2
72.3
73.6
75.7
77 .4
78.O

NUTP
34 -3



ML= 1'l 2 MG= O .75 9FLU}(:
PDF:-0.117 ALFA=O.702 wE,:

FLOW

3087 NUTP=

2.49
P

PATTERN s SLUG

35.2 HTP= 206

TOUT(VeeS)= 78.2,

380

PDT= O.179
78.3

I NLET
OUTLET
MEAN

TMIX RESL
68.5 162
77.8 204
73.2 183

RESL
165
170
175
142
192
201
204

TMI>C RESL
68.3 161
80.4 216
74.4 188

RESL
165

TMIX RESL
68.5 162
83.2 229
75.9 195

RESG
1110.O 1
1087.2 1
1098.9 1

RESG
565.5
557.9
561 .7

PRL
68. O

53.6
60.4
TWALL

85.4
86.'1
87 .1
88.4
90.1
91 .4
91 .3

PRL
68.1
50.4
58 -7
TWALL

a7 .8
88.9

PRG
o.710
o.709
o.710

VSL
o.379
0.380
0.380

vsG
2 .39
2.46
2.42

SG
-37

vsc
4.76
4 .92
4.85

14.8
14 .6
14.7

z
2.
4-
7-

11.
16.

o
5
5
o
5
o
5

o
5
5
o
5
o
5

VSG
2 .39
2-40
2.41
2.42
2-44
2.45
2.46

vsG
3.38
3.39
3.40
3 .41
3 .44
3-46
3 .46

TBULK
69 .3

P
14.
14.
14.

TBULK
69 .4

NUTP
32 .8
33. s
34 .1
34 .4
36. 1

37 .6
39.s

HTP
191 . O
195. O
199.O
201.O
211.O
220-O
231.O

HTP
217.O
220-O
223. O
226. O
231 -O
246. O
247.O

HTP
231.O
233.O
237 -O
238. O
246. O
266. O
2A4 -O

70.4
71.6
73.1
75.4
77.3
77.9

TEST NO: G3.3
ML= 112 MG= 1.O5 QFLUX=

PDF:-O.1 65 ÀLFÀ=O.741 Wt=

INLET
OUTLET
MEÀN

INLET
OUTLET
MEAN

21 -
22.

z
2.O
4.5
7.5

11.0
16. 5
21 .O
22 .5

21 .
22.

PRG
o.710
o.709
o.709

PRG
.7 10
.708
-709

vsL
o -379o.380
o.3ao

vsL
o.379
o. 381
o.380

FLOW PATTERN:SLUG

4012 NUTP= 39.2 HTP= 229 PDT= O.O93

2.49 TouT(r"reas)= 40.9, 80.8
v
3
3
3

7
6
6

9
3
9
o
I
2
o

9
5
7
2
6
7

39
40
40
42
45
48

92
93
96
98

100
100

167
174
182
193
209
222
227

RESG
794-1
7AO .4
787.3

47
42

NUTP
37.2
37.7
3A .2
38.7
39.6
42 .2
42 .3

90.3
92.O
94 .6
9s.9
96 -7

70.8
72-4
74.3
77.2
79-6
80.4

171
178
187
201
212
216

TEST NO: G3.4
ML= 112 MG= 1 .47 QFI-UX=

PDF=-O- 141 ALFA=O -776 VIE=

F.LOW PÀT'rERN: SLUG

4903 NUTP: 41 .9 HTP= 244 PDT= O " 082

2.50 TouT(rqees): A3.2, 83.1
PRLP

4.5
4-4
4-5'

67.
47.
57-

60
90oo

L

2.
4.
7.

11.
16,.

SLRE vsG
4.78
4.80
4 .82
4.84
4.88
4.91
4 -92

TBULK
69.8
71 .4
73.2
75.4
74.9
81 .7
42.7

TWALL
90.

NUTP
39-6



381

c3.5 F.LOW PÀTTERN S SLUG_C}TURN

MG= 2.O4 QFLUX= 488 4 NUTP= 44-9 HTP= 262 PDT= 0.094

PDF:-O.1OO ÀLEA:O.8O5 wE= 2.50 Tour(r'rees)= 85.2, 84.8

TEST NO:

ML= 1 12

I NLET
OUTLET
ME,ÀN

TEST NO:

ML= 112

I NLET
OUTLET
MEÀN

21 .
22.

TEST

ML=

PDF=

TMIX
68.5
83. 1

75.8

TMIX
68-4
83.9
76-1

RESL
161
229
195

PRG
o-710
0.708
o.709

vsL
o.379
o.381
o.380

VSG
6.63
6.88
6.76

PRLPRESG
1545
1513
1 529

o
2
4

67 .5
46.1
55. 9

14.5
14.4
14.5

I
6-
o

244
250
256
261
295
313

98
oo
oo

't75
185
196
215
230
235

z
2-O
4.5
7.5

11.O
16.5
21 .O
22 .5

13
13
13
13
14
14

RESL
168

vsG
6.65
6. 68
6.71
6 -75
6.4'l
6.86
6 .87

TBUT,K
69 .9
71 .7
73.8
76.3
80 -2
83.4
84 .5

TWALL
89.9
91 - 3
93.3
95.3

c¡

.o

.1

NUTP
41 .6
42.5
42 .7
43.9
44 .7
50.5
53.6

NUTP
44. o
42.1
43 .3
42.4
44 .1
47.O
49 .5

HTP
243 -

HTP
273.O
278.O
279.O
276.O
249.O
296. O
299. O

1
1

o
o
o
o
o
o
o

0
o
o
o
o
o
o

c3.6 FLOW PATTERN 3 SLUG_CHURN

MG= 2.82 QFLUX: 5209 NUTP= 44.O HTP= 257 PDT= 0-117

PDF=-O .O52 ALF.A-O.831 wE= 2.50 TOUT(UsaS)= 83.4, 83.5
RESL

161
232
'197

RESG
21 34.O 1

2087.4 1

2111.O 'l

PRG
o.710
o.704
o.709

vsL
o .379
o. 381
o.380

9.11
9 .44
9 .24

PRLP VSG
674-6

4.5
4.5

47.
57-

z
¿.
4.
7.

11.
16.

o
5
5
o
5
o
5

253.
248.
258.
274.
249 -

92.4
93-8
96. s
99 .3

101 . o
101.O

RESL
166
174
182
193
209
223
228

60
90
20

I
2
I
2

46.7
47 .6
47 .7
47 .3
49.4
49.1
51 .1

97
101
104
105

.99

.11

.15

vsG
9.14
9.17
9.22
9 .27
9.3s
9.41
9 .43

TBUI,K
69.7
71 .3
73.2
75.5
79 .1
82. O

42.9

TWALL
89.8

TWÀLL
91.O
92 :6
94 -9

HTP
257.
246.

PDT= O. 1 49

86 - 3

NO: G3 .7
112 MG:

FLOW PATTERN:CHURN

4.23 QFI-UX: 5793 NUTP= 44.3 HTP: 282

O.007 ÀLF'À:O.859 wE= 2.50 TOUT(MEAS)= 86.3,

TMI>( RESL
68.4 151
85.4 239
76.9 200

RESL
164

235
241

PRLPRESG PRG
.710
.7 08
.7 09

\/SL
o.379
o.381
0.380

vsG
13 .57
14 .17
13.88

I NLET
OUTLET
MEAN

67.
44.
55.

14.7
14 .5
14.6

3197.O
3119.6
31 58.4

176
187
199
219

z
2.O
4.5
7.5

11.0
16.5
21 .O
22.5

vsG
13.62

69
76
85

TBULK
69.9
71 .8
74.1
7 6.9
81 .1
84 .6
85.7

NUTP



TEST

ML=

PDF:

NO: G3.8
112 MG= 6.64 QFLUX=

O - 076 ÀLFÀ-O.885 WE=

382

FLOW PÀTTERN:CHURN

5463 NUTP= 52.9 HTP= 309 PDT= O.190
2.50 TouT(uees)= 85.8, 86.1

TMIX RESL
68.1 1 60
as.2 234
76.6 199

221
239
245

TMI)< RESL
67 .2 156
87.2 248
77.2 202

RESL
164
174
1e7
202
225
245
251

RESG
5027.O 1
4905.3 1
4966 -3 1

PRL
68.1
45 .3
55 - 6

ÎrBULK TWÀLL

P PRG
0.710
o.708
o-709

vsL
o.379
0.381
o-3ao

vsG
21.27
22 .27
21 -79

vsG
29 .95
31 .57
30.79

vsG
41 -4443.99
42.7 6

I NLET
OUTLE:c
MEÀN

TEST

ML-
PDF=

r NLET
OUTLET
MEAN

TEST

ML:
PDF=

I NLET
OUTLET
MEAN

4.7
4.5
4-6

73.
76-
80.
84.
85.

21 -4621.59
21 .74
21 -98
22-17
22-24

SLREz
2.O
4.5
7-5

11.O
16.5
21 .O
22 .5

a9 .2
91 .1
93.6
96.3
99. s

102.6
103.6

30
30
30
31
31
31

RESL
165
174
186
199

2.O
4.5
7.5

11.O
16.5
21 .O
22 -5

o
5
5
o
5
o
5

vsG
21 -36

PRG
o.710
o - 70a
o.709

PRG
0.710
o.708
o.709

NUTP
51 . O
50.5
50.3
52-O
54 .8
56. O
s6.4

NUTP
s9. 6
60. 1

60.8
61 .9
6s.9
67 .1
67 .8

\/SL
o.379
o.381
o.380

TPH
29
29
29
30
32
32
32

166
175
18s
198
217
234
239

NO3 c3.9
112 MG- 9.33 QFLUX=

O.1 47 ALFA:O.903 wE=

TMIX RESL
67.7 158
85.9 242
76.8 200

FLOW

6391 NUTP=

69.
7't -

6
6
9
E

7
2
3

89
91
93
95
99

102
103

2
4
7
I
1

2
2

8.O
5.O
4.O
4-O
o.o
7.O
9.0

323.
325.
329 -
355-

PÀTTIRN : CHURN -ÀNNULÀR
58.4 FITP= 341 PDT= O-244

2.5O TOUT(MEÀS)= 87.2, 87.1
RESG

7064.O 1

6881.5 1

6973.1 1

PRLP
64.7
44.2
55.2

4 -64.4
4.5

vsG
30. o9

-26
.47
.71
- o9
.41
-52

vsG
4't .66
4't.93
42-25
42 .64
43 .24
43.74
43 .91

TBULK
69 .4
71 .5
74.O
76-9
81.5
8s.3
46.5

TBULK
69 .1
71 .4
74.1
77 .4
82 .4
86.6
88. O

TWALL

PRL
69.4
42.9
54.7
TWALL

89. 6
91.8
94.4
97 .3

101 .2
105. O
106 .2

NUTP HTP
321 -54.9

55-4
55.6
s6.3
60-8
63 -2
64. 3

370.
375.

o
0
o
o
o
o
o

No! G3.1 O F.LOW PÀTTERN : CHURN-ANNULAR

112 MG: 13.OG gFLux= 7212 NUTP= 63.3 HTP= 37O PDT= 0.303

O-22O ÀLFÀ=O.918 WE= 2.51 TouT(MEAS)= 88.7, 88.7
RESG

9497.O
9617.6
9757.8

P
14 .8
14.5
14.7

\¡SL
o.379
0.381
o.380

z
2.
4.
7.

11.
16-

HTP
348. O
351 . O
355.0
362-O
385. O
392.O
396. O

21 .
22.



383

c3.11 FLOW PATTERN:ANNULAR

MG= 18.12 QE'LU}<= 8C94 NUTP= 69.9 HTP= 4OB PDT= 0.405

o.335 ÀLFÀ=O - 930 wE= 2.51 TOUT(VeeS)= a9.9, 89-9

TEST

ML:
PDF=

NO:

112

21 .
22.

NO:

112

I NLET
OUTLET
MTÀN

TMI X
66.7
aa -2
77 .4

RESL
154
252
203

RESG
1 3735. O
13317.3
13526-4

PRL
70-3
42.O
54.4
TWÀLL

89.

PRG
o .7'l o
o.707
o -709

VSL
o.379
0.381
0.380

vsL
o.379
0.381
o-380

vsG
56 .43
60-49
5A-52

vsG
76.44
83.34
80. oo

15
14
14

1
7
9

4
a
1

16 .6
15.4
16. O

P

z
2.
4.
7.

11.
16.

RESL VSG
56.77
57 .20
57 .72
s8.33
59 .29
60. o9
60-36

VSG
77 -05
77 -77
78.64
79.66
81.29
82-65
83.11

TBULK
68 .7
71 .2
74.2
77.7
83 .2
87 .7
89.1

66.
66.
68.
71-
75.
76-

HTP
383. O

387. O
39-1 . O

402.o
419.0
439.O
444.o

HTP
448. O
451.O
456.O
465. O
4A7.O
517. O

526 "O

HTP
526.O
524.O
523. O

530. O
555. O

577.O
s83. O

NUTP
o

5
o
5
o
5

657
o
I
I
5
1

4

92
94
97

102
106
107

162
173
187
203
229
250
256

9
9
3
4
2
5

89.7
89. s
90.7
94.9
9A.7
99.7

67 .4
70.4
73.5
77 .1
a2.a
87 .5
a9-o

11-07
12 .67
14 .57
17.64
20.22
21 .10

E

2
9
9
7
2
o

7
2
1

6
4
4
o

TEST

ML:
PDF-

INLET
OUTLET
MEAN

G3 .12 FLOW PATTERN:ÀNNULAR

I'fG= 25-18 QF'LUX= 9411 NUTP= 81.4 !"ITP= 476 PDT: O.61'7

O.557 ÀLFA:O.941 WE= 2.51 TOUT(MEÀS)= 91 .4, 91 .3

TMIX RESL
66.3 152
89.8 259
7A.O 206

159
170
184
200
227
249
256

RESG-19105. O 15
1847 1 .7 14
187A8 -4 1 5

vsPRLP

NUTP
76

70.9
41 . O
53.9

PRG
0.710
o.707
o.709

L
79
82
ao

o.3
o.3
0.3

98.
103.
107 -
108.

RTSL
161
173
188
205
233
255
262

o
5
E

o
5
o
5

z
2.
4.
7-

11.
16.

TBULK
68.4
71.1
74.4
78.1
84 .1
88.9
90.5

F'LOW

10329 NUTP=

TWÀLL
89.3

RESG
29166.O
28201.1
2A6A3.9

PRL
72.1 0
42.1 0
55.1 0

TWALL
87 .3
90. o
93.2
96 .6

101 .5
105 - 5106.9

77.
78.
79.
83.
88.
90.

NUTP
90 .0

VSG
1 08.71
121 .54
115-23

91 -
94-

21 .
22-

TEST

ML:
PDF'=

INLET
OUTLET
MEAN

NOs G3.1 3

112 t{:G- 38 .41 QFLUX=

1 . O55 ÀLFA=o.953 wg=

TMIX RESL
65.8 1 50
89.1 256
77 -4 203

PATTERN:ANNULAR

92 -A HTP= 543 PDT: 1 .1 03

2.50 TOUT(MEÀS)= 89.8, 89.8
PRGP

.710

.7 07

.7 09

REz
2.O
4.5
7.5

11.O
16.s
21 ^O22 .5

SL vsG
09.75

TBULK
1
1
1
1

1
1

1



TEST

ML=

PDF=

384

NO! G3. 1 4 r.LOW PATTERN:ANNULÀR

112 MG= 60.26 QFT.UX= 11336 NUTP=100.4 HTP= 5A7 PDT: 1 .731

1 .692 ÀLFÀ=O - 963 wE= 2.50 TOUT(¡qeaS)= 88.8, 88.8
TMTX RESL

64.9 147
87.4 248
76-1 198

RESL
155

RESG
4581'l .O 1
44350.3 '1

45080 - 9 1

P
8.3
6.6
7.4

PRL PRG
o -711o.708
o.709

vsL
o .379
0.381
0.380

VSL
o .3't9
o. 381
o-380

vsL
o.379
o.381
o.380

VSG
1 54 .20
17 7 .51
165.94

INLET
OUTLET
MEAN

TEST

ML=

PÐF=

I NLET
OUTLET
MEÀN

73.8
42 -A
56-4

9s.
01.
o5.
o6.

166
180
'196
223

z
2.O
4-5
7.5

11.0
16.5
21 -O
22 -5

\¡SG
1 s6. O4
158.37
161.24
1 64 .67
17 0 .27
175. O5
176-64

VSG
196.16
199-62
203.90
209.O6
217.57
224.93
227.46

TBULK
67.O
69. 5
72 .6
76 -2
81 .9
46. 5
88. 1

TBIJLK

TWÀLL
8s.6
88.6
92-3

PRG
.711
.708
-709

HTP
604. O
s90. o
575.O
574.O
s86. O
604. O
611 . O

H':cP
676.O
635. O
614.O
577 -O
570. O
576. O
552. O

HTP
757.O
683. O
622.O
584. O
561 . O
558. O
s60. o

vsG
1 93.46
228 .7 5
211.08

NUTP

1
1
1

9
3
4
7

103.4
100.9
98-4
94.2

100.3
103.3
104.5

NO: c3. 1 5 F.LOW PÀTTERN 3 ANNULÀR

112 MG= 84.57 QFLUX= 11869 NUTP=1O1.6 HTP= 594 PDT: 2.482

2.45O ÀLFÀ=0 - 969 wE= 2.50 TOUT(MEAS)= 87.6, 87.3

244
251

TMIX RESL
64.7 1 46
85.4 239
75.1 193

RESL'154

RESG
64313.0
62417.8
63365.s

P
20 .4
18.O
19 -2

66 .7
69 .1
72.1
75.5
ao.9
8s.3
86.7

164
177
193
218
239
245

PRL
74.
43-
57-

30
90
30

z
2.
4.
7.

11.
16-

o
5
E

o
5
0
5

TWALL
84. 1

87.7
91 - 3
96. O

101 .7
106. O
108.4

PRL
73.1
45.O
57 -5
TWÀLL

83 - 8

NUTP
115 -7
108.6'105. O

98 -7
97 -4
98 .4
94.5

TEST

ML:
PDF-

21 .
22.

NO3

112

c3. 16 F'LOW PÀTTERN : ANNULÀR-MI ST

MG=109.65 QFLUX= 12667 NUTP=103.3 HTP= 604 PDT: 3.22A

3.199 ALFA:O.973 l{t= 2.5O Tour(ueas)= 86.6, 85.9

INLET
OUTLET
MEAN

TMI}i RESL
65.4 1 49
84.5 235
74.9 192

83
81
82

RESG
297.O
021.3
159 .4

P
22.9
19 .7
21 .3

PRG
o.710
o.708
o.709

vsG
223.44
269.54
246 - 54

z
2.O
4.5
7.5

11.0
16.5
21 .O
22 .5

NUTPvsGSLRE TBULK
129.4
116.9
106.4
99.9
96. O
95-ir
95.9

87.8
92.4
96 .9

102 .8
107 .1
108.3

67 .2
69 .4
72.1
75.3
80.2
84.2
8s. 6

227.32
231 -7 2237.19
243.83
254.87
264.50
267.85

156
165
177
192
215
234
240



NOs G3.1 7

112 MG=137.85 QFLU}(:
3.893 ALFÀ=O.976 wE.=

385

E.LOW PATTERN: ANNULAR-MT ST

13714 NUTP= 97.9 HTP= 573 PDT= 3.919

2. 50 TouT (r"reas ) = 86. 6 , 85.4

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

I NLET
OUTLET
MI.AN

INLET
OUTLET
MEÀN

TMTX RESL RESG P
66.2 152 104601.O 25-7
83.9 232 1 01 945.5 21 .8
75.O 192 103273.3 23.4

215
233
239

TMIX RESL
69.9 542
72.2 616
71.1 599

RESL
584
s88
592
597
605
612
6't 4

TMI X RESIJ
69.7 578
72.A 625
71 -2 502

RESL
542
587
s93
s99
610
619
622

RESG
400. o 1

39e -7 1

399.4 1

PRG V
710 1.
710 1.
710 1.

vsc
251.37
306. O7
278-41

vsG
1 .59't .67
1 .63

HTP
226.

PDT- O.603
73.1

PRL
71 .6
45. 1

57.O

PRL
66. O
62.4
64 .2
TWALL

81.5

PRL
66.3
61-5
63-9
TWALL

44.3
a5-4
85
85

PRG
o.710
o.708
o.709

o
o
o

vsL
o .379
o. 381
o-380

TE,ST NO: G4 . 1

ML= 390 MG= O.53 QF¡-ux:
PDF= 0. 135 ALF'A=O.453 I'vE=

TBULK TWALL HTP
806. O
679.O
594. O
546.O
515.0
507. O
50a. o

E-LOW PATTERN: SLUG

2582 NUTP= 36.5 HTP= 213 PDT= 0.679
29.70 TOUT(MEAS): 72-4, 72.7

z
2.O
a^
7 -5

11.O
16.5
21 .O
22 .5

NI.JTÏ-RES vsc
255 - 44
260 - 66
267 -16
275-09
288.33
299 - 96
304.O1

P
I
1

6
4
1
I
o

137 -
116.
101-

93-
88.
86.
87.

44.7
90.1
9s.6

100.7
107.O
111.3
112.5

67 .9
70. o
72.6
75.6
80.3
84 .1
85.4

159
164
179
193

NUTP
38.7
37 -1
36. s
36. 1
36,.4
36.3
36-4

a2 .3
a2.7
43.2
83.6
84.1
a4 -2

70-4
70 .6
71.O
71 .5
71-9
72 -O

z
2.O
4.5
7-5

11.O
16.5
21 .O
22 .5

vsG
1 .60-r .60
1 .61
1 .63
1-64
1 .66
1 .66

TBULK
70.1

E'LOW

3527 NUTP=

.26

.36

.31

o
o
o

SL
313
314
314

P
5.7
5.1
5.4

o
o
o
o
o
o
o

216.
213.
210 -
212.
212 .
212 .

ML= 39O Mc: O.75 QFLUX=

PDF= O.120 ÀLFA=O.51 5 WE=

PÀTTERN: SLUG

40.7 HTP= 234
29.7 '1 TouT(MeaS)= 73.1,

RESG
s63.3
560.8
562.O

P VSGPRG vsL
1 .313
1.315
1 .314

15
15
15

7
7
7

6
o
3

o
o
o

2
2
2

1
1
1

I
9
6
o
3

86.
87.
87.

z
2.O
4.5
7.5

11.0
16.5
21 .O
22 .5

vsG
2.27
2 .28
2 .29
2 .31
2.33
2.35
2.36

TBULK
70.o
70-3
70 -7
71 .1
71 .8
72.4
72 .6

NUTP
42.1
39.8
39.9
40.9
40.9
41 .2
41 .O

HTP
246.O
232.O
233.O
239.O
239.O
?41.O
240.O



TEST

ML=

PDF:

I NLET
OUTI-ET
MEÀN

NO3 G4.3
390 Mc- 1 . 05 QFLUx=

o.120 ALF.A:O.571 wE:
TMIX RESL

69.4 573
73.O 629
71 .2 601

386

FI,OW PÀTTERNsSLUG

4163 NUTP= 45.O HTP= 263 PDT= 0.547

29-7O Tour(MEAS)= 73.3, 73.4

vsLP PRG vsG
3.19
3 .32
3 -26

RESG
791 .4 1
787 .2 1
789.3 1

PRL
66-9
61 .2
64.O

TWALT,
a5 -2

PRL
66-9
60.8
63 .8
TWÀLL

88.
84.

PRL
6s. 9
59. 5
62.6
TWALL
8s.9
86.7
87 .4
88. O
88 .6
89.3
89.6

EE

5.O
5.2

0.710
o.710
o.710

1
1

1

1
1
1

3
3
3

3
5
4

z
2-O
4.5
7.5

11.O
16.s
21 .O
22.5

RESL
578
583
s90
s98
611
622
625

RESL
578
544
591
600
614
625
629

RESL
5e7
593
601
611
626
634
642

\/SG
3 .20
3-21
3 .23
3 .25
3-24
3.31
3 .32

\/SG

TBULK
69 .7
70.1
70.5
71.O
71.9
72.6
72 -A

NUTP
45.8
44 .3
44 .8
44 .9
45.1
45.2
45.8

NUTP
49. O
47.7
47 -4

NUTP

51 .7
51 .2
51 .3
52.5
52 .9
52.8

HTP
264.O
258. O
262. O
263.O
263.O
264.O
264-O

HTP
246. O
279.O
277 -O
281.O
284.O
244.O
286.O

HTP
309. O
302. O
299.O
299. O
307.O
309. O
309. O

86. 1

86 .4
86.9
87 -7
88.3
aa.3

TEST

ML=

PDF:

T NLET
OUTLET
I'IEAN

NO: G4.4
390 MG= 1.46 QFLUx=

0.133 ALFÀ:O .622 vtE.=

TM]X

FLOW PÀTTERN:SLUG

4498 NUTP= 48.2 HTP= 282 PDT= O.5O9

29.71 TOUT(r"feaS): 73.7, 73.7
PRGP

5.4
4.9
5.1

69
73
71

4
9
1

.4

.3
-3

o
o
0

RESL
573
633
603

RESG
1104. O 1
1098.4 1
1101 .6 1

7
7
7

1
1
1

1.
1.
1.

o
o
o

vsG
4 .48
4 .66
4 .57

SL
313
315
314

v

z
2.
4.
7.

11.
16.

o
5
E

o
5
o
5

48-O
48.7
48.6
49-O

4
2
I
2
I
6
7

85.
a6.
86.
87-
a7-

4-50
4 .51
4 .54
4-56
4 .6'l
4.64
4.66

P

7
2
9
I
6
9

TBULK
69.7
70.1
70.6
71.1
72.1
72.8
73.O

FLOW

4845 NUTP:

21 .
22.

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: G4.5
390 MG= 2.OO QFLUX:
0.1 65 ÀLFA:O.665 wE:

TMIX RESr,
69.9 541
74.1 647
72 -O 614

PATTERN: SLUG-CHURN

52.O HTP= 3O4 PDT= 0.498
29.74 TOUT(rqnes)= 74.3. 74.5

PRG
o.710
0.709
o.710

vsG
6.13
6.38
6.26

\ISL
1.313
1.315
1.314

RESG
1507. O 15
1498.O 14
1502.6 1 5

VSG TBULK
6.15 70.3

.18 70-
53. O

z
2.O
4.5
7.5

11.O
1 6.5
21 .O
22 .5

6
6
6
6
5
6

71.
71.
72.
73.
73.

.21

.25

.31

.36

.37



TEST

ML=

PDF:

r NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

INLET
OUTLET
MEÀN

NO: G4 -6
390 MG= 2.9O QFLUX=

o.26,3 ALFÀ=O.71 1 WE=

TMIX RESL
69.7 578
73.9 643
71.8 611

387

FLOW PATTERN:SLUG_CHURN

4842 NUTP= 55-7 HTP= 326 PDT= 0.551

29.73 TOUT(r.fsaS)= 74.3, 74.3

RESG
2193-O 1

2179.7 1

21 86.4 1

vsG
8.86
9.25
9. O6

VSL
1.313
1.315
1-314

PRL
66 .3
59.8
63. O

P
5.5
4.9
5.2

PRG
o.710
o.709
0.710

55
56
56

a4-6
85.4
85-8
86. 6
87 .5
88. 1

88.4

70.5
71.O
71 .6
72.6
73.4
73.6

z
2.O
4.5
7.5

11.O
16.5
21 -O
22.5

RESL
583
s90
598
607
622
63s
639

TMI}( RESL
69 -5 575
73.7 640
71 .6 608

RESI.
580
587
595
604
619
632
636

lrMI}( RESL
69.6 577
73.9 642
71 .7 609

RESL
582
589
597
606
621
634
638

TBULK
69.
70.

FLOW

4926 NIJTP=

PÀTTERN ! CHURN

HTP
332.O
323.O
327 -O
324-O
324. O

328. O
328. O

vsG
14-15
14.87
14.52

HTP
362.O
349.O
350. O

346. O
354.0
353.0
355.O

PDT= O - 801

74-2

vsc
8.89
8.93
I .98
9 -O49.13
9-21
9 .24

TBULK
70.1

TWALL

TWALL
83.3

PRL
66.4
s9.9
63. 1

TWÀLL
83.3
84. O
84 .9
85.4
86. 1

86.6
86.8

NUTP
56.8
5s. 3
56.
55.

NUTP
61.9
59.7
59. 9
59 .2
60. 6
60. s
60-7

NUTP
62 .9
61 .7
60.4
60.8
62.2
63. 6
63. 6

o
4
5
1

2

ML= 39O MG= 4.72 QFLUx=

PDF= 0.434 ÀLFÀ:O.762 !.tE=

E.LOW PÀTTERN: CHURN

487 3 NUTP= 60 . 1 HTP: 3 51 .PDT= O .67 1

29.72 TOUT(MEÀS)= 74.O, 74.3

RESG
3560. O

3538.3
3549 -2

PRLP vsL
1.313
1.315
1.314

PRG
.710
.710
.710

66 .6
60.1
63.3

15.7
15,1
1 5.4

o
o
o

14.28
14-37
14 .48
'r 4. 65
14.80
14.85

z
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

20
20
20
20

vsG
14-21

70-
71.
72.
73.
73.

84 .2
84.7
85.5
B6 .2
87 -O
a7 -2

9
3
I
4
4
2
5

TEST NOs G4.8
ML= 39O MG= 6.64 OFLUX=

PDF'= O.596 ALFÀ:O .794 wE=

61.8 HTP: 361

29.73 ']rOUT(UeeS)= 74.1,
RESG

5010.o 15
4979.3 14
4994.9 1 5

I
9
4

P PRG
o.710
0.709
o.710

vsL
1 .3't 3
1.315
1.314

vsG
19.89
21.08
20 - 50

z
¿.
4.
7.

11.
16.

\'rSG
19 .99

.11

.26

.44

.72
20 .96
21.O4

TBULK
69.9
70.4
70.9
71 .6
72.5
73.3
73-6

HTP
368. O

21 .
22.

o
5
5
o
5
o
5

360.O
353.O
355.O
363.O
372.O
372.O



3BB

NO: G4.9
39O Mc=

FLOW PATTERN : CHURN_ÀNNULAR

9.32 QF.Lux= 4924 NUTP= 64.5 HTP= 377 PDT= 0.901
O.722 ÀLFÀ=O.821 WE= 29.73 ToUT(r.reas): 73.9, 74.1

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

P
6.1
5.1
5.6

VSLPRL PRG
0.710
o.709
0.710

TMIX RESL
69.5 576
73-8 641
71 .7 608

RESL
541
s88
s96
605
620
633
637

TMI X
69.8
74.6
72.2

RESL
579
654
616

RESL
585
593
602
6-1 3
630
644
649

RESG
7039. O 1

6995.5 1

7017.3 1

vsG
27.56
27.75
27 -97
28 .24
28 .67
29.03
29 .16

TBULK
69 .9
70-3
70-9
71-5
72 -573-3
73.5

TWALL
82 .2
a3-2
84. O
84 .7
8s.6
86.3
86.s

llWÀLL
83.s

TWÀLL

NUTP
68. 1

65.4
64. O
63.6
64 .1
64 .6
64-9

NUTP
71 .4
68.6
67 .1
67 .5
68. 5
69. 1

68-8

NUTP
7B-8't6.'l
75.1
74.8
75.4
76.6
75.4

HTP
398. O

\'SG
27.41
29.22
2A -33

vsG
37.76
40.99
39.40

1.313
1-315
1-314

66 .6
60. o
63.2

382.
374.

z
2.
4.
7.

11.
16.

o
5
5
o
5
o
5

o
o
o
o
0
o

50.40
55.51
52 .98

1.313
1.315
1.314

65.9 0.710
58.7 0.709
62.3 0.710

16.9
15.5
16 .2

1 3654. O
1 35s9.9
13607.1

o
o
o
o
o
o

2'l .
22.

RESG
9853. O 1

9784.8 1

9819.O 1

PRG
o.710
o.709
0.710

vsL
1 .313
1.315
1 .314

372.
374.
378.
379 -

4
4
4
4

TEST

ML:
PDF=

INLET
OUTLET
MEAN

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

NO: G4.1 O FLOW PÀTTERN:CHURN*ANNULÀR

39O MG= 13.05 9FLux= 5564 NUTP= 68.3 HTP= 399 PDT= 1.191
1.036 ÀLFÀ=O.846 wE= 29.75 TOUT(MEÀS)= 74.9t 75.1

PRLP
66. 1
s8.9
62.4

6.3
5.1
5.7

HTP
417.O
401.O
392.O
394.0
400.0
404 -O
402 -O

84. 5
85.4
86. 1

87 - O
87 -7
88. 1

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

vsG
34.02
38.3s
38.75
39.23
40. oo
40.6s
40.88

TBULK
70.2
70.7
71 .3
72-O
73.1
74.O
7 4.3

NO3 G4.11
39O MG= 18.09 QF.LUX=

1.337 ALFA:O.865 wE=

TMIX RESL
69 .9 581
74.6 655
72-3 618

RESL
547
594
603

F.LOW PÀTTERN:ÀNNULÀR

5560 NUTP= 75.7 HTP= 443 PDT= 1.472
29.7 5 TOUT(UeaS)= 74.9, 75.1

RESG P PRL PRG VSL \¡SG

TBULK
70.3

HTP
461 . O

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

6
6
6
6

14
31
45
50

vsc
50.

55.

51.
51.
52.
53.
54.

45
39
37
41

42.3
a3 -2
84. O
84.8
85.8
86. 5
87. O

70.8
71 .4
72.1
73.1
74.O
74.3

80
32
95
70
93
97
33

448.
441 .



389

c4.12 FLOT^T PATTERN : ANNULAR

MG= 25.22 Qr¡.UX= 6350 NUTP= 81-5 HTP= 476 PDT= 1.665

1 .547 ÀLFÀ:o.882 wE= 29.76 TOUT(II{EaS)= 75.5, 75.7

TEST

ML=

PDF=

NO3

390

NO3

390

21 .
22.

TMIX RESL
69.8 579
75.2 663
72.5 621

RESL
s86
594
605
617
636
652
658

TMIX RESL
68.8 564
74.6 654
71.7 609

RESL
571
581
591
604
625
642
648

RESL
568
578
589
603
625
643
649

-44
.36
.46
.24
.77
.29

RESG
45563. O
45179.9
45371 -8

RESG
64324 -O
63752.7
64040.4

RESG
19035.0 1

18885.7 1

1 8960.4 1

PRL
66. 1

58. O
62.O
TWÀLL

82.8
83.8
84 -7
45.7
87. O
a7 -B
88.1

PRL
67 -8
58.9
63.3
TWÀLL

80.7

PRL
68.3
s8.8
63-4

TWALL
80.4

PRG
0.710
o.709
0.710

PRG
0.710
o.709
o -710

PRG
o.710
o.709
o.710

vsL
1 .313
1 .315
1-3'l 4

vsG
67 .11
74.55
70.a6

P
INLET
OUTLTT
MEAN

TEST

ML=

PDF=

7.7
6.1
6-9

68
69
70
72
73
74

z
2-O
4 -57.5

11.O
16"5
21 -O
22 .5

vsG
67 -70

vsG
't 67 .61
170.58
17 4 .28
1 78.80
1 86.35
192.98
195.29

TBULK
70 -2
70.8
71-4
72.2
73.5
74-5
74.8

TBULK
6'9.3
69 .9
70 .6
71 .4
72 -A73.9
74.2

TBULK
69. O
69 .7
70 .4
71 .3
72.8
73.9
74.3

NUTP HTP
so3. o
487.O
477 -O
470.O
468. O
477.O
479.O

HTP
609. O
594.0
577.O
567.O
558. O
556. O

553. O

HTP
667.O
645.O
625.O
610. O
594. O
s89.0
587. O

vsc
1 33 .26
156-22
144-65

86. 1

83.3
81.6
80.4
80. o
81.6
81.9

c4.13 FLOW PATTERN:ÀNNULAR

MG= 6c .2A gF'LUx= TOOB NUTP= 97.6 HTP= 57O PDT: 3.034

2.951 ÀLFA-0.918 ÞrE= 29.73 lour(Mees)= 75-4, 74.8

I NLET
OUTLET
MEÀN

vsL
1 .313
1 .315
1.314

P
21 .3
18.3
1 9.8

104. 1
101.6

98 .7
96 .9
95.4
9s. 1

94 .6

81.6
82.7
83.8
45.3
a6. 5
86.9

1 34.98
137.20
1 39 .94
1 43 .28
148.83
1 53.68
155-37

o
5
5
o
5
o
5

vsL
1 .313
1 .315
1.314

P
24.2
20 .5
22.4

114.
110.
1 06 -
104.
101 .
100.
100 -

z
2.
Ã
7.

11.
16.

NO: G4.14
39O MG: 85.07 QFLUX=

3.658 ÀLFA=O.928 wE:

TMIX RESL
68.5 561
74.7 655
71.6 608

NUTP

F.LOW PÀTTERN:ANNULAR

7594 NU1cP=104.4 HTP= 613 PDT= 3.731

29.72 TOUT(r"re¡S)= 75.3, 74.6

vsG

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

vsc
1 65.30
1 96 .47
1 80.69

81.4
42.6
83.8
85.5
86.8
a7 -2

z
2.O
4.5
7.5

11.0
16.5
21 .O
22-5

NUTP
1
4
I
3
6
I
5



390

No: G4.1 5 FLOW PATTERNsANNULÀR

390 MG:110.73 OFLUX= 8447 NUTP=111.5 HTP:652 PDT= 4.764

4.69A ÀLF'A=O.934 wE= 29.7 5 ÎOUT(MSAS)= 76-'l , 75.1

TEST

ML=

PDE'=

I NLET
OUTLET
MEAN

TEST

ML=

PDF:

TMIX RESI,
6A.7 564
75.4 668
72.1 616

RTSL
572

RESG
83703 - O

82888.6
a3295 .9

PRL
67 .8
57 .6
62-6
TWÀLL

80.7
82. O
83.4
a4 .9
86.8
84. 5
89.0

PRL
67 -3
57 .4
62 -2
TWALL

80. 1

PRL
66.9
57 .3
62-O

TWALL
80. 1

PRG
o .710
o.709
o.710

PRG
o.710
o.709
o-710

PRG
0.710
o.709
o.710

\¡SL
1 .313
1.315
1.314

vsG
188.85
229 .54
208.82

P
27 .6
22.9
25 .3

126 .1
120.O
114.9
'1 10.6
107.2
104 .2
103.8

69.3
s83
595
610
634
654
661

z
2.O
4.5
7.5

11.O
16.5
21 .O
22-5

NO:

390

11

22.

TMI X
69. O
75.6
72-3

TMIX
69 .2
75.6
72.4

HTP
737.O
701.O
672.O
647.O
627 -O
609. O
607. O

HTP
801 . O
747.O
706.O
665. O
638. O
623.O
617 -O

HTP
813. O
759.O
713. O

684. O

664.O
654. O

652. O

vsc
205.31
251.22
227.AO

vsG
191 .81
1 9s.63
200 .41
206 .26
216.13
224.90
227 -97

TBULK

70. o
70.8
7'l .8
73.4
74.6
75.O

NUTP

c4-16 F.LOW PÀTTERN: ANNULAR

MG=134-94 QFLIJX: 8446 NUTP:115-7 HTP= 677 PDT= 5.527

5.464 ÀLFA=O.938 wE= 29.76 TouT(Þîeas)= 75.9, 74.7

INLET
OUTLET
MEÀN

TEST

ML=

PDF=

INLET
OUTLET
MEÀN

NOs G4.17
390 MG=166.20 QELUx=

5.742 ALFÀ=O.944 wE=

RESL RESG
568 1 01 964. O
670 10099-1 .O
619 101477.5

vsc
208.63
21 2 .92
21 A .28
224.88
236. O3
245 .95
249.44

RESL RESG
571 125544.O
671 124374.8
621 124959.6

vsc
246.1 1

251 .
257.
265.
278.
290.
294.

P
31 . O
25 .5
2A .2

vsL
1.313
1.315
1.314

vsL
1.313
1.315
1-314

P
32 .4
26 .6
29.5

o
7
9
9
5
I
5

81.5
83 - O
84 -7
86.8
88.3
88.9

z
2.O
4.5
?E

11-O
16.5
21 .O
22-5

RESL
576
s86
599
614
637
657
664

RESL
579
s89
601
616
639
658
665

TBULK
69.6
70.2
71-1
72.O
73.5
74-8
75.2

TBULK
69.8

NUTP
137.O
127 -7
120.8
1'r3.8
109 .2
106.6
105.6

F.LOW PÀTTERN:.\NNULÀR

8444 NUTP=119.O HTP= 696 PDT- 5.799

29.76 TOUT(MEAS): 75.4, 74.4
vsG

242 .'t 9
296 .53
268.79

z
2.
4.
7.

11.
16.

NUTP
139.o

5
5
o
5
o
5

129
121
116
113
111
111

8-r .5
83. 1

84. 5
86.4
87.8
aa -2

70 .4
71 .2
72.2
73.6
74.9
75.3

18
53
33
53
29
42



TEST

ML=

PDF=

NO3

973

391

c5. 1 FLOW PATTERN : BUBBLE-SLUG

MG: O.24 9F.LUX= 2137 NUTP= 2A.9 HTP= 169 PDT= 1.241

0.406 ÀLFÀ=o.161 wE= 18 4.15 ToUT(r"reaS)= 70.8, 71.O

TMIX RESL
69.8 1 444
70.5 1472
70-1 1458

RESL
1 446

49
53
57
63
69
70

vsG
o .67

TBULK
69.8
69 .9
70. o
70.1
70 -370-4
70.5

leWALL
79 -3
81.3
82 .5
83.3
83.9
83.9
84. O

PRL
6s.8
64 .2
6s. o

vsL
.272
.27 4
.27 3

vsL
3.272
3.274
3-274

RESG
1A0.7 1

180.5 1

14O.6 1

PRGPRLP vsG
0.66
o.72
0.69

PDT= 1.276
71 .4

I NLET
OUTLET
MEÀN

TEST

ML=

PDF:

I NLET
OUTLET
MIÀN

TEST

ML=

PÐF=

I NLTT
OUTLET
MTÀN

z
2.
4.
7-

66.4 0.710 3
65.2 0.710 3
65.8 0. 71 0 3

7.O
5.8
6.4

o
o
o

NUlP HTP
225.O
187. O
171.O
162. O
157 -O
158.0
158.O

38.5
32-1
29-2
27.4
26 .9
27 -1
27 .1

o-67
o-68
o.69
o -70
o-71
o-71

14
14
14
14
14
14

o
5
5
o
E

o
5

11.
16-
21 .
22.

F'LOW PÀTTERN 3 SLUG

O.58 QFLUx: 2918 NUTP= 46.8 HTP= 273

o -57 5 ÀLFA=O.295 wE= 'l 84.27 TouT(ueas ) = 71 .2,

NO: G5 -2
973 MG=

z
2.
4.
7-

16.
21 .
22-

NO3

973

TMIX RESL
70.1 1456
71.1 1494
70.6 1475

RESL
1 459

RESG
438.9 1

438.3 1

438.6 1

RGP P
o-7
o.7
o.7

vsG
1-62
1.75
1 .68

HTP
304. O
279-O
273-O
26A.O
269. O
27 1-O
271-O

PDT= 1.261
71.8

7 -O5.7
6.4

1
1
1

46 .7
45 .9
46.O
46.4
46-4

81 .1
81 .4
81.6
81 -7
81 .8

1 463
1 464
1473
1 482
1 489
1 492

o
5
5
o
5
o
5

11-

TMI}t
70.3
71 .6
70.9

RESL
1 464
1513
1 488

RESG
626.4 1

625.6 1

626.2 1

PRG
o.710
o.710
o-710

NUTP
52. O
47.e

NUTP
57 .4

vsL
3.272
3.275
3.274

vsG
2 .31
2 .50
2 .41

vsG
1 .63
1 .64
1 .66
1 .68
1-71
1-73
1.74

TBULK
70.2
70.3
70.4
70.6
70 -a
71.O
71.O

TWÀLL
79.7
80 -7

TWÀLL
81.4
82.4
a2 -9
83.1
83-4
83.5
83.5

c5.3 FLOI{ PÀTTERN: SLUG

MG= O.83 OFLUX= 3689 NUTP= 52.3 HTP= 306

O-623 ALFÀ=O.358 wE= 184.37 Tou'r(prpas)= 71.7,
PRLP

7.O
5.7
6.4

65 .4
63 .4
64-4

H
33
31
30
30
30
30
30

53. 1

51 .9
51 .6
51 .5
52.5
52.5

70.4
70-5
70.7
70.9
71 .2
71 .4
71 .5

147 3
1479
1 486
1 497
1 507
1510

z
2-O
4.5
7.5

11.O
16.5
21 .O
22 .5

RESL
1 468

VSG
2.33
2.35
2.37
2.40
2.44
2.44
2.49

TBULK TP
5.o
o.o
3.0
1.0
1.0
6.O
7.O



TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

392

NO: G5. 4 F.LOW PÀTTERN: SLUG

g73 MG= 1.15 QFLUX= 3688 NUTP: 55.8 HTP: 326 PDT= 1.267

O.687 ALFA:O.417 wE= 184.36 TOUT(ueaS)= 71.7, 71.8

PRL PRG vsGTMIX RESL
70 -3 1462
71 .5 1511
70.9 1486

RESL
1 466
147'l
1+77
1 484
1 495
1 505
1 508

TMT}C RESL
70.3 1463
71.8 1519
71.O 1491

RESL
1468
147 4
1 481
1 449
1 502
1512
1516

TMIX
70.3
71.8
71.O

RESL
1 463
1 520
't 491

RESL
1 468

RESG
1226.O 1
1223.5 1
1224.9 1

RESG
865. O 1

863.3 1

464-1 1

P

TBULK
70.4

7.O
5.7
6.3

65.5
63.5
64.5

PATTERN: SLUG

59-6 HTP= 348

3.19
3 .45
3 .32

HTP
356.O
333.0
324.O
322.O
322.O
325. O

326. O

PDT= 1.279
72.O

o
o
o

.710

.710
-710

o.710
o .710
o .710

vsL
3.272
3.275
3.274

z
2.O
4.5
aÊ

11.O
16.5
2't.o
22 .5

NO:

973

21 .
22.

NO:

973

vsG
3 -21

TWALL
80-7

PRL
65-4
63. 1

64.3
TWÀLL

TWALL
81 - O
a1 .9
a2 .2
82-4
a2.6
82 -7
82 -A

NUTP
60.9
57. O
55.4
55. 1

55. 1

55.6
5s. I

NUTP
64. O
60. 1

58. 9
58.6
59 .2
60.3
60.6

NUTP

3 -24
3 -27
3.31
3-37
3 .42
3 .44

5
6
I
1
4
5

70
70
70
71
71
71

81.6
e2.o
82 - 3
42.6
42.7
a2.a

c5.5
MG- 1.63 QF.LU}i= 421I

FLOW

NUTP=

O.761 ALFÀ:0.479 vtÐ= 184.39 TouT(MEAS)= 71.8,

PRGP

PRG
0.710
o.710
o.710

vsL
3.272
3.275
3.274

vsL
3.272
3.275
3.274

vsG
6 -256.78
6 -52

\¡SG
4.51
4.88
4 -70

HTP
374.O
3s1 . O
344.O
343.0
346.O
352.O
354.0

PDT= 1 .343
72. O

INLET
OUTI.ET
MTA'N

7.O
5.8
6.4

z
2.
4.
7.

11.
16.

o
5
5
o
5
o
5

81 -7a2-6
83.0
83.3
83.5
83.5
83.6

4. 58
4.62
4-68
4-76
4.84
4 -86

vsG
4-54

vsG
6.29
6 .34
6.41
6.49
6 .62
6.72
6.76

TBULK
70.4
70.6
70 -a
71.O
71 .3
71.6
71.7

TBULK
70.4
70 .6
70.7
71.O
71 .3
71 .6
71.7

TEST

ML=

PÐF=

c5-6 FLOW PATTERN:SLUG

MG: 2.27 QFLUX= 4249 NUTP= 64.4 HTP: 376

0.881 À'LFA=O.535 wE= 184.39 TOUT(tqEes)= 71.9,
P

7.1
5.8
6.5

371-O
371.O
375.O
381-O
381 . O

68. 5
64 .2
63.5
63. s
64.1
65.3
65.2

1473
1 480
1 489
1 502
1512
1516

o
5
5
o
5
0
5

2
4
7

11
16
21
22

RESG
1708.O 1
1704.7 1
1706.6 1

PRL
I NLET
OUTLET
MTÀN

65.4
63.1
64 .3

z HTP
401 . o
375 - O
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NO: G5.7
973 MG=

FLOW PATTERN:SLUG-CHURN

2.91 QFLUX= 4657 NUTP= 68.3 HTP= 399 PDT= 1.398
O.975 ALFA=o.574 wE- 184.48 TOUT(MEAS): 72.2, 72.4

TEST

ML=

PDF:

INLET
OUTLET
MEAN

TEST

ML=

PDF=

I NLET
OUTLET
MTAN

TEST

ML=

PDF=

INLET
OUTLET
MEÀN

TMIX RESL
70-5 1473
72.2 1535
71 -3 1 504

RESL
1478
1 484
1 492
1501
1515
1 527
1 531

TMIX
70.6
72 -2
71 .4

RESL
1476
1538
1 507

RESL
1 487

RESG
2197.O 1
2192.8 1
2195.4 1

PRL
6s. o
62.s
63.7
TWÀLL

81 .7

PRL
64.8-
62 .3
63.6

VSL
3.272
3.275
3.274

PRGP vsc
7.95
8.65
8.31

HTP
422.O
396.0
390.O
394.O
403.0
403.O
399.0

PDT= 1 -77O
72.6

.71 0

.71 0

.710
7 -3
5.9
6,6

o
o
o

42.6
83.0
83. 1

83.2
83.5
83 -7

70-8
71-O
71-3
71 .6
71.9
72.1

8. 08
8.16
I .27
I-44
I.s8
8.63

z
2.O
4.5
7 -5

11.O
16.5
21 .O
22 .5

vsG
B. O1

TBUTJK
70.7

NUTP
72.2
67 .7
66.7
67 .4
68.9
69. O
68. 3

NO! Gs.B FLOW PÀTTERN3CHURN

973 MG= 5.95 9FLUX= 4653 NUTP= 77.8 HTp= 455

1.442 ALFA=O.672 vtE= 184.51 TOUT(MEAS)= 72.4,
RESG

44A4 . O
447 3 .9
4479.1

P PRG vsL
3.272
3.275
3.274

vsL
3.272
3.275
3.275

vsG
15-52
17.20
16-37

vsG
21 .70
24 .46
23. 08

1 488
1 495
1 504
1519
1530
1534

z
2.O
4.5
7.5

11.O
16.5
21 .O
22-5

RESL'l 481

NO: G5.9
973 MG= 8.36 9FLUX=
1.787 ÀLE'A:O.714 WE=

TMIX RESL
70.8 1481
72.5 1548
71.6 1515

FLOW PÀ'TTERN :CHURN-ÀNNULÀR

4967 NUTP: 85.7 HTP= 5O1 PDT: 2.073
184 .56 TouT (MEÀS ) = 72.6 , 72.7

vsG

RESG
6302. O 1

6286.8 1

6294.8 1

TBULK
70. a
70.9

TBULK
70.9
71 .1
71 .3
71 .6
71.9
72.3
72.4

TWÀLL
80.6
81 . O
81 .3
81 .7
a2.o
42"3
a2 .4

PRL
64 .6
6't.9
63.3
ThTALL

80.5
81 . O
81 .3
81 .7
81 .8
a2.o
a2 -2

NUTP
81 .2
78.9
77.9
77 -O
77 .3
77 "277.8

NUTP
88-9

HTP
474.O
461.O
455.0
4so.o
452.O
451 .O
454.O

HTP
519.0
502. O
496.0
491 . O
503. O
509. O
505. O

o.710
o.710
o -710

18.1
16.4
17.2

0.710
0.710
o-710

8-2
6-2
7.2

71 .1
71 .4
71.7
72 "O72.1

15.65
15 .82
16. O3
16 .27
16.68
17.02
17 -14

PRGP

85.9
84.8
83.9
86. O
87 .1
86.4

1 494
1 502
1512
1 527
1 s39
1 544

L
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

vsG
21.91
22.18
22.52
22 -93
23 .59
24 .16
24 .36



TEST

ML=

PDE.=

NO:

973

c5.10
MG= 12.24 QF.LUX: 5055

394

PATTERN:ANNULAR

9O.3 HTP= 528 PDT= 2.640
F.LOW

NUTP=

2.429 ÀLFÀ=O.749 wE= 184.56 1rOUT(MeeS)= 72.6, 72.9
TMIX RESL

70.7 1480
72 -5 1547
71-6 1514

RESL
1485

TMIX RESL
70-7 1478
72.6 1 551
7 1 .6 1514

RESL
1 484
1 491
1 500
1511'1528
1 542
1 546

TMI X
71.O
73.1
72.O

RESL
1 497

RESG
13363. O
1 3326 .3
13344.8

RESG
9224.O
9200.8
9212-6

PRL
64-6
61 .9
63.3

vsL
3.272
3.275
3.275

VSL
3.272
3.275
3 -275

VSG
29 .46
34. O6
31 .75

vsG
40 .20
47.73
43 -92

vsG
52.84
63 .46
s8-o6

P
o.7
o-7
o-7

P
19.6
17 -O
18.3

RG
I NLET'
OUTLET
MEAN

o
o
o

1
1
1

z
2.
4-
7.

11.'t6-

o
5
5
o
5
o
5

1 492
1501
1511
1 526
1 539
1543

vsG
29.81
30.25
30.81
31.48
32.59
33.55
33.89

vsG
40.76
41.47
42 -36
43 .45
45 .28
46.49
47 -45

vsG
53.61
54 .61
55.86
57.39
59.97
62."5
63. O5

TBULK
70.9
71-1
71 .3
71-5
71.9
72 .3
72-4

TBULK

TBULK
71 .2
71 .4
7'l .6
71.9
72.4
72 "872.9

ThTÀLL
80.1
80.6
80.9
81 .2
81 .5
81 .8
81 .8

NUTP
93.3
90.5
89.5
89.4
90. 3
90.8
91 .3

NUTP
97 -6
95.8
94 .1
94.O
95 .4
97 .1
96.7

HTP
546. O
529.O
523.O
523.O
s28. O
531.0
534. O

HTP
571 . O
560. O
550. O
550. O
558. O
567.O
566. O

HTP
616. O

600. o
587. O

596. O

602.O
606. O

604.O

2'l .
22.

TEST

ML=

PDE =

INLET
OUTLET
MEÀN

TEST

ML=

PDF=

NO: G5. 1 1

973 MG= 17.7 3 OFLUX= 5474

PÀTTERN S ANNULAR

95-4 HTP= 558 PDT= 3.333
E'LOW

NUTP=

3.114 ÀLFA=O.781 wE= 184.56 TouT(MeeS)= 72.5,72.9

PRL PRG
64.
61.
63-

P
20 -9
17.5
19.2

7
I
3

o
o
o

.710

.7 10

.710

o.710
0.710
o.710

70 -8
71-O
71 .3
71.5
72 -O72.3'72-4

2.O
4.5
7 -5

11.O
16.5
21 .O
22-5

TWALL
80.4
80.8
81 .2
81 .5
81-8
a2.o
82 .'l

PRL
64.1
61 . O
62 .6
TWÀLL

80.9
81.4
81 .8
82. O
82 .4
82 .7
a2 -a

vsL
3.272
3.276
3-275

c5.12 FLOW PAT"'ERN:ANNULAR

MG= 24.82 QFLUX: 5985 NUTP=1OZ-6 HTP= 600 PDT= 3-764

3.57 3 ALFA=o.805 WE= 184.68 TOUT(r'reeS ) = 72.9, 73.4

NO:

973

21 .
22.

I NLET
OUTLET
MEÀN

P
22.2
18.5
20 .4

RESL
1 491
157 1

1531

105.4
102.6
100.3
101.9
103. O
103.7
1 03.4

1 50s
1515
1 527
1545
1561
1 566

o
5
5
o
5
o
5

RESG
1 8704. O
18647.9
18676.1

PRG

NUTPz
2-
4-
7.

11.
16-
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TEST NO: G5 . 1 3 F'I.OW PÀTTERN: ÀNNULAR

ML= 973 MG= 57.21 QFLUX= 6633 NUTP=113.0 HTP= 661 PDT= 5.728

PDF= 5.583 ÀLE.A=O.856 !.IE= '1 84.65 ToUT(¡ae¡s)= 73-O,116.5

TMIX RESL RESG P PRL PRG VSL \/SG

TEST

ML=

PDF=

I NLET
OI'TI,ET
MEAN

TEST

ML=

PDF:

TMT l{
70.9
73.3
72.1

RESL
1 487
1580
1534

RESG
60254 . O
60043.7
60149.3

P
31.O
24 .5
27 .8

P
35.7
28 .5
32.1

PRG
o.710
o.710
o .710

PRG
o.710
o.709
o.710

vsL
3.272
3.276
3.275

vsL
3.272
3.276
3.275

HTP
700. o
673.0
665. O
652.O
654. O
654. O
652.O

HTP
736.O
710.O
702.O
694.O
688. O
689. O
691 . O

HTP
783.O
756.O
737.O
725.O
712.O
709.o
703. O

vsc
122.O8
153.72
1 37 .40

z
2-O
4.5
7.5

11.O
16.5
2't.o
22.5

127 . 16
130.79
1 35.28
1 42 .99
1 49 .97
152-45

RESL
1 495
1 504
1516
1 529
1551
1 564
157 4

z
2.O
4-5
7.5

11.O
16.5
21 .O
22.5

o
5
5
o
5
o
5

RESL
1 490
1 499
1510
1 523
1543
1 560
1 565

vsG
o?.34
o4 -75

TBULK TWALL
80.5
81 .1
81.5
a2.o
a2 .5
a2 .9
83. 1

PRL
64 .3
60.6
62.4
TWALL

80.7
81.3
81 -7
42.2
42.9
83.3
83.4

PRL
63.8
60. o
61 .9
TWÀLL

NUTP
119.7
115.1
113.8
111.6
111.9
111.9
111.4

o
2
5
9
4
I
9

07 -7911.57
18. 06
23-94
26.04

1
1
1

1
1
1
1

71.
71.
71-
71.
72-
72.
72-

NO: G5. 1 4 FLOW PÀTTERN:ÀNNULÀR

973 MG= 79.96 QFLUX= 7083 NUTP=119-3 HTP= 698 PDT= 6.471

6-340 ALFÀ=O.869 wE= 18 4-70 TouT(MeaS)= 73.2,73.6

vsG
124.29

\/SG
1 50. 04
1 53 .37
1 57.55
1 62 .71
171 .54
1 79 .49
1 82 .31

TBULK
71-1
71.4
71 .7
72 -O
72 .6
73.O
73 -2

NUTP
125 .8
121 .4
120.1
1'18.7
117.6
117.9
118.3

c5.15 FLOW PÀTTERN:ÀNNULAR

MG=111.14 OFLUX= 7545 NUTP=124.5 HTP- 728 PDT= 7.128

7.OOB ÀLFÀ=O.881 wE: 184.79 TouT(Meas)= 73.9,74.O

NO3

973

21 .
22-

I NLET
OUTLET
MEAN

TMfX RESL
71.2 1497
73.7 1596
72.4 1547

RESG
83714.O
83405.4
83ss9.8

vsG
1 47 .49
183.75
165. 1 1

L-
4.
7.

11.
16-

RESL
1505
1515
1 528
1 542
1 565
1 583
1 590

TBULK
71 .4
71 .6
72. O
72.3
72.9
73.4
73.6

NUTP
133.9
129 .2
126-O
'124 . O
12'l .7
121 .3
120-3

81.0
81.6
a2 -2
82 -7
83. s
84. O

84.3
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c5.16 F.LOW PATTE,RN 3 ANNULAR

MG=147.85 QELUX= 8420 NUTP=130.8 HTP= 765 PDT: 8.O74
7 .962 ALFÀ:O.890 wE= 184.97 TouT(Mees)= 74.9, 74.7

TEST

ML=

PDF=

] NLET
OUTLET
MEAN

TEST

ML=

PDF:

rNLET
OUTLET
MEÀN

T NLIT
OUTLET
MEÀN

NO: G6.1
2601 MG=

NOs

973

21 .
22.

TMI X
71 .7
74.5
73.1

RES
1517
1 626
1571

RESG
1284.O
o832.1
1058.0

P
41 .3
33.3
37 .3

PRL
63. O

58.9
60.9
TWÀLL

PRL
64 .9
64 .3
64.6
TWÀLL

78.1

PRG
0.710
0.709
0.710

PRG

vsL
3.272
3 -277
3.276

vsL
8.742
8.747
I .'7 47

VSG
1 69.49
210 . 12
1A9-27

L
11
11
11

s6. 6
53.9
52 .3
50.6
so.3
50.7

2
6
o
4
E

4

79
79
ao
80
80
80

e1 .7
82.5
83 .4
84 .1
8s.o
85 .7
86.0

176
180
186
196
205
204

1 526
1 537
1550
1 566
1591
1612
1 619

z
2.O
4.5
7.5

11.0
16.5
21 .O
22-5

80.6
81 .2
81 .5
81 .7
81.9
a2.o

70 -9
71.O
71.O
71 .1
71.2
71.2

RESL vsc
172.37

.10

.80

.61

.49

.38

.52

TBULK
71 .9
72.2
72 .6
73. O
73.6
74.1
74.3

NUTP

NUTP
64-4

HTP
861 .0

HTP
376-O

820. O
779.O
759 -O
736,.O
725.O
721.O

147.2
140.3
133 .2
129 .8
125 .9
124.O
123 .4

FLOW PATTERN:BUBBLE

O.OG QFLUX= 2792 NUTP= 53.1 HTP= 31O PDT= 2.402
1.428 ALFÀ:o.019 wE= 1316.O0 TOUT(MEAS)= 71.2, 71-4

TMIX RTSL
7 0 -7 3949
71.O 3986
70 -9 3968

RESL
3952
3 956
3 960
3 966
397 4

TMIX RESL
70.9 3967
71-3 4010
71 -1 3988

RESI-
397 0
397 5
39AO
3987
3 996
4004
4007

142.4 1
142.4 1
142.4 1

RESG
48.9 1

48.9 1
48.9 1

vsGP
8-7
6.3
7.5

o
o
o

o.710
o.710
o.710

6
9
I

1

1

1

70.7
70.8
70.4
70.9
71.O
71.O

3981
3984

z
2-O
4.5
7.5

11.O
16-5
21 .O
22.5

o
5
5
o
5
o
5

\/SG
o .17
o.17
o.17
o.17
o.18
o.18
0.19

vsG
o .46
o .47
o .48
o.49
o.50
o.51
o. s2

TBIJLK
70.7

331.O
315.O
305. O
295.O
294.O
296-O

ML= 2601 MG= O. 1 9 QFI-UX=

PDF'= 1 .477 ÀLFÀ:O . O51 gIE-

F.LOW PATTERN: BUBBLE

3219 NUTP= 53.8 HTP= 314 PDT=

1316.OO TouT(MEAS)= 71.6, 71.8

RESG P PRL PRG \/SL
64.5 0.710 A.742
63.9 0.71 0 8.748
64-2 0.710 8.747

2.420

vsG
o.46
o .52
o.49

9.6
7.1
8.3

z
2.
4.
7.

11.
16.

TBULK TWÀLL
70 .9 79 .4

NUTP HTP
64.7 378. O
s6.9 333. O

54.O 315.O
s2.5 307. O
52.1 304. O
sl .5 301.0
51 .4 300.O
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c6.3 FLOW PATTERN:BUBBLE

MG= O.53 QFLUX= 3685 NUTP= 59.9 HTP= 35O PDT: 2.540

1.67 1 ÀLFÀ:o.125 WE= '1 316.O0 TOUT(MEeS)= 71.4, 71.5

INLET
OUTLET
MEÀN

TEST

ML=

PDF=

T NLET
OUTLET
MEÀN

TEST

l{L=

PDF=

TEST

ML=

PDF=

NO:

2601

21 .
22.

NOs

2601

21 .
¿¿-

RESG
400.9
400.6
400.7

P
19.
17.
18.

TBULK
70.7
70.8
70.8
70.9
71.O
71 .1
71 .1

64.1
64 .5
TWALL

79.6
80.8

TWÀLL
80.9

PRL
63.7
62.4
63.3
TWAI-L

81 .3
82.2
a2 .5
42.6
42.6
82.5
42.5

vsL
8.742
8.748,
8-747

vsG
1.26
1 .44
1 .35

vsG
1.77
2. 02
1 .89

vsG
2 .42
2.-78
2.60

TMT}( RESL
70.7 3949
71.1 3998
70 -9 3974

RESL
39s3
3958
3964
397 1

3983
3992
3995

PRL PRG
9
4
7

64-8 0.710
0.710
o-710

.710
-710
.710

.710

.71 0

.7 10

81 .4
81 .7
81.8
81 .9
81 .9

z
2.O
4.5
7.5

11.0
15.5
21 -O22-5

\'SG
1 .27
1.29
1.31
1 .34
1 - 38
1 .42
1 .43

vsG
1.78
-1 .81
1 .84
1 .88
1 .94
1 .99
2.O1

vsG
2.45
2.48
2 .53
2.54
2.67
2.74
2 -77

RESG
567 -5
567.O
567 -3

NUTP
70.6
62 .9
59 .4
58. 3
58 .4
58.5
58.7

HTP
413. O

368.O
347 -O
341 . O

341.O
342. O
343. O

HTP
432-O
385. O

372.O
366. O

371-O
379-O
380. O

NO3 G6.4
2601 MG=

F.LOW PÀTTERN : BUBBLE-SLUG

O.75 QFLUx: 4118 NUTP= 6'4.6 HTP= 377 PDT= 2 -607

1-776 ALFÀ:o.164 wE= 1317.O0 rOUT(r'fpes)= 72.1, 72.1
TMIX RESL

71.3 4016
71.9 4072
71.6 4044

RESL
4021

4054
4065
4068

TMI¡{ RESL
71.3 4016
71.9 4077
71.6 4047

RESL
402'l
4027
4035
4044
4058
4069
4073

P
20.2
17 .6
18-9

82.1
a2-6
a2 .8
82.8
82 .7
82.7

4027
4034
4042

PRGPRL vsL
8.742
a.749
8.749

63.7
62 .9
63.3

o
o
o

z
2-
4.
7.

11.
16-

0
E

5
o
5
o
5

TBULK
71.4
71-4
71 .5
71 .6
71 .7
71.8
71 .8

F'LOW

NUTP=

NUTP
73.9
6s. a
63.7
6'2.7
63.6
64.4
65.1

NUTP
78 .6

c6-5
MG- 1.05 OFLt,,r= 4552

PATTERN: BUBBLE-SLUG

72.2 HTP= 422 PDT= 2.733

1 .944 ÀLFA=O -2O7 918= 131 7. OO TouT(MEÀS ) - 72.O , 72.2
RESG
787.5
7A6.8
787 -1

P
20.5
17 .7
19.1

PRG vsL
8.742
8.749
8.749

INLET
OUTI.ET
MEAN

o
o
o

o
o
0
o
o
o
o

72.6
70.9
70 .6
71.8
73.2
73.1

71 .4
71 .4
71 .5
71 .6
71 .7
71.9
71 .9

o
5
5
o
5
o
5

TBULKz
¿.
4.
7.

11.
16.

HTP
460.
424.
414 -
412 .
419.
424.
427 -



TEST

MfJ=

PDF=

NO:

2601

z
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

21 .
22.

RESL
4030
4036
4044
4053
4067
407 I
4082

RESL
4025
4032
4039
4048
4063
407 4
407 I

VSG
3 .37

TBULK
71 .5
71-5
71.6
71.7
7't .8
71 .9
72.O

PRL
63 .6
62.6
63. 1

l¡WALL
80.7

PRL
63.6
62 .7
63.2
TWALL

80. o

TWÀLL
79.7
ao.2
80.4
80.5
80.6
ao.7
80.7

NUTP
83.9
78.9
77 .4
76.9
78.2
79.O
79 -7

HTP
491.O
451 . O
453.O
450. O
457.O
462-O
466.O

HTP
538. O
510. o
498. O
499. O
505. O
512.O
507 -O

398

vsG
3 .32
3.86
3. s9

vsG
6.07

c6.6
MG= 1.47 QFLUX= 4550

PATTERN: BUBBLE-SLUG

vsL
8-742
8.750
a-749

E'LOW

NUTP= 78-4 HTP= 458 PDT= 2.943
2.244 ALFÀ=O.256 wE= 1317.O0 ToUT(r"fees): 72-2, 72.3

INLET
OUTLTT
MEAN

TMI:{
71.4
72. O
71 .7

TMT X
71.4
72.O
71.7

RESGSLRE P
20.9
17.9
19 .4

81 .4
81.6
81.8
81.8
81.8
a1 .7

3-42
3.48
3. s6
3.69
3.80
3.84

P
21 -4
18.3
19 .9

87 .3
85.2
85.4
a6.5
87 .6
46.7

80. s
80.8
80.9
80.9
80.9
81.0

7'l .5
71 .6
71-6
71-8
71.9
71.9

4 -714.80
4.92
5.10
5.27
s.33

PRG
1 105.
1 104.
1 1 05.

4025
4086
4056

o
7
2

o.710
o.710
o.710

TEST NO: G6.7
ML= 2601 MG: 2.O7 QE.LUx=

PDF= 2.51 6 ALFÀ=O.31 1 WE:

E'LOW

NUTP:

PÀTTERN: BUBBLE-SLUG

461 6 A6.7 HTP: 5O7 PDT: 3-201

1317.o0 Tour(MEÀs): 72.1, 72-3
RESL

4020
4082
4051

RESG
1561.O
1 559 .7
1 560.4

PRG
710
710
7't o

vsL
8.742
8.749
8.749

vsG
INLET
OUTLET
MTÀN

TEST

ML=

PDF=

INLET
OUTLET
MTÀN

21 .
22.

NO: c6.8
2601 MG=

o
o
o

4.
Ê

4.
58
36
96

z
2-
L
7-

11.
'l 6-

o
5
5
o
E

o
5

o
5
5
o
5
o
5

vsG
4-64

vsG
6.15
6.25
6. 38
6.54
6.80
7.03
7 .11

TBIJLK
7'l .4

E'LOW

NUTP=

NUTP
92.O

NU':TP
96.5
92.2
90 .8

91.5 HTP= 535 PDT= 3.448

2.814 ALFÀ=O.363 T,¡E= 1317.OO TOUT(r'¡eeS)= 72.2, 72.3
2.A3 QFLUX= 4702

PATTERN 3 BUBBLE-SLUG

vsL
8.742
8.749
a.749

TMIX RESL
71.4 4020
72-O 4083
71.7 405'r

RESI,
4025
4032
4039
4049
4063
4075
407 9

RESG
2132.O
21 30 .4
2131.4

P
22.1
14.7
20 .4

PRGPRI,

7 .15
6.60

63.6
6'2.7
63 -2

0.710
0.710
o .710

z
2.
4.
7.

11.
16.

TBULK
71 .4

HTP
564. O
539. O
531.0
530. O
533. O
s36. O

537. O

90.6
91 .1
91 .7
91.8

71.5
71 .6
71 .6
71 .8
71.9
71.9



TEST NO: G6.9
ML= 2601 MG= 4.23 9E'LUX=

PDF= 4-821 À'LFA:O.434 WE=

I NI.ET
OUTLET
MEÀN

TMIX RESL
71 -6 4042
72.2 4105
71 -9 4074

RESL
4047
4054
4062
407 1
4085
4097
4101

TEST NO: G6 - 1 O

ML= 2601 MG= 6-64 QE.LUX=

PDF= 3.935 AI,FA:O.497 wE=

399

E.LOW PÀTTTRN ! SLUG-E.ROTH

4701 NUTP= 97.1 HTP:568 PDT= 5.384
1318.O0 TOUT(¡'¡nas)= 72.4, 72.5

742
750
749

o 8.o 8.o 8.
o.71
o .71
o -71

P
23.2
17 .8
20 - s

572.O
560. O
558. O
567.O
s75. O
573.O

101.8
97 -9
9s.9
95 .4
97.O
98.3
98. O

79.
79.
80.
80.
80.
80.
80.

71-
71.
71-
71.
72-
72.
72.

606. O
602. O
601.O
612.O
614. O
614. O

108.2
103.7
103. O
102 .9
104.8
105.O
104-9

79 -5
79 -779.8
79.4
79 "979.9

13. 05
13.36
13.74
14 .39
14"96
15-16

NUTPz
2.
4.
7-

11.
16.

vsG
4.79
9. O2
9.30
9-65

10 .26
10.83
11 . 03

z
2.O
4.5
7.5

11.0
16.5
21 .O
22-5

2
o
9
4
6
o

RESG
3181.O
3178.7
31AO-1

RESG
5000. o
4996. O
4998 .2

PRL
63.3
62 .4
62 -A

PRG VSL

HTP
595. O

F.LOW PATTERN : SLUG-E.ROTH

47OO NUTP=1O4.2 HTP= 609 PDT- 4-436
1318.OO TOUT(MEAS)= 72.5, 72.6

NU,ÎPTWALTBULK
6
7
I
9
o
1
2

PRL
63. 1

62.2
62.7
TWÀLL

79 .1

PRL
62.6
61 .6
62.1
TWALL

79..1
79.5
79.6
79.7
79.7
79.4
79.4

vsL
8.742
8-750
8.749

vsI.,
8.742
8.751
8.750

vsG
a .62

11.13
9-83

vsG
12 .62
15 .26
13.91

vsG
17.40
21.34
19 .32

L
5
9
2
3
3
3
4

TMI:( RESL
71.7 4050
72.3 4'l 14
72 -O 4082

RESL
4056

P
24-9
20.5
22.7

PRG
INLET
OUTLET
MEAN

o
o
o

1

1
1

7
7
7

o
o
o

o
5
5
o
5
o
5

406
407

410
411

407
409

VSG
12-81

vsc
17.68
18. 05
18. 50
19.07
20.02
20.88
21 .18

TBULK
71.7
71-8
71-9
71.9
72.1
72.2
72 -2

TBULK
72.1
72.'l
72.2
72.3
72.4
72.6
72.6

PRG
0.710
0.710
o.710

HTP
633.0

HTP
665. O
639. O
635. O
634. O
642. O
650. O
649. O

21 "22.

TEST

ML=

PDF.=

rNLET
OUTLET
MEAN

NO: G6-11
2601 MG= 9.77

F.LOW PÀTTERN :F.ROTH_ANNULÀR

QFLUX= 4699 NUTp=1O9.8 HTp= 642 pDT= 5.O40
4.594 ÀLFÀ=O.552 WE= 1319.OO 'rOUT(vEeS)= 72.e, 73.O

TMI}i RESL
72.O 4086
72.6 4150
72 -3 4118

RESL
4091
4098
41 06
4115
4130
41 42
41 46

RESG
7351 .O
7344.9
7348.2

P
26.6
21 -6
24.1

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

NUTP
113.8
109.3
108.6
108.5
109.8
11'l .2
111.0



400

NO! G6.12 E.LOW PÀTTERN :FROTH-ÀNNULAR

2601 MG= 13.06 Qrlux= 4594 NUTP=117.5 HTP= 647 PDT= 5.767
5.355 ALFÀ=O.586 }rE: 1318.O0 ToUT(r¿eas)= 72.4, 72.7

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

Tç.TALLz
2.
4.
7.

11.
16.

o
5
5
o
5
o
5

TMIX RESIJ
71 .7 4053
72-3 4115
72 -O 4044

RTSL
4058
4065
407 3
4082
4096
41 07
4111

TMI X
71-9
72 -5
72.2

RESI.
407 1
41 36
4103

RESL
407 6

.34

.94

.68

.94

.08
-49

RESG
13707.O
13694.6
13700.8

120 .8
115.9
116.6
116.s
117.3
119.9
119.4

78.2
78 .6
7e.6
78.7
78.8
78.8
78.8

22
22
23
24
26
26

vsG
21 -46

VSG
28. Os
28 .71
29 .54
30.57
32.35
33.96
34-53

vsG
35.70
36.57
37.67
39. O4
41.41
43. s6
44-33

TBULK
71 .7
71.8
71-9
72.O
72-1
72.2
72 -3

NUTP HTP
706-O
678.O
642. O

681.O
686. O
701.O
698. O

HTP
721 .O
699. O
6s8. O

692-O
706. O
713.O
709.O

RESG
9833. O
9824.9
9429 .2

P
2A.A
23.O
25.9

P
31.4
24 .6
28. O

PRL
63.1
62.2
62 .6

PRL
62 .8
61 .9
62 .4
TWÀLL

7A.6
78.9
79.4
79.1
79-1
79.2
79.2

62 .4
61 .5
61.9

PRG
0.710
0.710
o .710

vsL
8.742
8.750
8.750

vsG
21.49
26.70
24-02

vsG
27.54
34.83
31 - 06

v
5
4
9

TEST

ML=

PDF =

I NLET
OUTLET
MEAN

21 .
22-

21 .
22.

NO3

2601

NO: G6.13 FLOW PÀTTERN : r.ROTH-ANNLAR

2601 MG= 18.22 QF'LUX= 4A2O NUTP=119.1 HTP: 696 PDT= 6.738

6-364 ALFA:o.625 I^78= 1318.00 ToUT(tqgas)= 72.6,73.O

INLTT
OUTLTT
MEÀN

TMI)t
72.1
72.8
72.4

RTSL
4097
41 63
4130

RESG
19159.0
19141 .7
19150.5

TBULK
71 .9
72.O
72.1
72.1
72.3
72.4
72.4

TBULK
72.2
72.2
72.3
72.4
72.6
72.7
72.7

123 .3
119.5
11?.6
118.3
120.8
121 .9
121 .3

4083
4091
4100
4115
4'l 27
41 32

o
E

5
o
5
o
E

NIJÎ¡Pz
t
4.
7.

11.
16'.

PRG
0.710
0.710
0.710

vsL
8 -742
8.751
8.7s0

10 8.742
10 8.751
10 8.751

TEST

ML=

PDF=

c6. 14 E.LOW PÀTTERN 3 F.ROTH-ANNULAR

MG= 25.47 QF.LUX: 4837 NUTP=124.4 HTP= 727 PDT= 7.682

7.341 ALFÀ=O.659 I{E= 1319.OO TOUT(MEÀS)= 72.7, 73.3

o.7
o.7
o-7

P
34 .5
26.4
30.6

PRL PRG \¡SL SG
- o3
.73
.71

3
4
3

7A.9
79-1
79.1
79.2
79.2
79.3

41 09
41 17
41 27
41 42
41 54
41 58

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

RTSL
41 03

TWÀLL
7A .6

NUTP HTP
747.O
721 .O
717.O
718.O
731 .O
742-O
737.O

127 -7
123 .4
122 .6
122 .7
125. O
126 .8
126 .1



40l-

NO! c6.1 5 F'LOW PATTERN:ANNULÀR

2601 Mc= 41.59 QFLU}(= 4A2O NUTP=129.3 HTP= 756 PDT= 8.832
8.534 ALFÀ=O.7O2 wE= 132O.OO TouT(Meas)- 72.6, 73-7

TEST

ML=

PDF=

rNLET
OUTLET
MEAN

SLRE

NUTP

41 32
41 98
41 65

o
o
o

PRG
710
710
710

2
4
4
o
6
2
3

135
128
128
127
129
131
131

o
Ê

5
o
5
o
5

2
4
7

11
16
21
22

TMI X
72.5
73.1
72.8

RESL
41 38
41 45
41 53
41 62
417 7
41 90
41 94

TMIX RESL
72.7 4160
73.4 4228
73.1 4194

RESL
4'166
417 3
41 81
41 91
4207
4220
4224

TMIX RESL
73.1 4199
73.8 4270
73.4 4234

RESL
4205
421 2
4221
4231
4247
il261
4265

vsG
50 -26
51 .47
53.O1
54 .92
58.21
61 .21
62 -24

vsG
67.75
69 .37
71 .41
73.94
78 .31
a2 .29
83.71

86.
88.
91.
94.

TBUI-K
72 -572-6
72.6
72.7
72.9
73.O
73-O

TBULK
72.8

RESG
31266.O
31237.9
31 252.1

P
40. o
31 .2
35.6

PRL
61 .9
60.9
61 -4
TWALL

7A .6
79.O
79.1
79.2
79.2
79 .3
79-3

PRL
61 .4
60.5
60 .9
TWALL

78.4
79.1
79 -3
79 .3
79.4
79.4
79 -5

PRL
60. a
59.9
60 .4
Th'ÀI-L

79 -2

vsL
8.742
8-752
8.751

VSL
8.742
8.753
8.752

vsL
8.742
8.753
8-753

vsG
49 .33
62.A3
55.84

HTP
791 .O
751 -O
751 . O
743.O
758.O
767.O
76A-O

PDT= 9.814
74.O

TEST

ML:
PDF=

NO!

2601

c6.16 FLOW PATTERN:ÀNNULAR

MG= 63. 05 oFLUX= 4996 NUTp=1 37 .5 Hlp= 804

9.551 ALFÀ=O.737 WE= 132O.OO TOUT(Þreas)= 72.5,

TNLET
OUTLET
MEAN

INLET
OUTLTT
MEÀN

RESG
47384.O
47339 -8
47362-1

'l
1

1

RGP
o-7
o.7
o.7

P
45.0
35.2
40. 1

o
o
o

NUTP
141.5

VSG
66.51
84 .44
75.17

vsc
84.80

107.76
95.48

HTP
828. O
805.0
788.0
799.O
ao6.o
813.0
816.O

137 .6
134.7
136.7
137 .8
139.1
139.5

9
9
o
2
3
3

72
72
73
73
73
73

z
2-O
4.5
7 -5'r1.o

16.5
21 .O
22-5

F.LOW PÀTTIRN3ÀNNULÀR

ML= 2601 MG- 90.56 QFLUX= 5176 NUTP=141.2 HTP= 825 PDT=11.108
PÐE'=1O.87O ÀLFA=O.763 WE= 1321 . OO TOUT(MEAS)= 73.1, 74.4

P
50.7
39.6
45.2

831.O
822.O
812.O
821.0
835. O

833. O

142.1
140.6
138.9
140.4
142.8
142.5

79.4
79.6
79.8
79.9
79.9
79.9

73.1
73.2
73.3
73.4
73.6
73.7
7 3.7

38
45
o6
31
91
o1
83

99.
106.
1 06.

68026. O
67 959 .9
67 992 .9

RESG

TBUI.KvsG

PRG
o-710
0-709
o.710

L
2.O
4.5
7.5

11.O
16.5
21 .O
22.s

NUTP
146.9

HTP
859. O



TEST

ML=

PDF=

INLET
OUTLET
MEÀN

NO: G7.1
5397 MG=

402

F.LOW PÀTTERN: BUBBLE

O.09 QFLUx= 2814 NUTP=116.4 HTP= 680 PDT= 6.47O
5.487 ALFA=O. O1 O WE= 5679. OO TOUT(MEÀS ) =

PRL PRG

72.9, 73.O
TMIX RESL

72.5 8581
72.7 8619
72.6 8600

RESL
8584
8588
I s93
I s98
8607
8614
861 6

VSG

c7.2
MG= O.24 QFLUX:

RESG
68. O

68. O
6a-o

RESG
176-9
176.A
176.9

TBULK
72.5
72 .5
72 .5
72.6
72.6
72 .6
72.6

P
26.6
20 .1
23-4

P
27 .1
20-6
23.9

P
27 .4
20.a
24 .1

TWALL
76.5

TWÀLL
77 .8
78.O
78.1
78.2
78.2
78.2
78.2

PRL
61 .2
60.8
61 . O

TWALL
78.8
79.O
79.2
79.2
79.2
79.2
79.3

vsL
18 .137
18. 157
18. 156

vsL
. 137

HTP
704.O
688. O
675.O
671.O
642. O
682.0
678. O

HTP
706. O
684. O
676.O
667.O
675.O
678. O
678.O

VSG
o.16
o.21
0.19

\'¡SG
o-41
0.54
o .47

vsG
o.82
1.08
o-95

61.8 0.710
61.6 0.710
61 .7 0.710

76.6
76 -7
76.8
76.7
76.8
76.8

0.16
o.17
o.17
0.18
0.19
o.21
o -21

z
2.O
4.5
7 -5

11-O
16.5
21 .O
22 .5

NUTP
120 .3
117 .7
115.5
114.7
116.6
116.6
115.O

TEST

ML=

PDE.=

NO:

5397
FLOW PÀTTERN:BUBBLE

3664 NUTP=1 1 5. B HTP= 677 PDT: 6.559
568O.OO TouT(¡qees)= 72-9, 73.15.591 ALFA=O-025 wE=

TMI}ß RESL
72.6 8609
72 -9 8659
72 -7 8634

PRGPRL
INLET
OUTLET
MEÀN

INLET
OUTLIT
MTÀN

RESL
8613
8619
8625
4632
864 3
8653
I 656

RESL
867 1

VSG
o-42

TBULK
72.6
72.7
72 -7
72 -7
72.8
72.8
72.A

61.6 0.710
6'r.3 0.710
61 .4 0.710

I
I
I

1
1
1

157
157

120 .7
117.1
115.6
114.O
115.5
115.9
116.O

o.43
o.45
o.46
o .49
o. s2
o.53

z
2-O
4-5
7.5

11.O
16.5
21 .O
22 .5

NUTP

ML= 5397 MG= O.48 QFLUX=

PDF= 5.664 å'L.E.À=O. O48 WE=

FLOW PATTERN:BUBBLE,

4342 NUTP=121.4 HTP- 71O PDT= 6.61O
5683.OO TOUT(rqees)= 73.3, 73.4

TMI X
72.9
73.2
73.O

RESL
8667
8726
I 696

RESG
357 .7
357.5
357.6

PRG
o.710
o.710
o.710

vsL
18 .137
18. 159
18.158

8678
8685
86 94
87 07
8718
8722

z
2.O
4.5
7-5

11.O
16.5
21 .O
22 .5

vsG TAUIJK
72.9

NUTP HÌnP
739.O
718.0
701.O
702-O
710.O
711.O
710-O

126.4
122 .7
119-9
120 -1
121 -5
121 .7
12't .4

72.9
73. O
73.O
73.1
73.1
73.1

o-84
o.86
0.89
o.93
o. 99
1 . 05
1.O7



TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF:

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

INLET
OUTLET
MTAN

NO: G7.4
5397 MG=

FLOW PÀTTERN:BUBBLE

O.75 QF.LUX: 5567 NUTP=115.8 HTP- 677 PDT= 6.658

5.735 ÀLFA=O.071 wE: 5685.OO ToUT(¡'¡eas)= 73.7, 73.8
RESG
567-O
566.7
s66. 9

PRG
o.710
o.710
0.710

vsL
18 . 137
18. 160
18. 159

403

vsG
1 .26
1 .63
1-44

P
28 .4
21 .8
25-1

E

29 .1
22 .3
25 -7

PRL
60.8
60.3
60. 6

PRL
60.6
60. o
60.3

73.1
73.2
73.2
73.3
73.4
73.4
73.4

z
2.O
4.5
7.5

11.0
1 6.5
21 .O
22.5

TMTX RESL
7 3 .1 8715
73.5 8791
73.3 8753

RESL
87 21
a729
87 38
87 49
87 67
87 81
a7 a6

TBULK TWALL

TMI'<
73.3
73.7
73.5

RESL
a7 53
a839
8796

vsG
1 .29
1 .32
1 .36
1 .41
1 .51
1 .59
1-6,2

\/SG
1-75

vsG
2.41

RESG
789.7
789.3
789.5

PRG
o.710
o.709
o.710

vsL
18 -137
18.161
18 . 160

81 . O

81 .3
81 .5
81 .6
81.6
81 - 6
81 - 6

NUTP HTP
704.O
683. O
673.O
67 1.O
674-O
678.O
6'79.O

120 .5
116.9
115.0
114.7
1'15.3
115.9
116.1

NO: G7.5
5397 MG=

8.LOW PATTERN ! BUBBLE

1.05 9FLUX= 6258 NUTP:12O.3 HTP- 7O3 PDT- 6.777

5.875 ÀLF'À=O . O92 wE= 5687 - OO ToUT (rqeas ) = 73.9 , 73 .9
vsG
1-72
2.22
1 .96

125 .5
121 .1
118 .7
119.3
120 .1
120.7
120 .6

81.8
a2 -2
a2 .4
82 .4
a2 .5
a2 -5
a2-5

73.3
73.4
73-4-73.5
73.6
73.6
73-6

1 . BO
1 .8s
1.92
2.04
2.16
2 -20

87 69
8780
a7 92
8812

z
2.O
4.5
7.5

11.O
16.5
21 .O
22.5

NO! c7.6
5397 MG=

RESL
87 60

88 2A
8833

RESL
88 38
8848
88 60
887 4
88 96
8915
8921

TBULK TWÀLL NUTP HTP
734-O
708. O
694. O
698. O
703. O
706.0
705. O

FLOW PÀTTERN : BUBBLE_E.ROTH

1.48 QFLUX= 7027 NUTP=1?O.7 HTP= 706 PDT= 6.996

6-123 A'LFA=O-121 wE= 5690.OO ToUT(¡"rg¡s)= 74.3,74-3
TMIX

73.6
74-1
73.9

RESL
8830
8927
8878

RESG
1109.O
1 108.4
1 108.8

PRG
o.709
o.709
o.709

vsL
18.137
18. 163
18 .162

P
29.4
22.8
26.3

83.
83.
83.
83.
83.
84.
84.

73.7
73.7
73.4
73.4
73.9
74.O
74.1

2.47
2.55
2 .65
2.82
2.97
3. O3

o
5
5
o
5
o
5

vsGPRL
2 .36
3 - O6
2-69

60. o
59 .4
59.7
TWAT.TBULKz

2.
4-
7.

11.
16.

696. O
705. O
705. O
706.o

126 .1
121 .2
120.2
119.1
120 .6
120 .7
120.8

L
2
6
I
9
9
o
o

NUTP HTP
737.O
709.O
703. O

21 .
22-



TEST

ML=

PDF=

I NLET
Ot'TLET
MEAN

NO3 c7.7
5397 MG=

E.I-OW PATTERN : BUBBLE-E.ROTH

2.O3 QF.LUX= 7877 NUTP=124.1 HTP= 726 PDT= 7.264
6.422 ALFÀ'=O.1 53 wE= 5694. OO TOUT(r"Íees ) = 74.8 , 74.9

RESG
1525.O
1524.O
1 524 .6

P
30.7
23.4
27.O

PRL
59-4
58 -7
59. 1

TWALL
84.5
84.9
85.1
85.2
85.3
85.3
85.4

TWÀLL
86. O
86. s
86 .7
86.8
86.9
87. O
87.0

PRL
57 .9
57 .2
57 .6

87

PRG
o.709
0.709
o.709

vsL
18. 137
18. 165
18.164

404

vsG
4 .29
5. 54
4 .89

TMIX RESL
74.O A917
74.5 9026
74.3 8971

RESL
4926
8937
8951
4967
4992
901 2
901 9

TMIX
74.5
75.1
74.8

RESL
9023
91 46
908s

RESL
9033
9046
906 1

9079

vsG
3.16
4.10
3-61

z
2.
4.
7.

11.
16.

125
123
122
123
124
123

o
5
5
o
Ê

o
5

vsG
3.22
3.30
3-41
3-54
3 -77
3. 98
4 - O6

TBULK
74.1
74.1
74.2
74.3
74.4
74.5
74.5

NUTP
129 .

HTP
755. O
732.O
720.O
717.O
723.O
730.O
724-O

1

2
1

6
7
9
9

TEST

ML=

PDF=

21 .
22.

NO:

5397

c7.8 FLOW PATTERN : BUBBLE_F.ROTH

MG= 2.49 QFLUX= 8791 NUTP=125.7 HTP= 735 PDT= 7.464
6-662 ÀLFA=O.192 wE= 5698.00 TOUT(MEÀS)= 75-3, 75.3

rNLET
OUTLET
MEAN

TTST

ML=

PDF=

INLTT
OI'TLTT
MEAN

RESG
2169.O
2167.9
2164-A

54.7 0
57 -9 0
58.3 0

18 .137
1 B. 168
18 .167

.7 09

.7 09
-709

P
32.2
24 .7
2A-4

PRL PRG VSL

127 -O
125-1
124 .4
125. O
125 .6
126-O

91 07
9130
91 38

z
2.O
4.5
7.5

11.O
16.5
21 "O22 -5

VSG
4-37
4.48
4 .62
4.80
5.10
s.38
5.48

vsG
6.10
6 .25
6.43
6 .66
7.06
7 .43
7 -56

?BULK
74.6
74.6
74-7
74.8
74.9
75.O
75.O

NUTP
131.4

HTP
768.O
743.O
732.O
724-O
731 .O
734.O
737 -O

PDT= 7 -4O4

75.8

NO: G7.9
5397 MG-

F.LOW PÀTTERN: FROTH

4.22 QFLUx= 9346 NUTP=12A.3 HTP- 751

6.650 ÀLFÀ=O.241 WE= 5702.OO TOUT(¡"rgas)= 75.8,
TMIX RTSL

75.O 9130
75.6 9261
75.3 9196

RESL
91 41
91 55
917 1

91 90
9220
9244
9253

RESG
3162.O
3160 .2
3161 .5

P
33.6
26.2
29 -9

PRG
0.709
o.709
o.709

vsL
18 .137
18.170
18.169

VSG
5.99
7 .62
6 -78

a
I
I
I
I

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

TBULK
75.1
75.1
75.2
75.3
75.4
75.5
75 -6

TWÀ'LL NUTP HTP
779. O
756.O
741 .O
743-O
749.O
756.O
757.O

o
5
I
I
9
9
9

7
7
7
7
7
7

133.3
129.2
126 .8
127 .'l
128.O
129 .3
129 .4a



ML= 5397 MG= 6.62 QFLU}(=

PDF= 7.81 7 ÀLFA=O.3O2 wE=

405

E.LOW PÀTTERN ! FROTH

9344 NUTP=135.8 HTP= 794 PDT= 8.511
5704.OO ToUT(r"rp¡s)= 76.O, 76-2

I NLET
OUTLET
MEÀN

TMI}( RESL
75.2 9179
75.8 9309
75.5 9244

RESL
9189
9203
921 9
9234
9264
9293
93 01

TMI}( RESL
75.4 9227
76.O 9362
7 5 .7 9294

RESL
9234
9252
9269
9249
9320
9345
9353

TMI >ß

75.9
76.5
76.2

RESL
9324
947 0
9397

RTSL
9337
9352
937 0
9391
9424
945'2
94 61

NL'TP

PRG
0.709 1
o.709 1

o.709 1

NUTP
146.3

2-4
1.1
1.3
3.2

VSG
I .59

1 1 . 09
9 -79

HTP
817. O
789.O
781 -O
784-O
799.O
809. O
807-O

vsG
11 . 04
14.33
12.62

PDT=1 O.298
76.9

TBULK TWALL
75-
75-
75.
75.
75-
76.
76-

P
43 .5
33.2
38.4

TBULK
75.9
76.O
76.1
76.2
76.3
76.4
76.5

RESG
4955-O
4951 .1
4953 - 2

P
36.7
28 .2
32-5

P
40.3
30.8
35.5

PRL
57 .6
s6. 9
57 -3
TWALL

86.7
87 .2
87 .4
8-7 .4
87 -3
87 .3
87 .3

PRL
57 .3
56.5
56.9

PRG
o.709
o.709
o -709

vsL
18 .1 37
18.171
18.170

z
2.O
4.5
7.5

11.0
16.5
21 .O
22-5

\/SG
4.76
8.99
9 .27
9 .62

10.23
10.79
10.99

\¡SG
11-26

TBULK
75.3
75.3
75.4
75.5
75.6
75.7
75 -8

139.7
135. O
133.5
134. 1

136.6
'1 38.4
138. 1

TEST NO: G7.11
ML= 5397 MG= 9.32 QFLUx=

PDF= 8.864 ÀLFA=O.347 wE=

FLOW PÀTTERN:FROTH

9624 NUTP=142.9 HTP= 836 PDT= 9.513
57O6.OO TOUT(rqe¡S)= 76-2, 76.4

RESG
6979.O
697 3 .2
697 6 .2

vs L
37
72
71

856.O
833.0
825. O

a26. 0
837.O
849. O
853-O

I NLET
OUTLET
MEAN

TEST

ML=

PÐF=

INLET
OUTLIT
MEAN

8.1
8.1
8.1

z
2.O
4.5
7.5

11.O
16.5
21 -O22-5

HTP

1
1
2
3
3
4

1
1
1
1
1
1

.56

.93

.39
-19

14
14
14
14

5
6
6
7
9
o
o

86.7
87 .1
a7 -3
87 .4
87 .3
a7 .3
a7 -3

.93
-20

145.1
145-9

NO! G7.12 FLO!.Ì PATTERN: FROTH

5397 MG= 12.99 QFLUx= 10343 NUTP=149.4 HTP= 874
9.695 ÀLFA-o.393 wE= 571O.OO TOUT(¡'¡eeS)= 76.6,

RESG
9714 . O
9709.1
9713.7

56 -7
55.9
s6.3

PRL

TWÀLL

PRG
0.709 1

o.709 1

o.709 1

vsL
a .137

vsG
14.26
18 .53
16.31

I
I

175
173

z
2.O
4.5
7.5

11.0
16.5
21 .O
22.s

G
55
93
41
o1
0s
o1
3s

1'S
4.
4.
5.
6.
7.
8.
8.

1
1

1
1
1

1
1

87 .6
87-9
88. 1

88.2
88. 1

88. O
88.1

NUTP
152 .1
148.4
147.1
147.4
1 50.3
152.5
152.5

HTP
889. O
868. O
860. O
462.O
879.0
892. O
892. O



TEST

ML=

PDF=

NO:

5397
c7 .13 FLOW PATTERNsFROTH

MG= 19. 03 Qn¡-Ux= 10982 NUTP=157. O HTP= 918

406

PDT:1 0.298
77 .59.741 ÀLEA=0.441 wE: 5715.O0 TOUT(MeaS)= 77.3,

r NLET
OUTLET
MEÀN

TMIX
76.4
77 .1
76.8

RESL
9442
9597
951 9

RESL
94 55
947 1

9490
9s13
9548
957 7
9587

TMI>( RESL
76 -6 9491
77 -4 9654
77 -O 9572

RESL
9504
9521
9542
9565
9603
9634
9644

RESG
14229-O
14214 -9
14222.O

RESG
18737.O
187 17.e
18727 -6

P
48.5
3A.2
43 .4

P
53.8
41.0
47 .4

PRL
56. O
55. 1

55.5

PRL
55.7
54.8
55 .2
TWALL

88.6

PRL
56. 1

55.3
55.7
TWALL

89 .4
89.7
89.9
90. o
90. 1

90. 1

90.2

PRG
o.709
o.709
o -709

vsL
18. 137
18.177
1B-176

vsG
18.75
23 .63
21 .11

\'/SG
22-30
2A .99
25.50

VSG
o.16
o.22
o.19

TEST NO: G7.14
ML= 5397 MG= 25.07 QFLUX=

PDF=12.224 ALF'A:O . 474 vtE,-

vsc TBULK TWALL
88.3
88.6
88.8
88.7
88.8
88.8
88.8

NUTP
19.09 76- 158 -

FLOW PÀTTERN!FROTH

1 1 561 NUTP=1 63 - 3 HTP= 955 PDT=12.747
57 17.OO TOUT(rqeaS): 77 -6. 77 -B

HTPz
2-
4.
7-

11.
tt).

o
o
o
o
o
o
o

949.0
945. O
946. O
959. O
969. O
972.O

162 -
161 .
161 .
164 .
165 "
1 66.

88.9
89.1
89 .2
a9 .2
a9-2
a9 -2

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

o
o
o
o
o
o
0

o
5
5
o
5
o
5

155
154
156
157
159
159

19.53 76.
20.09 76.
20.78 76.
21 .97 76.
23.O5 77.
23 -43 77 .

o
F

5
o
5
o
5

5
5
6
7
9
o
1

5
5
4
4
7
4
4

3
3
6
B
o
7
2

927
910
903
915
922
932
932

21 .
22-

I NLET
OUTLET
MEÀN

TEST

ML:
PDF=

T NT.ET
OUTLET
MTAN

NO! c8.1
71 96 MG=

TMI
76.3
76 -976.6

RESL
1 2568
12741
1 2655

vsG
22.75
23 .34
24-09
25-03
26.67
28"17
28 .71

TBULK
76 -7
76.8
76.9
76.9
77 .1
77 "377 -3

PRG
o.709 1
o.709 1

0.709 1

NUTP
1 6s.

PRG
o.709
o.709
o.709

HTP
967.O

vsL
a .137
8. 178
8 -177

F.LOW PÀTTERN: BUBBLE

O.11 QFLU}ß: 12255 NUTP=157.2 HTP= 919 PDT: 9.799
8.814 ALFA=O.OOB WE= 1O158.OO TOUT(r.feaS)= 77-1, 77.1

GRESx

vsG

P
33.6
23.8
2A.7

917 .
913.
918.
921 .
919 -

15
15
15
15
15
15

76.4
76.4
76.5
76.6
76.7
7 6.8
76.9

o.16
o .17
o. 18
0.18
0.20
o.21
o .22

83 -783.6
83.7

vsL
24 .1 83
24.235
24 .233

z
2-
4.
7.

11.
16.

RESL
1 2582
1 2600
1 2622
1 2647
1 2687
127 19
12730

TBULK NUTP
160.8

8.0
6.9
6.1
6.9
7.5
7.1

HTP
940.
924.

21 .
22.



TEST

ML=

PDF=

INLET
OUTLET
MEAN

TMIX
77.O
77 .6
77.3

TMT}(
77.2
7-7 -8
77 -5

RESL
12765
1 2937
1 2851

RTSL

RESL
1 2831
13002
12917

PRL
55.2
54 -5
54. B

TWÀLL

PRL
54.9
54.2
54 .5
TWÀLL

89.6

PRI-
54.9
54 -2
54.5
TWÀIJL

89. s
49.7
90. o
90.1
90.1
90.2
90.3

PRG
o.709
o.709
o -709

vsL
24 .1 83
24.239
24 -237

407

vsG
o.43
0.61
o-52

vsc
o-71
0.99
0.84

vsG
1 . OO
1.40
1 .19

NO! c8.2
71 96 MG=

F.LOW PATTERN 3 BUBBLE

o.31 QFLU)c= 12102 NUTP=160.8 HTP= 94O PDT= 9.954
8.982 ALFÀ=O.O2O wE= 10168.O0 TouT(r'reas)= 77.7, 77.7

P
34-1
24.2
29.2

RESG
231.6
231.4
231.5

z
2.
4.
7.

11.
16.

o
5
5
o
5
o
5

164.5
162.8
1 60.8
159 .4
160.2
1 60.6
160 .4

89.6
89.8
90. o
90 .2
90.3
90.4
90 .4

12779
12797
12819
1 2444
1 2a83
12915,
1 2926

vsG
o.45
o .46
o.48
o.50
o. 54
o.58
o.50

VSG
o-73
o.75
0.78
0.82
o.89
o.9s
o.98

TBULK
77.O
77 .1
77.2
77 .3
77 .4
77 -5
77 .5

NtJTP HTP
962.O
952.O
941.0
932.O
937.O
940. o
938. O

21 .
22.

TEST NO! G8.3
ML= 7196 M:G= O-52 QFLUT=

PDF= 9.235 ÀLF'À:O.033 WE=

FLOW PÀTTERN:BUBBLE

1 2O5O NIJTP=1 63 - A HTP= 954 PDT=1O - 195

10171.O0 TOUT(tqeeS)= 77-A, 77-8

INLET
OUTLET
MEÀN

TTST

ML=

PDF=

I NT-ET
OUTLET
MEAN

RESL
1 2845
1 2863
12885

NUTP HTP
974.O
966. O

957. O

943.O
959. O
962.O
964. O

z
2.O
4.5
7 -511.0

16. 5
21 .O
22.5

NOs G8.4
71 96 MG=

RESG
38s. O
384.7
384.9

P
34.8
24 .6
29.4

P
35.5
25.2
30-3

PRG
o.709
o.709
o.709

VSL
24 .1 A3
24 -24024.239

TAULK
77 .3 167.2

1 65. 1
'r 63.6
161 .2
164.O
164-4
164.8

89.8
90-o
90.3
90.2
90.2
90-3

77 -3
77 .4
77 .5
77 .6
77.7
77 .8

1 290
1 294
129A
1 299

9
9
1
1

FLOW PATTERN:BUBBLE

O.-74 QFLUX= 12025 NUTP=16'4.2 HTP= 960 PDT=1O -286
9.339 ALFÀ=O.045 wE= 10171 .OO TouT(¡qees)= 77.9, 7A.O

TMI>ß
77.2
77.8
77 -5

RESL
1 2831
1 3002
't 2916

RTSG
555.4
554.9
555 -2

PRG vsL
24.183
24.240
24.239

.7 09

.7 09

.7 09

o
o
o

16
16
16
16
16
16

TBULK
77 .3
77 .3
77 .4
77.5
77 .6
77.7
77.7

l¿
2.O
4.5
7.5

11.O
16-5
21 .O
22.5

RESL
12e45
12863
1 2884
12909
1 2948
1 2980
1 2991

vsc
1 . 03
1.06
1.10
1 .16
1.25
1 .35
1 .38

NUTP
167 .7

6.2
3.2
2.6
3.9
4.9
4.1

HTP
981.0
972.O
954. O

951.O
9s9-0
964 .0
960. O



TEST

ML=

PDF=

I NLET
OUTLTT
MEAN

TMIX
77 .4
78-O
77.7

RESL
1 2884
1 3060
12972

P
36 -726.2
31 .4

P
39.5
2A .4
34. O

PRL
54. 6
s3.9
54. 3

Tf^tÀLL
90.2
90 .4
90.7
90.8
90.7
90.8
90.9

PRG
o.709
o.709
o.709

VSL
24 .1 83
24.241
24 -240

408

vsG
1-42
1-97
1.68

vsc
1 .89
2.60
2.22

No3 c8.5
7196 l.ÍG=

FLOW PAÎFTERN ! BUBBLE-F'ROTH

1.09 QFLUX= 124OS NUTP=163.3 HTP= 955 PDT=1O.488

9.558 A'LFA=O.O62 WE= 1O174.OO TOUT(MeeS)= 7A.2,78.2
RESG
812 .7
812.O
812 .4

z
2.
4.
7.

11.
'16.

o
5
5
o
5
o
5

RESL
12898
12917
1 2939
1 2964
1 3005
13038
13049

vsG
1 .46
1 .50
1 .56
1 .64
1.77
1 .90
1.94

vsG
1 .93
1.99
2-07
2.17
2 .34
2 .51
2 .57

vsG
2 .62

TBULK
77 .4
77.5
77 .6
77.7
77.8
7'7.9
77 -9

TBULK
77.8
77.9
77 -9
78.O
78.2
74.3
7A -3

NUTP
1 66.5

HTP
974.O
960. O
944.O
945-O
960. O
960. O
958. O

164 .2
161 .5
161 .5
164.2
164.1
163.9

TTST

ML=

PDF=

21 .
22.

NOs
-t 196

c8. 6 FLOW PÀTTERN : BUBBLE-F.ROTH

MG= 1.49 QF'LUX= 13234 NUTP=166.2 HTP= 972 PDT:1O.646
9.733 ALE'A=O.08O wE= 1O18O.OO TOUT(veas)= 78-5,78-5

I NLET
OUTLET
ME,ÀN

INLET
OUTLET
MEAN

TMIX
77 -7
78-4
78.1

TMIX
77 .8
78.4
78 .1

RESL
1 2989
13178
1 3083

RESG
1 1 09. O
1 1 08.8
1109.3

PRG
0.709
0.709
0.709

vsL
24 .1 83
24.244
24.242

P
37.8
27 .1
32.5

165 .9
167 .5
164-2
165.9
167.1
165.6

3025
3048
307 6
3119
31 54
31 66

PRL
54 .2
53 .4
s3.8

z
2-O
4.5
7.5

11.O
1 6.5
21 -O
22 .5

RESL
3005

TWÀLL
91 .2
91 .5
91 -4
91.8
91 .8
91.8
92-O

NUTP
169-2

HTP
989.O
970.O
980. O
960. O
9'70.O
977.O
969. O

1

1

1
1

1

1

1

ML= 7196 M.G= 2.11 QFLUX=

PDF=1O. 155 ALFA=O.104 ÞtE=

F.LObI PATTERN : BUBBLE-F.ROTH

13324 NUTP=167.1 HlrP= 977 PDT=11.O43

1O180.OO ToUT(MEÀs)= 78.6, 78.6

2 .56
3 .52
3.O1

54.1
s3.4
53.8

1 3002
13192
1 3097

vsGPRLSLRE

NUTP

RESG
1 575. O
157 3 .6
157 4 .4

PRG
o.709
0.709
0.709

vsL
24 .1 83
24.244
24.242

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

RESL
301 8

TBUf,K
77.8
77 .9

TWÀIJfJ
91 .3
91 - 5
91 .8
91 .8
91 .8
91 -9
91 .9

9.7
7.1
5-4
6.4
7.4
8.2
8.1

HTP
992.O
977.O
968. O
973.O
979.O
983. O
983. O

1
1
1

1
1
1
1

78. O
78.1
78.2
7A-3
78.4

2.70
2.81
2.94
3 .17
3.40
3.48

3038
3061
308 9
3133
31 6B
3180

16
16
16
16
16
16
16



TEST NO: G8.8

ML= 7196 MG= 2.87 QFLUX=

PÐF=1O.596 ÀLFA-O.130 WE=

409

F.LOW PÀTTERN : BUBBLE-FROTH

13327 NUTP=168.O HTP= 983 PDT=11.459
10182-OO TOU':c(Mp¡S)= 78.8, 78-7

I NLET
OUTLET
MEAN

TMIX
77 -9 1

78.5 1

78.2 1

RESL RESG
2144.O
21 42.3
2143-3

P
41 -'l
29.7
35.4

PRL
54. O

53.3
s3.6

PRG
o -709o.709
o.709

vsL
24 .1 83
24.245
24.243

vsG
3.35
4 .60
3 .94

vsG
5 .87
8. 04
6-89

302
321
312

9
I
3

z
2.
4.
7.

11.
16.

o
5
Ê

o
5
o
5

1
1
1
1
1
1
1

3 -54
3.67
3.84
4 .15
4 .44
4-54

3 064
3088
3115
3159
31 95
3206

13
13
13
13
13
13

RESL
3044

vsG
3-43

vsG
4 .65

TBULK
77.9
78. O
78.1
78.2
78.3
78.4
78 -5

TBULK
7A -2

TWAI.L
91 .2
91 .5
91 .7
91.8
91 .9
91 .9
92.O

PRL
53.6 0
52.9 0
53-2 0

TWALL

NUTP
171.2
168.4
167.O
166.7
168 .2
168.7
168.4

HTP
1001 . o

987.O
977.O
975.O
984. O
947.O
985. O

PDT=11.9O2
79.O

21 .
22.

TEST NO: G8.9
ML= 7196 MG=

E.LOW PÀTTERN: FROTH

4.17 QFLUX= 13707 NUTP=172.7 HTP=1O10

PÐF=11-073 ,{LFÀ=o.164 wE= 10187.0O TOU,:c(vees)= 79.O,

I NLET
OIJTLET
MEAN

INLET
OUTLET
MEAN

TMIX
78 -2
78.8
78.5

RESI-
13121
13316
13219

RESG
3106.O
3103.6
3105.1

vsL
24.183
24.247
24 -245

vsL
24 .1 A3
24.247
24 -245

VSG
4-5&
6.16
5.31

HTP
o25 -

PDT=12.578
79.O

P
44-o
32.1
38. O

o10.
oos.
oo6.
oo8 -
o18.
o10.

175.2
172.7
171.8
171.9
172.4
174.1
172 -A

91 .9
92.O
92.1
92.2
92 .2
92.4

78.2
78.3
78-4
7A -5
7A.6
78.7
7A -A

4.-79
4 -965.19
5. 58
5. 96
6-O9

P
45.2
32 .6
38.9

172
170
170
172
172
172

91 .7
91 .9
92.2
92 .3
92-3
92 .4
92 .4

78.3
78.4
78.5
78.6
78.8
78-8

13157
13182
13210
1 3255
1 3292
1 3304

3
7
7
6
o
1
6

o
5
5
o
5
o
5

PRG
.7 09
.7 09
.7 09

157
182
210
255
292
304

TEST NO: G8.1O

ML: 7196 MG: 5.53 9FI.UX=

PDF=11 .783 ÀLFA=O.1 99 WE=

TBULK TWÀLL
91 .6

NI.'TP

FLOW PÀTTERN ! F.ROTH

13771 NUTP=171 .8 HTP=10O5

10187.O0 TOUr(MeeS)= 79.O,

z
2-O
4-5
7.5

11.O
16.5
21 -O22-5

RESI-
13137 1

1
1
1
1
1
1

o
o
o
o
o
o
o

o
o
o
o
o
o
o

TMI:<
78.2
7A.A
78.5

RISL
13121
13317
13219

RESG
4125.O
4121 -8
4123-7

PRL PRG
.7 09
.7 09
.7 09

60
90
20

53.
52.
53.

2510
10

9
9

10
10
10

I{TPz
¿.
4.
7.

11.
16.

RESL
13137

vsG
6.O1
6 .19
6 .43
6.73
7.26
7.77
7.95

NUTP
175 -

21 -
22.

10.
98.
98.
06.
o6.
o9-



TEST NO: GB . '1 1 FIJOW PA1PTERN: FROTH

t{L= 7196 MG= 11 .99 QFT,UX= 13832 NUTP=177.4 HTP=1037
pDF-13.163 Ar,F.À=o.299 WE= 10187.0O TOUT(rqeeS)= 79.1,

4I0

PDT=1 3.86O
79 -O

r NLET
OUTLET
MEÀN

TMIl<
78.2 1

78.8 1
78.5 1

RESG
8942 - O

8933.8
8938 - O

P
52 .1
3A -2
45.1

PRL
s3.6
52.9
53.2
TWÀLL

91 .3

PRG
0.709
o.709
0.709

vsL
24 .1 e3
24.247
24.245

vsc
1 1 . 05
14.90
12-87

SLRE
3119
331 6
321 I

z
2-O
4.5
7 -511.0

16.5
21 -O
22-5

136
156
181
210
255
292
304

VSG
1 1 .30
11 .63
12.05
12-59
13.53
14.41
14.74

TBUT.K
7A -2
78.3
78.4
78.5
7A-6
78 -7
7A -A

SLRE NUÎnP HTP
1060.0
1041.0
1031 . O
1028. O
1036. O
1046. O
1 044. O

181 .3
178.O
17 6.3
175.8
177.1
178.9
178.5

91 .6
91 .8
91 -9
92. O

92-O
92.O

13
13
13
13
13
13
13



Table

Silicone-Air

TEST NO: 51 .1

ML-1 7.3 MG= O -42 QFLUx=

PDF= O. O48 ALFÀ=O.828 wE=

4TT
F.3

Tabulated Data

FLOW PÀTTERN:SLUG

500 NUTP: 19.2 HTP= 33 PDT= 0-220

o-o7 Tour(MEÀS)= 84-3, 84.3

I NLET
OUTLET
MEÀN

TMI X
65-2
82 .4
73.8

TMI X
65.6
89.s
77 -6

TMI X
65. B
94 -5
80. 1

RESL
43
52
48

RESL
43
È1

50

RESL
43
59
51

316.5
308.7
312.6

PRG
0.710
0.708
0.709

VSL
o. o73
o.o73
o.072

vsL
0. o73
o. o73
o.072

VSL
o. o73
o. o73
o-073

vsG
1 .34
1.41
1 .38

vsG
2 .47
2 .59
2 -53

VSG
3.56
3 .80
3.68

P
14 .6
14.3
14 .4

SGRE

3
3
3

P
14.2
14-1
14-1

PRL
76-6
62-6
69.3

TEST NO: 51 -2
ML=1 7.3 MG= O.75 QFLUx=

PDF=-o.o94 ÀLFÀ=0.869 wE:

16.

FLOW PÀTTERN:SLUG

7O3 NUTP= 17.3 HTP= 30 PDT= O.O37

o.o7 Tour(¡aees)= 90-8, 90.8

45
46
48
50
E'

53

z
2.
4.
7.

11.
16.

o
5
5
o
5
o
5

RESL
44

44
46
48
50
53
56
57

VSG
1 .35
1 .35
1 .36
1.37
1 .39
1 .40
1 .41

VSG
2 .48
2.49
2 .51
2 .53
2 .56
2 .58
2 .59

VSG
3. sB
3.61
3 .64
3 .67
3.73
3.78
3.79

TBULK
66.8
68.9
11 L
74.3
78.8
82 .5
a3 .7

TBULK
6'7 -8

TWALL
84 .4
86.4
89.6
92-6,
96. O

95.8
87 .1

PRL
75.9
58.7
66 .4

NUTP HTP
28.

HTP
26.O
26.O
25.O
26.O
30. o
42.O
52-O

HTP
26.

2A-
27.
27.
29.
37-
47.

1

1

6
5
c,

3
3

P
2
o
6
B
4
1

6

16
15
15
16
21
83

o
o
o
o
0
o
o

21 .
22-

21 .
22.

RESG
572.3 14
553.O 14
562.6 14

P PRG
o.710
o.707
o.709

I NLET
OUTLET
MEAN

2.
4.
7-

11.
16.

2
4
7

11
16
21
22

o
5
5
o
5
o
5

NUT
15.
15.
14.
14.
17.

RESL

5
I
5
5
4
o

70
'73
7'7
83
88
90

NUTP
15.3
15.2
15.1
15.7
18.5
26.2
33 .2

100. o
103.5
107 -6
111.O
113.3
111.3
109.3

68.3
71-5
75-4
79-9
86.9
92 .7
94 .6

SLRE

26.
26.
27.
32-
46.
58.

o
5
5
o
5
o
5

ThTÀLL
94.O
97 .1

101.1
104.6
106.6't05.o
103.4

24-
to

TEST NO: 51 .3

ÈlL=l7.3 MG: 1.OB QFLUX=

PDF= O.O29 ÀLFÀ=O.890 wE:

FLOW PÀTTERN:SLUG

858 NUTP= 18 .4 HTP= 32 PDT= O.138

O.O7 TouT(MEAS)= 95.9, 95-2

I NLET
OUTLET
MEÀN

75-6
56 .2
65 .2

PRLRESG
820.
787
BO3

1

o
6

PRG
0.710
o.707
o.709

TBULK TWÀLL
45
46
48
51
55
5B
59

o
o
o
o
0
0
0



TEST NO: 51.4

ML=1 7.3 MG= 1 .48 QFLUX=

PDF= o. o33 ÀLFÀ:O.906 we=

4l-2

F'LOW PÀTTERN : SLUG-CHURN

B5B NUTP= 18.3 HTP= 32 PDT= 0.127

O.07 TouT(MEÀs)= 97.5, 96.9

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

TMI X
66. 1

94-6
BO - 3

TM] X
65 -7
93.6
79.7

TMI X
66. 1

93.3
79.7

RESL
45
47

RESL
45
47
49
52
56
60
61

RESL
45
47
50

RESL
43
59
51

RESL
43
s9
51

RESL
43
59
51

NU1eP
14.7

NUTP

vsL
o. o73
o. o73
0.o73

\'ZSL
o. o73
o.073
0. o73

HTP
25.O

vsG
4.88
5 -22s. o6

VSG
6 -79
7 .28
7 -o4

VSG
9.36

10. 08
9.73

68.8
72.1-76.1
80.8
88.2
94 .2
96 .2

RESG
1 120. O
1075.6
1 097 .9

P PRL PRG
14.2 75.3 0.710
14.1 55.4 0-707
14.1 64.6 0.708

TBULK TWALLz

27
32
46
58

14 .9
14.9
15.7
18.6
26.4
33. 1

101.8
104.8
108.8
111.9
114.4
112.1
110.9

\/SG
4 .91
4 .95
4 .99
5. 04
5.12
5. 18
5 .21

49
52
s6
59
60

2

7
11.l 6
21
22

L
2.
4.
7.

11.
16.

o
Ê

É,

o
Ê

o
q

26.
26-

0
0
0
0

o

o
0
o
o
0
0
o

0
o
o
o
o
U

o

TEST NO: 51.5
lúL=17.3 MG=

PDF = O. O58

F.LOW PÀTTERN: CHURN

2.06 QFLUX= 859 NUTP: 17.5 HTP= 30 PDT: O'138

ÀLFÀ=O.92O wE= O.07 TouT(¡aees): 98.5, 94.4

RESG
1 564. O
1503.2
1533.9

vsG
6.83

TBULK

RESG
2160.O
2078.O
2119.3

\¡SG TBULK
9 .42 69

.50

.59

.70

.87

.o1

. 06

72

P
14-2
14.1
14.2

PRL
75.5
54.8
64 .3

PRL
75.1
53.5
63.4
TWÀLL

a9 .2

PRG
0.710
0.706
0.708

28
27
26
29
40
49

16.'7
16.O
15.8
15.1
16.9

TWÀLL
97 .4

102.4
107 -2
113.5
117.9
116"8
114.9

68.6
72.1
7 6.3
8'1 .2
88.9
9s. 3
a? L

6.88
6 .94
7.02
7.13
7 .23
7 -26

2.O
4.5
7 -5

11.o
16.5
21 -O
-- E

PRG
0.710
0.706
0.708

VSL
0.o73
0.o73
0.o73

HTP
)q

HTP

22-A
28. O

TEST NO: 51.6

ML=17.3 MG= 2.85 QFLUx=

PDF= O.072 ALFÀ:O.933 we=

FLOW PÀTTERN:CHURN

858 NUTP= 20-2 HTP= 35 PDT= O'140

O. 07 TOUT(MEÀS):1 O1 .4, 1 OO - 9

P
14.3
14.1
14.2

1

9
4
7
o
B
o

77
a2
91
97
oo

9
9
9
9
o
o

NUTP
23 .9o

5
5
o
Ê

o
5

9s. o
01-4
09. 5
18.8
19 .7
17.8

21
20

I
2
a

6
4
6

38.
35.
32.
3'1 .
39.
48.21 .

22-

18.
17 -
22.
27-

53
57
61
63

1

1



413

TEST NO: 51.7 FLOW PATTERN:CHURN-ÀNNULÀR

ML=17.3 MG= 4.31 QFLUX= 1027 NUTP= 24.2 HTP= 42 PDT= O-141

PDF= O.O87 ÀLFÀ:O.947 wE= O.07 TOUT(veas)=109.5'108-5

TMIX RESL RESG P PRL PRG VSL VSG
INLET 66.6
OUTLDT 97.7

RESL
46
48
51
55
61
6s
67

RESL
46
48
51
54
59
63
65

RESL
46

58
62
64

44
61
52

RESL
44
58
51

RESL
44
59
52

SG

VSG
20. 10
20 .27
20-47
20.70
21 .08
21.38
21 - 48

TBULK
70-2
74.8
80.3
86-7
96 .7

104.9
107 -7

TWÀLL
87-1

PRL
74-3
51.9
62 .1

TWALL
a4.6
91.5
98.9

106. B
118.7
127.9
130.9

NUTP
34. O

30.3
27 -1
a2 0

20.0
19.4
22.O

NUT
3'1 .

NUTP
39.8
33. 1

2A .6
25.6
22.3
20 .7
20 .2

HTP

3266.O 14.2 74.4
3124.8 1 4.1 50.2
3195-6 14-1 61.O

o-710 0.
o.705 0.
o.708 0.

14.22
15.51
14.89

073
073
073

z
2.
4.
7-

11.
16.

o
5
5
o
5
o
5

t
2.O
4.5
7.5

11.0
16.5
21 .O
22 .5

z
2.
4.
7.

11.
16.

o
5
5
o
q

o
5

14
14
'l 4
14
15
15
IE

B
6
o
1

3
R

93
O1
11
26
3s
34

-33
.47
.63
.83

60. o

21 .
22.

.13

.39
-47

s3.O
47.O
42.O
3s.o
34. O

38. O

TEST NO: 51 "8
l'4L=17.3 MG= 5.99 QFLUx=

PDF= O. O48 ÀLFÀ=0.956 eJE=

FLOV.] PÀTTERN :ÀNNULÀR

859 NUTP= 21.8 HTP= 38 PDT= O.O93

O. O7 TOUT(MEÀS ) =1 O5 .2, 1 04. 3

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEAN

TMI X
66 .9
91 .7
79.3

TMI X
67 .1
94 .4
80.8

RESG
4540 . o
4381.9
4461 - 1

P
14.1
14.O
14.O

PRG
o.710
o-706
o-708

vsL
0.073
0.073
0.073

VSG
19.96
21.53
20 -77

vsG
29.93
32 .13
31 . O'Ì

RESG
6'1 78.O
6519.9
6649 .3

PRG
o.710
0.706
o.708

0.073
0.073
0.073

HTP
s6. o
48. O
42-O

HTP
70.o
58. O
50. o
45.O
39.0
36. O

3s. o

TBULK TWÀLL P
'/
6
o
q

6
1

3

27
24
21
18
17
17

38. O

32.O
30 " o30. o

2
2
1

I
I
1

6

79
B4
93

101
103

70.
74-

85"3
91 .7
oô a

107.4
120.1
130.0
132.1

TEST NO: 51.9
M'L=17 -3 MG=

PDF= O. O39

8.95 OF'LUX=

ÀLFÀ=O.966 h¡e=

F.LOW PÀTTERN: ANNULÀR

1025 NUTP= 26.2 HTP= 46 PDT= 0.O74

O.07 TOUT(veeS ) =1 O3 . 4, 1 02.5
VSLPRLP

74.2
52 .7
62 .5

4.0
4,0
4.0

48
50
53

\,ZSG
30. 12
30.36
30.64
30.97
31 - 49
31 .92
32.O6

TBULK
70-2
74.1
78.7
84.1
92-6
99. s

101.8
21 .
22.



414

TEST NO: 51.,1 O FLOW PÀTTERN:ÀNNULÀR

ML=17.3 MG= 13.11 QFLUX= 1024 NUTP= 25.6 HTP= 45 PDT= o.o7o

PDF= O.043 ÀLFA=0.974 wE= o.07 Tour(MEÀs)= 98.4, 97.7

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

I NLET
O(JTLET
MEÀN

TMI X
67 -4
91 .9
79-6

TMI X
67 .7
93.4
80.6

TMI X
6A .2
90. 5
79-3

RESL
44
58
51

RESL
44
59
52

RESG
9929 . O

9587. O

97 58 .3

PRL
74.2
s4 .9
63 .9

PRG
0.710
o.706
o-708

vsL
o-o73
o.073
o.073

VSG

vsG
61.03
64.90
53. O3

P
43.91
46 -70
45.35

14.0
14.0
14.0

23
89
43
61

45
45
46
46

47
49
52
56
60
61

2.
4.
7-

11.
16.

o
5
É

o
5
o
5

7B
27
86
77
53
78

64
64

z
2.O
4.5
7.5

11.0
16.5
21 -O
22-5

4'7
49
51
54
57
58

o
5
5
o
5
o
5

RESL
45

RESL
46
47
50
52
56
60
61

RESL
46

VSG
44.15
44.45
44.81

TBULK TWALL
83 -7
90.6
98.1

105.8
116-4
124 -7
127 -3

PRL
73.9
55. 1

63.9
TWALL

PRL
73.7
57 .5
65. 1

TWÀLL
84.9

NUTP HTP
73.O

HTP
80.
5B-

HTP
B'1 .
56.
45.

70 -
73-

o
3
3
9
1

1

1

41 . 9
3
7
2
4
I
4

77 .
58.O
49.O
42.O
37. O

35.O
34-O

33
27
24
21
19
19

o
o
o
o
o
o
o

o
o
o
o
o
o
o

81.
89.
95.
97.

21 .
22.

TEST NO: 51.11

ML=1 7.3 MG= 1A.27 QFLUX=

PDF= O. 07O ÀLFÀ=O -979 vlF,=

FLOW PATTERN:ÀNNULÀR

1207 NUTP= 25.O HTP= 44 PDT= O.O92

o. 07 Tour(MEÀS ) = 98.1 , 97 .2

RESG
13830. O
13330.8
1 3580.6

P
14.1
14.0
14.O

PRG
0.710
o.706
o.708

VSL
o.073
o. o73
o.o73

vsL
o.073
o.073
o.073

vsG
61.36

TBULK
70.3
73-5
77.4
81.9
89.0
94.8
96 .'7

NUTP
45.8

61.
62-
62.
63.

85. O

94. O
o2.8
11.3
22 .6
31.3
34.1

33.1
26 .8
23 .2
20.s
18.9
18.6

o
o
9
7
6
o
7 33

46
32
25
22
20
19
1B

94 .1
102.5
110.1
119.1
126 .9
129.1

47
41
36
33
321

TE,ST NO: 51 . 12

t"1L=17.3

PDF: O.

MG: 25 .3 3 Q¡'r-Ux=

125 ÀLFÀ=O.984 wE:

F'LOW PÀTTERN:ÀNNULÀR

1 2OS NUTP= 24 .7 HTP= 43 PDT= O . 't 42

O. 07 Tour(MEAS ) = 93.5 , 92 -6

RESL
44
57
51

RESG
19161.O
18557. 1

1 8859 .2

P
14.2
14.1
14.1

PRG
.710
.7 07
.7 09

o
o
o

G
9B
79
47

vs
83
88
86

VSG
84.39
84.90
8s.52
86.24
87.38
88.32
88.63

TBULK
70.3
73. O
76.2
to o

85.8
90.6
92 .2

NUTPz
2-
4.
7.

11.
15.

40.
36.
33.21 .



415

s1 .13 F.LOT^? PÀTTERN : ÀNNULÀR

MG= 3A.12 QFr,ux= 1298 NUTP= 27 -6 HTP= 48 PDT= O'224

PDF= O-212 ÀLFÀ=O.988 wE= O. 07 TouT (MEÀS ) = 90.4 , 88 .'7

TEST NO:

ML=17.3

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

r NLET
OUTLET
MEÀN

TMI X
69 -2
88.7
7A -9

TMI X
69. O
a8.4
78 -'7

TMI X
67 .7
84 .'7
76-2

PRL
73-O
59 .4
6s.9
T!.tÀLL

a5 .2
94 .1

101.4
107.7
115.6
121.5
123.3

PRL
73.2 0
59-7 0
66. 1 0

TI,IÀLL
89.O

PRG
o.710
o -707
0.709

VSL
o. o73
o. o73
o - o73

vsG
124-47
131.24
127.96

VSG
17 2 .56
184-O1
178.44

VSG
234-18
252.1 5
243 .37

PRESL
45
56
51

RESG
2A799.O
zeoo6 .2
2a403. o

VSG TBULK
125-04 70.9
125 .7 6

26 .63
27 .64
29 .25
30-57
31.O1

RESG
41050.o 14
39923.'7 14
40487 .1 1 4

4.4
4-2
4-3

I
4
6

P
15.8
15.1
15.4

HTPRESL
46
47
49
50
É2

55
56

RESL
46
47
48
50
s3
55
56

RESL
45
s6
50

RESL
44
54
49

vsc
17 3 .52
174.72
176-18
177.90
180.62
1 82 .87
183.63

TBULK
70 -7
72.9
75.5
78.5
a3 -2
87 -1
88.4

121 .9
123.6

PRG
710
708
709

PRG
0.710
o.708
o.709

VSL
o.073
o.o73
o.o72

\''SL
o. o73
o.073
o.072

NUTP
50.
34.
24.

NUTP
63.8

89.
61.

38.
38.

2
4
7

11't6
21
22

I
I
6
E

1

9
6

25
23
21
21

1

I
I
6
6
9

o
5
5
o
5
o
5

HTP
86.
63.
55.

NUTP
49-1
36.1
31.3
2A-9
27 .3
26.4
26.'l

98.
104.
110.
116.

2.O
4.5
-E

1'1 .o
16.5
21 .O
1) Ê

1

9
o
5
4
5
6

70
73
75
79
a2
a3

73
75
78
83
87
88

o
o
o
o
o
o
o

o
o
o
o
o
o
o

112.O
B3.O
73.O
69. O

65. O

64. O
63. O

47 .4
41.8
39.1
37 .3
36.3
36.O

92 .5
97 .6

101.8
107.1
111.1
112.4

50
45
40

TEST NO: 51 .1 4 FLOW PÀTTERN:ÀNNULÀR

}{L=1?.3 MG= 54.33 QFLUX: i606 NUTP= 30.6 HTP= 54 PDT= O'4O9

PDF'= o.399 ÀLFÀ=O.991 WE= O. O7 TouT(MEÀS ) = 89.7, 88.4

P

o
5
o
I

5t-
48.
46.
46.

TEST NO: 51.15 F.LOW PÀTTERN: ÀNNULÀR_MI ST

l{L=17.3 MG= 78.65 QFLUX= 1818 NUTP= 41 -2 HTP= 72 PDT= 0.690

PDF: o.682 ÀLFÀ=O.993 wE= O.07 TouT(r-rees)= 84.4, 83.8
RESG

59547.O
58105.O
58826. 1

PRL
74-4
62 -7
68 .4
TWÀLL

85.1
PHTRESL

45
46
4'7

z
2.O
4.5
7.5.l 1.O

16.5
21.O
22-5

vsc
235 .67
237.54
239 .81
242 .49
246 .77
250 .34
251 -54

TBULK
69-

48
51
52
53



416

sl.16 FLOW PÀTTERN :ÀNNULÀR-MIST

MG= 98.39 QFLUX= 2045 NUTP= 52.1 HTP= 92 PDT= 1.123

PDF= 1 . 116 ÀLFÀ=O.994 l^tE= O. O7 TouT(MEÀs ) = 80.4, 80.6

TEST NO:

ML=17.3

I NLET
OU:rLET
MEÀN

TMI X
67.O
83.1
75.1

TMI }(
66 .2
78 .8
72.5

TMI X
68.7
81 .2
75.O

RESG
74566.O
72844 -9
'7 37 05 .6

PRL'75.2 0
6s.1 0
70.o o

T9TÀLL
a2 .9

PRL
76.O
68.6
72.3

TWÀLL
80. 1

85.1
88.4
91 .1
94 .6
97 .4
98.3

PRL
74.O
69. B
71.9

TWÀLL
73.3
74.6
76.5
78 .2
80.4
BO.8
80.-l

VSL
o. o73
o. o73
o.072

vsL
o. o73
o.072
o.072

VSL
0.o99
o. o99
0.o98

VSG
266 .33
291 .42
279-O9

RESL
44
53
48

P PRG
.710
-709
-709

17.4
16-2
16-8

z RESL
44
45
46
4'7
49
51
51

VSG
268 .37
270.
274.
277.
243.
2AB.
290 -

TBULK NUTP
78. O
59 .2
53.-1
49.9
47 -6
46 .4
45-9

NUTP
97 .7
75.3
67 .5
53. 1

59 .6
Et I

s6. 5

NUTP
68.4
57 .3
45.9
40.3
35.8
38 .8
45.5

HTP
137 -

HTP
120 -

68
69

z
4-

11
16
21 .
22-

71
73
76
79
80

o
5
È

o
t
o
E

94
OB
80
BO
85
56

2
6
3
4
6
2
o

89.1
93. 1

96.6
101.0
104.3
105.4

o
o
o
o
o
o
o

o
o
o
o
o
o

o
o
o
o
o
o
o

104.
93.
88.
84.
B1-
81.

33
19
11
o5
oo
99

TEST NO: 51.17 F.LOW PÀTTERN :ÀNNULÀR_MIST

ML=17-3 MG=153.03 QFLUX: 2282 NUTP= 65.6 H.IIP= 115 PDT= 2-169

PDF= 2.16 3 ÀLFÀ-O. 996 tJE= 0.07 TouT(MEÀs)= 75.O, 76.3

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

RESL
43 1

50 1

47 1

RESG
16118.O
14007.1
15062-7

P
21 -O
18.9
19.9

PRG
o.710
o.709
o.710

VSG
341 . 18
38s-86
363 - 63

z RESL
44
44

RESL
61
62
62
63
64
65
65

vsc
344 - 67

9.12
4-59
1.15
1 .90
1.11
4 .2't

TBULK
67.O
68. C
69 .2
70.6
72.9
7 4.-7
75.3

TBULK

HTP
72 -O

34
35
36
37
38
38

45
46
4'7
48
4B

2
4
7

11
16
21
22

o
Ê.

5
o
5
o
5

o
5
5
o
t

o
5

}{L=23.5 MG=

PDF= O. 043

FLOW PÀTTERN: SLUG

O-62 QFLUX= 496 NUTP= 44-1 HTP= 77 PDT= O-zOj

ÀLFÀ:O.835 wE= O.13 TOUT(MEÀS)= 74.1, 74.O

RESL
61
71
66

PRESG PRG
o.710
o.709
o.710

101
81
71
63
6B
80

69 .2
69.7
70.4
71.2
72.5
73.5
73.9

vsG
2.O1
2.O6
2-O4

46
45
46

5.3 14.4
7.o 14.2
1-1 14.3

z VSG
2.022

4
7

11
16
21

2.02
2-O3
2.O4
2.05
2. 06
2. 06



TEST NO: 52.2

ML=23.5 MG:

PDF= O. O49

417

FLOW PÀTTERN: SLUG

1.O7 QFLUX: 847 NUTP: 34-4 HTP= 60 PDT= 0'177

ÀLFÀ=O.872 wE= o.13 TOUT(MEÀS)= 80.5, 80.4

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

TMI X
64 .6
85 .7
75-1

TMI X
64 .7
8s.6
75.2

1cMI X
64 .7
85.4
75.1

RESL
58
74
66

RESL
58
14
66

RESL
5B
'74
66

RESG
8't2 -7
788.2
800.4

PRL
77.2
65.1
71-O

PRG
0.711
0.709
0.710

vsL
o. o99
o-o99
o. o99

vsL
o. o99
o.099
o. o99

vsL
o. o99
o. o99
o.099

vsG
3-50
3.65
3 .57

vsG
4.86
5.07
4 .97

VSG
6. B8
7.20
7 - 05

P
14-3
14.1
14.2

.60

z
2.
4.
7-

11.
16.

o
5
5
o
E

o
5

o
Ê

5
o
5
o
5

6
6
6
7
7
7
7

o
5
5
o
5
o
5

2
4
7

11
16
21
22

RESL
59
60
62
64
66
69
70

RESL
59
61
62
65
68
71
72

VSG
3.51

TBULK TWALL
BO. O

82-O
84-8
87 -6
90.5
90-5
89. 3

PRL
77 .1
64 .4
70.5

NUTP
34.1
33.4
31 .9
31.0
32 .8
4-l .5
51 -2

HTP
60. o
59. O
56. O
54.O
58.0
73.O
90. o

HTP
59. O
57. O

57.O
55. O
58. O
74.O
90. o

HTP
67.
62.
58.
56.

.52
-54
-57

3
3
3
3
3
3

4.90
4 .93
4 .96
5-01
s. o5
5. O6

9
6
7
1

9
9
9

65
67
69
72
75
78
79

P
14.3
14.1
14-2

-i

22.

TEST NO: 52.3

M¡:23.5 MG=

PDF= O.045

.63
-64

FLOW PATTERN: SLUG

1 . 48 QFr.Ux= 847 NUTP: 34 - 6 HTP= 61 PDT= O ' 1 54

ÀLFA=O.890 wE= O.13 ToUT(vees)= 81.7, 81-4

RESG
1127 -O
1094 . O
1110.8

\/SG TBIJLK
4.88 66. 1

RESG
'1 567. O
1521.0
1 544.1

VSG TBULK

PRG
o.711
0.708
o.710

L
2.
4.
7.

11.
16-

68
70
72
76
79
81

RESL
59
60
62
64
67
69
70

o
1

7
6
9
o

TWÀLL
80.5
a2.6
85. O

88.1
91 .1
91 .3
90.4

PRL
7-7.o
63. 3
69-9
TWÀLL

7A-9
81.8
85.2
88.6
a)q
93 .2
92 .3

PRG
o.711
o.708
o.709

NUTP
33.4
32 .4
32 .3
31 .2
33 .2
42 .3
51 - 1

NUTP

21 -
22.

TEST NO: 52.4
l"{L=23.5 MG= 2-06 QFLUX=

PDF= O.078 ÀLFÀ=O.9O7 wE=

FLOW PÀTTERN : SLUG_CHURN

848 NUTP= 34.9 HTP= 61 PDT= 0.171

O.13 TouT(MEÀs)= 83.3, 83-1

P
14.O
'l 3.8
13-9

.90

.94
38.
35.
33.
31.

65.3
68.3
70.7
73.5
77.8
81.4
a2.6

98
o3
11
17
19

1

5
1

7
1

7
4

o
o
o
o
o
o
o

56.
71.
87.

32.
40.
49.



TEST NO: 52.5

l"4L:23.5 MG=

PDF= O. 1 O5

4IB

FLOI^¡ PÀTTERN : SLUG-CHURN

2.A5 OFLUX= 848 NUTP= 40.3 HTP= 71 PDT= O.184

ÀLFÀ=O -921 g.tE: o.13 TOUT(MEÀS)= a6.2, 85.8

I NLET
OUTLET
MEAN

TMI X
64 .9
a5 .2
75-1

TMI X
64.7
84.3
74-5

TMI X
64 .9
85.4
75-1

RESL
58
74
66

RESL
58
73
66

RESL
58
74
66

RESG
2167 -O
2104 .7
2136-O

PRL
76.7
61 .5
68 .8
TWÀLL'76.6

79-2
82-7
a6 - 8
93-9
97 -4
96-9

PRL
76.8
60.9
68 .5

PRG
o.711
o.708
o.709

VSL
o. o99
o. o99
o.099

\/SG
9.3s
9.8s
9.61

\/SG
13.99
14-78
14-40

VSG
21.03
21 .67

P

2.
4.
7.

11.
16-
21 .
22.

RESL
60
61
63
66
69
73
74

RESL
60
6'l
63
66
70
73
74

RTSL

76
77

vsG
9.39
9-44
9.51
9.58
9.70
9.80
9.83

VSG
14.06

TBULK
66.7
69. O
71.7-74.9
79.9
84 . O

85.4

TBULK
66.7
69. 1

71.9
75.3
80.6
84.9
86.3

NUTP
48 .4
47 .1
43.6
40.5
34 .4
36. 1

41 .9

85
83
7'7
71
60
63
74

a2.-76.
68.
64.
59.

14.3
14.1
14-2

14.3
14.1
14-2

4.2
4.O
4.1

HTP

TEST NO: 52.6
l"{L:23.5 MG= 4.27 QFLUX=

PDF= o-122 ÀLFÀ=O.936 we=

FLOW PÀ?TERN:CHURN

848 NUTP: 43-6 HTP= 77 PDT= O.186

o.13 TOUT(MEÀS)= 87.2, 86.8

o
5
5
o
5
o
5

60
62
64
67
72

o
5
5
o
5
o
5

o
o
o
o
o
o
o

o
o
o
o
o
o
o

RESG
3244 . O

31 53. 7
31 99. 1

P PRG
o.711
0.708
0.709

vsL
o.099
0.099
o. o99

VSL
0.o99
0.099
o. o99

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

1

I
o
I
I
7
3

69-
73.
76.
82.
87.
89.

.27

.43

.61

.91

.15

14-14
14.24
14 .36
14.55
14.70
14-75

L
2.O
4.5
7.5

11.O
16.5
21 .O
22-5

TWÀLL
75.2
78 - 1

82-2
86 .4
93. O

98. O

98.O

PRL
76.6
59. 1

67 -3
TWÀLL

76.6
80.4
84-4
89 .7
97 .2

103.3
105.4

NUTP HTP
56.
52.
46.
43.

1

9
I
2
6
7
2

99
93

3B
36
39

l^4L=23.5 MG=

PDF= 0.1 OO

FLOI^7 PÀTTERN : CHURN_ÀNNULÀR

6.36 OFLUX= 930 NUTP= 41 -2 HTP= 72 PDT= 0.151

ÀLFÀ=O.94 9 vJE= O.13 Tour(MEÀs)= 90.4, 89.8
RESG

4838. O 1

4696.4 ',l

4767.5 1

vsG TBULK
.14 67-

P PRG
o.710
o.707
o.709

z
2.
4.
7.

11.
16.

1

1

1

1

1

2

NUTP
54 .9
49.4
44 .8
40.9
36.8
33.9
33.1

HTP
95. O

87. O
79.O
72.O
6s. O

s9. O

sB. O
2't .
22. 2-23



TEST NO: 52.8

l"{L=23.5 MG=

PDF= O.091

419

F.LOW PÀTTERN: ÀNNULÀR

9.O1 QFLuX= 1O33 NUTP= 4C .7 HTP= 71 PDT= O' 133

ÀLFÀ=O.959 wE= o.13 TOUT(MEÀS)= 91.5, 90.9

I NLET
OUTLET
MEÀN

TMI X
64 .8
86.3
75-5

TMI X
64 .3
85.4-t4.9

TMI X
64 .9
85-7
75.3

RESL
58
75
66

RESL
58
74
66

RESG
6A52. O
6642 .3
6747.3

PRL
76-6
58.5
67.O

TWÀLL
77.7

PRL
7'7 .1
58.1
67.O
TWÀLL

78. O

PRL
76-7
61 .1
68. s

TWALL
75.9

PRG
o.711
o-707
o -709

VSL
o. o99
o. o99
o. o99

vsG
29 -AA
31 .68
30.81

VSG
43.75
46.47
45.15

P
14.1
14.o
14-o

2.
4.
7.

11.
16.

62
64
67
72
76
7B

o
5
5
o
q

o
5

o
5
5
o
5
o
Ê

RESL
60

RESL
59
62
64
67
73
77
78

RESL
60
61
63
66
70
73
74

vsc
30. o4
30.23
30.46
30.73
31.15
31 .50
31-62

TE¡ULK
67.O
69 .9
73-3
77 -3
83.5
88.6
90.3

NUTP

NUTP
54.2

NUTP
73.

HTP
95. O
B6.O
77.O
70. o
64. O
60. o
59. O

HTP
95 " O
79.O
69. O
61.O
54. O
51.O
so. o

81.8
86.6
9-l .B
99 .'t

105.9
104. o

2
9
6
1

3
o
4

54
48
43
40
36
34
33

21 .
22.

TEST NO: 52.9 FLOW PÀTTERN:ÀNNULAR

yrL=23.5 MG= 13.19 Q!rr-UX= 1105 NUTP= 35.0 HTP= 63 PDT: o.131

PDF: O . O97 ÀLF.À= O .967 brE= o.13
P

TOUT(MEÀS)= 92.1,91.5

I NLET
OI.JTLET
MEÀN

RESG
10038. o

97 34 .9
9886. s

14.1
14.O
14.o

PRG
o.711
o-70'7
o.709

vsL
o.099
o - o99
0. o99

VSL
o. o99
o. o99
o. o99

21 .
22-

2.
4.
7.

11.
16.

z
2.
4.
7.

11.
16.

105.
89.
79.
70.
65.
64.

o
'7

6
I
I
3
7

59
50
44
39
3'7
36

5.1
9.1
4.8
1.0
8.9
8.4

83.4
89. 1
ôE ?

'r 04.1't11.0
113-2

o
5
5
o
5
o
5

vsG
43.98
44 .27
44 -62
45.O3
45 .6'7
46-20
46.38

TBULK
66 .6
69.6
73-1
77 .3
83.8
a9 .2
90.9

TEST NO: 52. 1 O FLOW PÀTTERN:ÀNNULÀR

t"tL=23.5 MG= 18-32 QFLUX= 1192 NUTP= 46-A HTP= A2 PDT= O.185

PDF= O. 1 58 ÀLFÀ=O.97 4 wE= 0.13 TouT(MEÀs): 87.'t, 86.4

I NLET
OUTLET
MEÀN

RESL RESG P
58 13924.O 14-3
74 13511.O'l 4.1
66 13717.5'1 4.1

VSG
60 .42
60.77
61 -20
61.69
62.44
63-12
63.34

TBULK

PRG
o.711
o. 708
o.709

vsG
60. 14
63.44
61 .84

HTP
129 .

21 .
22.

80.4
a5 .2
90.3
97 .5

102 .9
104 .6

66.8
69. 1

71.9
75.2
80.4
a4 .6
86.1

o
o
o
o
o
o
o



420

TEST NO: 52 - 1 1 t|LOW PÀTTERN:ÀNNULÀR

lML=23.5 MG= 25.38 9F.I,UX= 1289 NUTP= 41 -6 HTP= 73 PDT= O-235

PDF= O-214 ÀLFÀ=O.97 9 wE= O.13 TOUT(MEÀS)= 86.7, 85.1

I NLET
OUTLET
MEÀN

TMI X
65. O

85. 1

75.1

TMI X
65. O

81 .5
73-2

TMI X
65. O
78.1
71.5

RESL
58
74
66

PRL
76.6
61.6
68 .8
TWÀLL

-7 6.3
a2. o

PRG
0.711
0.708
o.709

VSL
o. o99
o. o99
o. o99

vsL
o.099
o.099
o. o99

VSG
82.6A
a7 .34
85.O8

vsG
5. 54
2.69
at)

RESG
1 9292. O 1

187 41 .2 1

19017.O 1

P
4.4
4.1
4.3

2-

7̂.
11.
16.
21 .
22.

RESL
60
61
63
66
69
73
74

RESL
59
61
62
64
68
70
71

RESL
59
60

lüSG
83. O7
83.57
84. 1

84.8
85.9
86.8

TBULK
66. B
69. 1

71-8
74.9
79-A
83.9
a5 .2

NUTP
76.3
56. 3
¿q 1

38.3
33.6
31.1
30.4

NUTP
68.6
47 .4
38.3
33.1
29 .6
27 .9
27 .4

NUTP
s9. o

HTP
134.

54.

HTP
121 .

o
5
5
o
5
o
5

L
2-O
â.q
7.5

11.0
16.5
21 -O
22.5

o
5
5
o
5
o
5

2
4
7

11
16
21
22

99
79
67
EO

1
7
7
9
9

83.
6-7 -
58.
52-
Ãq
48.

HTP
104. o
73.O
62. O

57. O
s3. o
51 . O
so. o

87.
q¿

101.'t07.
109,

9
o
'7

6
4

o
o
o
o
o
o
o87 1

FLOW PÀTTERN:ÀNNULÀR

l'áL=23.5 MG= 39.27 QF.LUX= 12A9 NUTP= 36-2 HTP= 63 PDT= 0-331

PDF: O.31 5 ÀLFÀ=O - 985 wE= 0.13 Tour(MEÀs)= 83.8, 81.6

r NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

RESL
58
71
65

RESL
58
68
63

RESG
29847 . O
291 40 - 'l
29493 .9

P
14 .6
14.3
14.5

PRL
76.4
63.6
70. o

TWÀLL
77.O

PRL
77.O
66. B
71.8

TT^TÀLL
78.4
84.9
89 .7
93 .7
98.6

102.1
103.2

PRG
o-711
o.708
o.709

12
13
12

vsG
26-14

TBULK
66. 5
68-4
70-7
73.4
77 -6
81.O
82.1

1

1

1

1

1

1

1

83.7
89 .7
95.4

102 .4
107.4
109. o

26.
27-
28-
30.
31.
32-

90
81
88
58
98
45

o
o
o
o
o
o
o

TEST NO: 52.1 3

ML=23.5
PDF= O.

FLOW PÀ1nTERN:ÀNNULÀR

MG= 59.05 QFLUX= 128A NUTP= 34-6 HTP= 61 PDT= O.358

346 ÀLFÀ=O.989 we= O.13 TouT(MEÀs)= 79.1,'77.1
RESG

44888. O

44034 .8
44461 -'/

P PRG
711
709
710

\¡SL
o.099
0.099
o. o98

vsc
182.53
191.49
187 - 14

5.1
4.8
5.O

o.
o.
o.

L VSG
83.28
a4 -23

TBULK

61
63
65
67
68

6.1
7.5
9.2
1.2
4-3
6.9
7.7

85.
86.
BB.
90.
91.

't

1

1

1

1

1

1

37
72
85
61
20

6
6
6
7
7
7
7

41 .7
3s.5
32 .4
30 .2
29.O
28. B



42L

s2 .14 FLOü¡ PATTERN: ÀNNULÀR_MI ST

MG= 82.17 QFLUX= 1380 NUTP= 47'5 H']PP= 84 PDT= O'672

PDF = O.563 ÀLFÀ-O.992 wE= 0.13
P

TOUÎ(¡tees)= 75.1, 74.1

TEST NO:

ML=23.5

I NLET
OUTLET
MEAN

21-
22-

TEST

ML:23
PDF=

I NLET
OUTLET
MEÀN

TEST NO:

ML:23.5

I NLET
OUTLET
MEAN

21 .
22.

TMI X
65. 1

76-5
70.8

TMI X
65 .4
75.8
70.6

TMI X
65.2
74.4
69.8

RESG
62454 . o
61 420 .4
61937 .3

PRL
77.O
69-4
73.2

T\^1ÀLL
75.7
80 .7
84 .2
87 -1
90.5
93.1
93.9

TWALL
74.3

PRL
77 .1
72.3
74.7

TWÀLL
72.7

PRG
o.711
o.709
o.710

PRG
o.711
o.710
o.710

\'/SL
o. o99
o. o99
o. o98

VSG
238 -7 4
253 .32
246 .20

vsc
285 .97
310 -76
298.56

RESL
58
67
63

16.1
15.4
15-8

RESL
59
60

RESL
59
60
60
61
62
63
64

RESL
59
59
60
60
61
62
63

VSG
239 .94
241 .47
243 - 31
245 .49
24A .96
251.85
252 - 83

TBULK NUTP
78.9
s6.3
4A .6
44 .7
42.O
40.5
40 - 1

HTP
2.
4.
7.

11.
16.

o
5
5
o
5
o
5

L
2.O
4.5
7.5

11.0
16.5
21.O
22.5

65.
66-
68.

9
9
1

6
I
7
3

139.O
99. O

8s. o
79 -O74.o
71-o
70 . o

o
o
o
o
o
o
o

115
106

99
9s
93

o
o
o
o
o
o
o

175.
150.
1 36.
126 .
120 .
-l 19.

I
2
9
3
I
2
6

61
62
63
65
65

69
71
73
74

NO: 52.1 5 FLOW PATTERN:ÀNNULÀR-MIST

5MG=113.14QFLUX=1582NUTP=63.9HTP=112PDT=1.28o
1 .272 ÀLFÀ=O.993 wE= 0.13 TouT(MEAS)= 72.7, 72-8

RESL
59
66
63

PRL
76.8
70.9
73.8

108. O
7 6.1
65.4
60.1
56-2
53.8
53. 1

6
5
I
6
'7

4

B1
83
86
B8
89

290.50
293 .59
297 .2'7
303 - 20
308.21
309.91

RESG
85951.O 1

84651.3 1

85301 .5 1

TBULK

PRGP vsL
. o99
. o99
- o98

vsG
2A7 -97 66-

78.

s2 .16 FLOW PÀTTERN:ÀNNULAR-MIST

MG:155.1O QFI-Ux= 1796 NUTP= 82'4 HTP= 145 PDT= 2'461

10oooo
o-71
o-71
0.71

8.5
7.3
7.9

77-
71.
68.
67.

NUTP

vsL
o. o99
o.o98
o-o98

HTP
190.
134 .

HTP
252.

VSG
320.94
362 .69
34 1 .88

PDF= 2.454 ÀLFÀ=O.995 wE= 0.13 TouT(MEAS)= 70.5, 71-3

o
I
I
9
6
o
5

66.
67.
68.
70.
72.
72.

66.3
67.O
67 .9
69 .2
70.4
70.7

RESL RESG
58 117869.O
65 116277 -5
62 117073.6

vsG
324.19

P
22.6
20 .2
21 .4

z
2.
4.
7.

11.
16.

TBULK
6s.6

NUTP
142 .

76.5
79.O
81.0
83.4
85.3
a5.5

324 .
333.
339.
349 -
358.
361.

o
5
5
o
5
o
5

32
41
54
59
23
19

99.
84.



TEST NO: 53.1

ML=61.8 MG: O.24 QFLUX=

PDF= O.1 1 2 ÀLFÀ=O - 633 ws=

422

FLOI^Ì PATTERN: SLUG

1101 NUTP= 56.3 HTP= 99 PDT= O-477

o.94 TOUT(Vees)= 82.9, 82-4

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEAN

TMI X
73.O
a3.7
78-4

TMI X
70-3
81.8
76.1

RESL
170
192
181

RESG
180.3
177.5
178.9

PRL
70 .3
63.7
66 .9
T9.'ALL

84. B
a6.2
86.5
87.8
91 .4
93 .9
94-6

PRL
1- E

65 .7
69. O

PRG
o.710
o.708
o.709

vsL
o .260
o.260
o .259

VSL
o-260
o.2s9
o .259

VSG
o -76
o. Bo
o.78

vsG
2 -21
2 .29
2 .25

VSG
3 .29
3.41
3.3s

P
15.O
14.5
14.8

RESL
172
174
176
i79
184
187
189

L

2.O
4.5
7 -5

11.o
16.5
21 .O
-- E

RESL
166
168
171
173

z
o
5
Ê

o
q.

o
5

o
5
5
o
5
o
5

U
o
o
o
o
o
o

VSG TBULK
73.9
74.9
76.1
77.6
79.9
B't .7
a2.3

TBULK

NUTP
57-O
54 -9

HTP
100 . o
96. O

105.0
108 . o
95. O

90 . o
90. o

HTP
99.
98.

HTP
96. O

97.O
96. O

76
77
77
7B
79

59.
61.

I
1

3
1

1

54
51
51

-79
.BO

ML=61 . B MG=

PDF= O. O34

FLOW PÀ:I'TERN:SLUG

O.68 QFLux= 1190 NUTP= 55.4 HTP= 98 PD:n= O'273

ALFÀ=O.760 wE= o . 93 TOUT(MEÀS ) = 79 .8 ' 79 - 6

P
14.5
14 -2
14-3

SLRE
155
188
176

1

1

4
I
o
I
4

85.5
86.9
89. s
90. B
90-4

74

54-6
55.4
54 .6
54.o
52 .3
55. 1

61"O

69 .4
70.6
71.9
73.5
76.O
78. O
78.7

VSG
3.30
3.31
3.33
3.35
3 .37
3.40
3-40

RESL
163
165
168
171
176
1BO
181

RESG
510.9
502 .4
506.6

PRG
o.710
o.709
o.709

2
4
7

11
16
21
22

178
181
183

vsG
2.22
2.23
2 .24
2 -2s
2 .27
2.29
a 10

71.
72.
73.

TWÀLL
83.1
84.2

PRL
73.9
66.1
70. o

TWÀLL
82 .7
e3 .7
85.2
87. O

89.9
91.3
90 -7

NUTP
56. 1

55 - 8
55 .2
5s.3
53.9
56.3
61 .5

NUTP

97.
97.
ôE

99.
108.

95. O

92.O
97.o

o
o
o
o
o
o
o

0.260
0.259
o -259

TEST NO: 53.3

ML=61 .8 MG: 1 . OO QFLUX=

PDF: o.o31 ÀLFÀ=o.797 e7E=

F'LOW PATTERN:SLUG

1284 NUTP= 54.3 HTP= 95 PDT= O'233

O.93 TouT(MEÀs)= 79.O, 79-O

RESG
758.3'744.8
751 .5

77
78
79

TBULK

PRG
o.710
o.709
o.709

vsLTMIX RESL
6A-6 161
80.9 186
74.7 173

P
14.4
14.1
14 -2

z
2-
4.
7.

11.
16.

107 . o21 .
¿¿.



TEST NO: 53.4

ML=61 .8 MG= 1 .40 9FLUX=

PDF= O.O41 ÀLFA=O.825 wE=

423

FLOW PÀTTERN : SLUG-CHURN

1283 NUTP= 56-4 HTP= 99 PDT= O-216

o.93 TOUT(MeeS)= 78.7, 78.5

I NLET
OUTLET
MEAN

21 -
22-

TEST NO: 53.5

ML=61.8 MG=

PDF= O. O71

TMIX RESL
68.1 160
80.4 185
74.3 173

TMIX RESL
68.4 161
80.6 185
74.5 173

P

VSG TBULK TI^ÌÀLL

RESG
1 062. O
1043.4
1 052.8

RESG
1557 - O 1

1530.1 1

1 54 3 . B 1

PRL
74-3
66-4
70.3

PRL
74.-1
66. 1

70.o

TWALL
81 .1
82 -7
84.1
85 .7
88. s
90 .2
90.1

PRL
74.O
65 .7
69.8

PRG
0.710
0.709
o.710

VSL
o .260
o .259
o .259

vsG
4 .62
4.78
4.70

vsG
6.75
6 .99
6 .47

14-3
14.1
14-2

RESL
162
164
167
170
175
179
180

6s
67
69
73
76
77

4
4
4
4
4
4
4

o
5
E

o
5
o
5

z
2-
4.
7.

11.
16.

.63

FLOW PÀTTERN:CHURN

2-06 QFLUX= 1283 NUTP= 59.4 HTP= 105 PDT= o-219

ÀLFÀ=O.852 wE= O.93 TOUT(veas ) = 79.2, 79 -O

69 - O
70-2
71-5
73-1
75-6
77.6
78.3

P
4.4
4.1
4.3

'r10.
109.
110.
109.
109.
112.

9.63
9.68
9.73
9.42
9"89
9.91

165
16A
171
177
181
182

4
6
o
7
4
5
2

81.8
83.1
84.5
86.1
a8 .7
90 -2
a9 -7

PRG
o.710
0.709
o.709

NUTP
56 -7
56. O
s5. B
56. 1

55.4
57 . B
63.9

NUTP
61 .1
59.2
59.-l
59 .4
58 .2
60.0
64 .4

VSL
o .260
o .259
o .259

VSL
0.260
o .259
o .259

HTP
100.

98.
98.
oo

97-

HTP
111.

102
112

o
o
o
o
o
o
o

I NLET
OUTLET
MEÀN

TEST NO: 53.6

ML=61 .8 MG=

PDF= O.113

2.92 QFLUX=

ÀLFÀ-O.874 wE=

z
2.O
4.5
7.5

11.0
16.5
21 .O
22 .5

o
5
5
o
5
o
5

SLRE vsG
6.77
6.79
6.83
6.86
6-92
6 .9'7
6. 98

vsG
9. 59

RESG
2207.O 1

2168.7 1

2188 - O '1

TBULK
59-3
70.4
71 .8
73-4
76.O
78.1
78.8

TBULK
69.'70.
72.
73.
76.
78.
79 -

HTP
107. o
104 . o
104. o
104. o
102. o
1 06. o
1'1 3.O

163
165
167
1-7 1

176
180
141

FLOI^T PÀTTERN:CHURN

1283 NUTP: 62.3 HTP= '1 10 PDT= o-239

o.93 Tour(Þre¡s)= 79.7, 79-5

TMIX RESL
68.4 161
80.6 185
74-5 173

RESL
163

P PRG
o.710
0.709
o-709

VSG
9.56
9.93
9.75

I NLET
OUTLET
MEÀN

4.4
4.1
4.3

z
¿-
4.
7.

11.
16.

TbTÀLL
80.9
82 .2
83.8
8s.3
88. 1

90.3
90 .7

NUTP
62 .9
62.4
62.O
62 .6
62.O
61.9
63. B

o
o
o
o
o
o
o

21 .
22.



TEST NO: 53.7

ML=61 -B MG= 4.24 QFLUx=

PDF.= O. 138 ÀLF.À=o.895 wE,=

424

FLOW PÀÎTERN : CHURN-ÀNNULÀR

1381 NUTP= 66.2 HTP= 117 PDT= o.243

O.93 TouT(MEÀS)= 80.8, 8O.8

I NLET
OUTLET
MEAN

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEAN

TMI X
69 .4
a2.3
75.8

RESL
163
189
't7 6

RESG
3206.O
3146 -9
317 6 .5

PRL
73-2
64 .9
69. O

TWÀLL

TWÀLL
81.O
82 .4
84. 1

8s.9
88.5
90 "791.6

PRL
73.1 0
64.7 0
68.8 0

PRG
o.710
o.709
o.709

o.
o.
o.

vsL
0.260
o .260
o .259

vsc
13.96
14. 50
14.23

VSG
20 .63
21 .43
21.04

vsG
29 .24
30.39
29.A3

SL
260
260
259

't 22
118
118
114
110
1166s.

81
a2
B4
86
89
92
92

't 67
170
173
't79
183
185

P
4-4
4-1
4.2

TEST NO: 53.8

ML=61.8 MG=

PDF= O. 1 57

RESL
165

TMIX RESL
69. 3 163
a2.o 1 88
75.7 175

TMIX RESL
69.5 163
81 .9 188
75.7 175

174
179
184
185

z vsG
14. oo
14 . 06
14.13
14.21
14.34
14 .44
14 .48

TBULK
70.3
7't .6
73.O
74-B
7?.5
79.7
80.4

NUTP
68.9

HTP
't21 .

HTP
128 .

2
4
7

11
16

22

o
5
5
o
5
o
5

z
2.O
4.5
7.3

11.0
16.5
21 .o
22 .5

o
5
5
o
5
o
5

L
2.
4-
7.

11.
16.

7
I
'7

4
6
2
4

69
66
67
64
62

o
o
o
o
o
o
o

126 .
124 -
123 -
125 .
125 .
123 .

2
9
1

I
I
I

'72.7
71.7
70.6
70.1
71 .3
71"1
70.1

FLOW PATTERN : CHURN-ÀNNULÀR

6.27 QF.Lux= 1381 NUTP= 71.O HTP= 125 PDT= O.244

ÀLFÀ=0.91 3 wE= O.93 TouT(¡aeas)= 80.8, 8O.8

RESG
4731.O
4646. O
4689.O

P
14.3
'1 4.1
14.2

PRL PRG
o.710
o.709
o.709

73-2
64 .9
69. O

SLRE vsG
20.70
20.79
20.89
21.01
21.20
21 .35
21 . 4'l

vsG
29 .34
29.46
29 .61
29.74
30. o5
30 .27
30.35

RESG
67 19.O
6600.9
6660. 5

TAULK
70.3
71.6
73.O
74.8
77.5
79.7
80.4

TBULK
70 .5
71.7
73.2
75.0
77.7'79.9
80.7

NUTP
165
167
170
173
179
183
185

o
o
o
o
o
0
o

TES? NO: 53.9

ML=61 . B MG= 8.90 QFLUX=

PDF= O.175 ÀLFÀ=O.927 wE=

FLOW PÀTTERN:ANNULÀR

1381 NUTP= 74.1 HTP= 131 PDT: O.248

O.93 ToUT(MEÀS)= 81.3, 80.8

PRG
710
709
709

P
14.4
14..'|
14.2

HTP
36.O
33.0
30.o
29.O
28. O

31.o
29.O

RESL
165
167
170

vsL
0.260
o. 260
o .259

21 .
22.

TWÀLL
80. s
82.O
83.8
85.6'88.4
90. s
91 - 4

NUTP
7'7.5
75.7
74.O
73.5
73.O
74.3
73.3



TEST

ML=6 1

PDF-

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

TMI X
70.7
83.9
77 -3

TMI X
70 -7
84.8
77.8

RTSL RESG
1 3150. O
1 2903 .1
1 3027 -O

NO: 53-1O

I MG= 12-50 QFLUX=

O.2O5 ÀLFÀ=O.939 WE=

TMI X
70-1
83.9
77.O

425

FLOI^¡ PÀTTERN:ÀNNULÀR

158? NUTP= 77.3 HTP= 136 PDT= O'266

0.93 TOUT(MEÀs)= a2-8, A2-6

SLRE P
164
192
178

RESG
9433.
9247 -
9340.

PRL
72.6
63 .7
68.0

TWÀLL
81 -7
83.5
85.5
87.8
91 .1
93 -7
94.5

PRL
72.1
63 .6
67 -A

TWÀLL
81 .1
83.1
85.3
87 -8
91 -4
94.2
95. 1

PRL
72.1
63-2
67 -5
TWÀLL

ao.7

PRG
o.710
o.708
o-709

vsL
o.260
o.260
o.259

vsL
o .260
o.260
o.259

vsG
40.99
42.72
41 .88

VSG
46 .24

o1
71
41

4.4
4-1
4.3

z
2.O
4.5
'7 .5

11.o
16.5
21 .O
22 .5

SLRE VSG
41.13
41.32
41 -54
41.80
42.21
4? .55
42.66

TBULK NUTP HTP
50.0
44. o
40. o
3s-o
31.O
30. o
29.O

HTP
168.O

166
169
172
176
182
187
189

57.
47-
39.
31.
26-
25-

71.8
73.O
74.6
76.4
79.2
81.6
a2-3

67
70
73
77
82
87
89

ao.
63.
50.
38.
31.
)a

1

I
'7

I
9
o

2
4
'Ì

11
16
21
22

83
85
BB
92
95
97

o
5
5
o
5
o
5

167
170
173
177
183
188
190

71.2
72 .6
74.2'76.1
79.O
81.4
82.3

85.
82-
79 -76.

3
o
3
I
6
I
5

3
1

4
9
2
6
I

95
89
83
78
74

74
73
73

TEST NO: 53.1 1

ML=61.8 MG= 17.45 QFLUX=

PDF= O.245 ÀLFÀ=O.944 wE-

FLOT^7 PÀTTERN:ÀNNULÀR

1587 NUTP: 79.5 HTP= 140 PDT= 0.3O1

O.93 TouT(¡ae¡s)= 83-1, A2-4

P PRG
o.710
0.708
o.709

RTSL

TEST NO: 53.1 2

ML-61.8 MG= 25.54

PDF= 0.358 ÀLFÀ=O

FLOW PÀTTERN:ÀNNULÀR

1806 NUTP= U.6.'7 HTP= 1 53 PDT: o - 398

O.94 TouT(MEÀS)= 84-1, A2-6

48. 08
47.19

17 .8
1'7 -5
1'7 .7

165
192
179

14 .6
14.2
14-4

165
194
180

VSG
46-40
46-59
46.83
47.10
47 -54
47.90
48.O2

vsG
a3 .20
83.6s
84 .20
84.84
85.8s
86.70
86.98

TBULK

TBULK
71.8
73.2'74.8
76.7
79.7
82 .1
a2 .9

NUTPz
2-O
4.5
7.5

11.o
16.5
21 .O
22-5

71.
70.

o
o
o
o
o
o

1

QFLUX:

960 wE=

PSLRE RESG
19252.O
18866. O

1 9059 .2

PRG
.7 10
.708
.7 09

vsL
o.260
o .260
o.259

VSG
a2 .44
87.12
85.04

o
0
o

LESRz NUTP
114.5
102 .4

92 .5
85.1
78.3
74.3
73.2

HTP
202 - o

o
o
o
o
o
o
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TEST NO: 53.1 3 F LOI^? PÀTTERN : ÀNNULAR

ML=61 .8 MG= 34 -49 Qrr.UX= 1AO7 NUTP= 84 -4 HTP= 149 PDT= O '475

PDF= O.44O ÀLFÀ=O.967 t^tE= o.94 TOUT(MEÀS)= 84.0, 81.7

TMIX RESL
70.9 166
84,1 192
77.5 179

RESG
25988. O 1

25500.5 -l

25744.6 1

PRL
71.9 0
63.5 0
67.6 0

vsL
o.260
0.260
o .259

VSG
1 08.56
1',1 4.51
111-62

P PRG
710
708
709

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEAN

RESL
168

RESL
16'/
169
172
175
179
183
185

vsG
109 - o6
1 09.69
1 10.44
1 11 .33
112-75
1't3 -92
114-31

VSG
215-23
21 6 .94
219.O1
221.48
225 - 43
228-75
229 .87

RESG
38990. O

38254 - 4
3A622 - 5

RESG
56221.O
55395.3
55808.3

PRG
o.710
0.708
o -709

NUTP

NUTP
90.8
61.6
51 .1
45.5
41.4
39.2
38.6

VSL
o .260
0.260
o .259

vsL
o .260
o .260
o .259

HTP
220 -

HTP
233.
168.

HTP
160.
108.

vsG
155-77
167.13
161.58

5.O
4.6
4.8

170
173
177
183
187
189

2.O
4.5
-Ê

11.O
16.5
21 .O
22 .5

TBULK TWÀLL

TEST NO: 53.1 4

ML=61 .8 MG= 51 .7 6 Qnr,UX:

PDF= o.693 ÀLF.À=O.974 wE=

71.9
73-2'74-7
76.5
79-4
81 .7
82.4

80.

PRL
71.7
62 .4
66.9

TBULK TWÀLL

PRL
72.O
65. O

68 .4

TT^'ÀLL
83. O

89 .4
94 .2

24 -9
05.1
91 .3
81 .7
73-1
68.4
67 .3

1

9
9
1

4
7
7

82
85
89
93
96
97

1

1

0
o
o
0
o
o
0

o
0
o
o
o
0
0

o
o
o
o
o
o
0

SLRT

FLOW PÀTTERN:ÀNNULÀR

2045 NUTP= 70.O HTP= 123 PDT= O.719

o.94
P

TouT(MEÀs)= 86.4, A2-A

185
161
144
129
120
114

133.
114.
98.
90.
89.

9
I
'/
4
5
9
3

80
85
90
95

101
10s
't 07

90
80
73
69
68

I NLET
OUTLET
MEAN

TMT X
71 .1
84 .4
77.7

RESL
168
171
175
179
185
191
192

TEST NO: 53.1 5

ML=61.8 MG= 74.61 QFLUX:

PDF= O.91 5 ÀLFÀ=O.98O wE=

F.LOW PÀTTERN :ÀNNULÀR_MIST

1815 NUTP= 49.1 HTP= 86 PDT: O.936

o.93 Tour(MEÀs)= 82.1, 79-1

166
193
180

15-7
15.0
1 5.4

16.5
15.6
16.0

G
71
89
32
o2
72
98
75

\.¡S
2.O
4.5
7.5

11.o
16.5
21 .O
22-5

72.3
73.7
75.5
77.5
80.7
83.3
84.1

56
57
59
61
63
65
66

NUTP
132.3
95-2
75-8
64.8
s5.8
51.4
50.4

TMI X
70.9
81 .2
76.1

PSLRE PRG
o.710
o.709
0.709

vsG
213 -87
230 .44
222 - 32

166
186
176

98.
102.
106.
10'/.

2.O
4.5-É

11.O
16.5
21 .O
-- E

TBULK
71.8
72.8
74.1
75.5
77.8
79-7
80.3

1

I
o
1
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s3. 16 FLOW PÀTTERN :ÀNNULAR=MI ST

MG=103.O? QFLUx= 18OB NUTP= 60.8 HTP= 1O7 PDT= 'l '435

PDF= 1 .418 ÀLFÀ=O.984 }IE= 0.93
P

TOUT(MEÀS)= 78-7, 77 -'7

TEST NO:

ML=61 - B

I NLET
OUTLET
MEÀN

TMI X't1.1
79.9
75.5

RESL
166
184
175

RESG
77640.o
76658.8
77149.8

PRL
71 .9
66 .7
69.3

ThTÀLL
81 .4
46.4
89.8
92-5
9s.6
97 -9
98.6

PRL
72.O
68. 5
70.3

TWÀLL
78.2

PRL
70.3
63.0
66 .6

PRG
o.710
o.709
o.709

vsL
o .260
o .259
o -259

vsL
o .260
o .259
o .259

vsL
o.379
o.379
o.379

VSG
266.O1
291.66
279.OO

VSG
311.14
354 - 37
332 .7 6

o.75
0.80
o.77

18.3
16.9
17 -6

TEST NO:

ML=61 .8

I NLET
OUlrLET
MEÀN

TEST NO: 54.1

ML:9O.3 MG=

PDF= 0.1 51

I NLET
OUTLET
MEÀN

TMIX RESL
71-1 166
78.3 181
74.7 173

VSG TBULK
268 . 07 71

67
85
65
79
oo
77

RESG
1432.O
o27 5 .3
o8s3.8

L

2-O
4-5
7.5

11.O
16.5
21 .O
22-5

SLRE

P
22-5
19.9
21 -2

PRG
o.710
o.709
o.710

NUTP
105.

NUTP
151.3
105.9

90.4
81.9
76.1
72.9
71 .9

HTP
185.67

69
71

1

1

1

1

1

1

1

73
76
79
80

73-
74.
76.
77 -
78-

1 30.
110.
100.

93.
89.
88.

'7 2.270 -
273.
277 .
2A3.
2A9.
290.

73
62
56
52
50
49

7
5
4
E

1

5
o

't

6

9
I
5
9

o
o
o
o
o
o
o

s3.17 FLOW PÀTTERN:ÀNNULÀR-MIST

MG:147.g2 QFLUx= 1AO2 NUTP= 8-7.6 HTP= 154 PDT= 2'653

PDF= 2-63A ÀLFA=O.987 wE= 0.93 TOUT(MEÀS)= 75.4, 76-2

11
'1 1
11

RESL
167
168
169
170

z
o
5

o
5
o
É

vsc
314.47
318 .72
323 .97
330 .29
340 .7 1

349 .7 1

3s2.80

TBULK
71.5
72.O
72.6
73.3
74.4
75.3
75.6

RESG P

H1rP
2
4
7

11
16
21
22

173
174
175

267 -O
187. O
159. O
144 . o
134 . O
128. O
127 -O

81.6
83.9
85.8
a7 .9
89-4
89. 9

O.24 QFLUx=

ÀLFA=O .57 5 t^¡E=

F.LOW PÀTTERN: SLUG

1370 NUTP= 41.7 HTP= 73 PDT= O.574

2.OO Tour(vees)= 84.4, 83-o

TMIX RESL
73.O 244
82.1 2'75
77.6 262

RESL
251
254
254
26'3
27 1

277
279

15 .2
14.6
14.9

180
178
179

7
3
5

PRG
0.710
o.708
o -709

o
3
4

2
9

97.
101.
103.
102 -

vsG
o.75
o.76
o.77
o.77
o.78
o.79
o -79

L
2.O
4.5
'7 .5

11.O
16.5
21 .O
a1 <

TBULK
73.9
75.1
7 6.4
78.1
80.6
82 .7
83.4

TWÀLL
a7 -7

NUTP
55.9
48 .4
43 .4
40.1
37 .2
38. O

39 .9

HTP
98.O
85. O

76-O
70.o
65. O

67.O
70.o

91.
94.



ML-9O.3 MG= O.63 QFLUX=

PDF= O. O35 ÀLFÀ-O - 709 wE=

428

FLOW PÀTTERN: SLUG

1285 NUTP= 56.3 HTP= 99 PDT= 0-325

1.99 TOUT(Meas)= 79.9, 79-8

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

TEST NO: 54.3

ML:90.3 MG=

PDF= O.O27

TMI X
72.5
81.O
76-7

RESL
247
272
259

RESL
249
25'l
254-Ê-
262
266
269

TMIX RESL
71.9 245
8't .7 27 4
'7 6.8 260

RESL
247
250
253
2s7
263
267
269

TMIX RESL
71.9 245
81.7 274
7 6.8 259

RESL
247
250
253
257
263
267
269

TBULK
73-1

TWÀLL

PRL
71 .3
65 .2
6A .2

TBULK TWALL
72
73

75.
77.
to

80.

73
74
t6
77
79
79

2.O
4.5
7.5

11.o
16.5
21.O
22.5

4'7
49
51
55
58
59

4
4
4
4
4
4

vsG
2.O3
2.O4
2.O5
2.O6
2.O7
2.09
2.09

RESG
474.2
468 .4
4?1-3

P
14.8
14.5
14 .6

PRL
70.8
65.6
6A-2

PRL
71.3
65 .2
68 -2

TWÀLL
86 .4
87 .5
BB.8
90. 1

92 .1
93 .4
93. O

PRG
0.710
o -709
o -709

vsL
o.379
o.379
o.379

vsG
2-02
2.10
2.O6

vsG
2 .47
2 .97
2.93

VSG
4 .45
4 .59
4 .52

NUTP
57 -1
57 .2
56.1
56.1
55.8
56. 1

58 .7

NUTP
60.4
60 .7
59 .2
s9. O

58.5
59"6
62 .6

60.
60.
59.
59.
59.
61 .
65.

101 .
99.
oo
98.
99.

103.

HTP
106.

HTP
107. o
106. O

104. o
104 . o
105. o
1 07. o
115.O

HTP
100

9
9
o
?
1

6

6
5
6
9
9
5
1

85.8
86. 6
67.8
88.9
90. B
92 .1
92.O

o
o
o
o
o
o
o

F.LOhT PÀTTERN: SLUG

O.89 gF.LUx= 1485 NUTP= 59.5 HTP= 105 PDT= O'277

ÀLFÀ=O.748 we= 1.99 TouT(MEÀs)= 80.5, AO-2

RESG
669 .6
660 .2
664 .9

P
14-7
14-4
14-5

PRG
o.710
0.709
0.709

VSL
o.379
o -379
o.379

z
2.O
4.5
7.5

11.O
16.5
21 .O
22-5

VSG
2.AA
2.49
2 .91
2.92
2 -95
2 .97
2 .97

107 .
104.
104 .
103.
105.
110.

B6.s
87 .3
88.8
90. 1

92.3
93.7
o2 R

74

o
o
o
o
o
o
o

TEST NO: 54.4

ML:9O.3 MG= 1 .36 QFLUX=

PDF= O. O42 ÀLFÀ=O.790 wE:

FLOW PÀTTERN : SLUG*CHURRN

1485 NUTP= 60.O HTP= 106 PDT= O'251

1 .gg Tour(ve¡s ) = 80.5 , 80 -2

I NLET
OUTLET
MEÀN

RESG
1027 -O
10't2.6
1019.9

.710

.7 09

.7 09

RGPP
14 .6
14.3
14-4

o
o
o

vsL
o.379
o-379
o.379

z
2-O
4-5
7.5

1't.o
16.5
21 -O
22.5

vsG
4 .46

TBULK
72.6
73-5
74.6
75.9
77.9
79.5
8o. 1

P
B
1

4
4
5
0
1

NUT



TEST NO: 54.5

ML=9O.3 MG= 1 .93 QF.LUX=

PDF= O-073 ÀLFÀ=O.819 wE=

429

F.LOW PÀTTERN : CHURN

1494 NUTP= 64.1 HTP= 113 PDT= O.254

Tour(MEÀs)= 80.4, 80.2

I NLET
OUTLET
MEÀN

TMI X
71.8
81.6
76.7

RESL
245
274
259

RESL
247
250
253
237
262
267
269

TMIX RESL
72.3 246
a2.6 277
77 .4 261

RESL
248
251
255
259
265
270
272

TMI X
72.1
a3.2
77 .6

RESL
246
278
262

RESL
248
251
255
259
266

RESG
2017.O 1

1987 -1 1

2002-1 1

vsG
8.77
8. BO
8.84
8.89
8.96
9.02
9.o4

TBULK

RESG
2266.O 1

2230.4 1

224A .3 .l

VSG TBULK
9.83 72 -9

RESG
1454.o
1434.3
1 444 .5

14.6
14-3
14-4

1 .99
P PRL

71.3
65 .2
6A .2

TWALL
85.5
86.4
87 -A
89-2
91 -2
92 .7
92 -7

PRL
70.9
64 .6
67 -7

PRG
o.710
o.709
o-709

vsL
o .379
o.379
o.379

VSG
6 .29
6. so
6.40

VSG
8-74
9. O5
8.90

VSG
9.80

10.15
9. 98

.31

.33

.35

.39
-44
.48
.49

72.
73 -

NUTP
65.
65.

74-

SG
6
6
6
6
6
6
6

TBULK HTP

21 -
22.

75 -
77 -
79-
80.

o
5
5
o
5
o
Ê

z
2.
4.
7.''r1.

16.

27 1

273

2

7
1'l
16
21
22

o
5
5
o
5
o
5

6
5
6
B
9
5
1

73.O
74.O
75 -2
76.6
78.7
80 .4
81.0

74.o
'75 -2
76.?
79.O
80 .9
81.5

3
1

I
5
3
.l

2

4
6
2
6
3
5

63
63
63
64
67

115.O
115.O
112.O
112.O
111.o
113.O
118.O

o
o
o
o
o
o
o

TEST NO: 54.6

ML=9O.3 MG= 2.64 QFLUX=

PDF= o. 1 03 ÀLFÀ=o.844 WE=

F.LOW PÀTTERN:CHURN-ÀNNULÀR

1589 NUTP= 67.9 HTP= 119 PDT= o.259

1.99 TouT(MEÀS)= 81.5, 81.2

Eì PRG
0.710
o.709
o.709

vsL
o.379
o.379
0.379

VSL
o.379
o.379
o.379

I NLET
OUTLET
MTÀN

I NLET
OUTLET
MEÀN

4.6
4-3
4.4

ML=9O. 3 MG= 3.0 1 9FLUX=

PDF= O;'l 12 ÀLFÀ=O.852 wE=

F.LOW PÀTTERN : CHURN-ÀNNULÀR

1697 NUTP= 69.1 HTP= 122 PDT= O-260

1.99 TOUT(MEAS)= 81.9, 81.7

122
119
118
117
120
122

66.
68.
69.

L
2-O
4-5
7 -5

11.O
16.5
21 -O
22 .5

86.5
a7 .6
89. O
90 .7
93. 1

94 .9
95-5

TWÀLL
85.7
86.9
88. s
89.9
92 .2
93 .7
94.O

PRL
71.O
64 .2
67 .6

NUTP
70.9
69
67
67

HTP
125 .

HTP
124.O
124.O
123.0
121.O
120. o
121 .O
121 .O

P PRG
0.710
o.708
o.709

4-6
4-3
4.4

TWÀLL NUTP
70.5
70-7
69 .7
6A-7
68. 3
68. 9
68 .8

9 .87
9 .91
9 .97

10. 05
10.12
10.14



TEST NO: 54.8

ML=9O.3 MG=

PDF= O. 1 75

5.1 5 QFLUX=

ÀLFÀ=O.884 wE=

430

FLOVS PÀTTERN : CHURN-ÀNNULAR

18OB NUTP= 77.2 HTP= 136 PDT= O'291

1.99 TOUT(¡aeeS)= 82.4, A2-2

TM] X
72-5
84.1
78-3

RESL
247
281
264

RESL
249
252
256
260
267
273
275

TMIX RESL
72.2 246
83.6 2AO
77 -9 263

VSG
16.70
16.77
16.85
16. 95't7.10
17 .22
17 .26

TBULK TWÀLL
86.3
87.5
BB.9
90.6
92.7
94.7
9s.5

85.
86.
88.
89.

PRL
71.2
64 .5
67 .4

TWÀLL
g4 .2
85.5
86.9
88.7
91 .2
93.1
93.7

NUTP

78. O
77 -6
76.3
11 '>

77 -1
75.9

NUTP
82.O

vsG
16.65
17 -29
1 6.98

vsG
36.73
38. 16
37 .47

RESG
3870. o
3806.2
3838.3

PRL
70.7 0
63.9 0
67.2 0

P
14.7
14 .4
14.5

PRG
.7't o
.708
.7 09

LVS
I NLET
OUTLET
MEAN

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

o.379
o.379
o.379

z HTP
139.O
137. o
137. O
134. O
136.O
136.O
134 . O

7A.973-3
74.4
75-7
77 -1
79-5
8't -4
82.O

41.
42.
40.
36.
2E

HTP
157 .
153.
151.
147 -

NUTP
89.0
86.9
85.6
83.4
81.'1
81 .2
81.O

2
4
7

11
16
21
22

o
5
Ê

o
5
o
5

TEST NO: 54.9

ML-90.3 MG= 7 .91 QFLUX= 1 8O7

PDF= O.2OO ALFÀ=O-906 we=

FLOW PÀTTERN:ÀNNULÀR

NUTP= 79.8 HTP= 141 PDT= O.295

1.99 TouT(¡neeS)= 81.6, 81-6

P PRL PRG VSL VSG
o -379 25.46
o .379 26.42
o.379 2s.9s

4.7
4.4
4.6

1

1

1

710
708
709

RESL
248
251
255
259
266
27'l
273

vsG
25 .54

TEST NO: 54 . '1 O

ML=90.3 MG= 11.4 1 QFLUX=

PDF= O.233 ÀLFÀ=O.922 wE=

F'LOW PÀTTERN: ÀNNULÀR

1806 NUTP= 83.6 HTP= 14'7 PDT= o-312

1 .99 TOUT(MeeS)= 81 - 5 , 81 -2

BO.
81.

25 .64
25.76
25 .91
26 .14
26.33
26 .39

z
2.O
4.5
7.5

11.o
16.5
21 .O
22 .3

72
73
75
76
78
80
81

RESG
5945.O
5848.8
5897.3

RESG
8583.O
a446 .2
8514.8

70.9 0.
64.3 0.
67.6 0.

TBULK TWÀLL HTP
144 .
143 -

73.
74-
75-
76.
78.

o
o
3
7
9
7
3

I
I
o
4
6
4
1

81.1
80.o
80.6
79.7
77 " 1

76.9

5
6
o
4
I
o
7

1

o
o
o
o
o
o
o

o
o
o
0
o
o
o

91.
94.
94.

TMI X
72.O
83.1-77 -6

RESL
245
274
262

PRG
o.710
0.709
o--709

vsL
o.379
o .3'7 9
o.379

P
14.7
14 .4
14 .6

z
2.
4.
7.

11.
16.

o
5

o
5
o
5

RESL
248
251
254
2s8
265
270
272

vsG
36.85
37. OO
37.19
37 .40
37.74
38. O2
38 .'t 2

TBULK

21 .))

143.
143.
143.



43r

NO: 54.11 F.LOW PÀTTERN: ÀNNULÀR

3 MG= 1 6. 56 QFLUx= 1807 NUTP= 83 ' 5 HTP= 14'7 PDT= O ' 348

O.282 ÀLFÀ=O.935 wE= 1.99 TOU1n(MEÀS)= a2-a, 81 -6

TEST

ML= 9O

PDF=

I NLET
OUTLET
MEAN

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

RESG
20252 . O

19919.5
20086.3

15.1
14.6
14.9

PRG
0.71 0
0.708
o.709

95273
274

2.O
4-5
7.5

1'l .o
16.5
21 .o
22-5

TMIX RESL
72.4 247
a3 -2 2'79
77 -8 263

RESL
249
252
256
260
267

TMI X
72.1
83 .2
77 .6

RESL
246
278
262

RESL
248

TMI }( RESL
244
278
261

RESL
247
250

vsG
53. 19
53.43
53.71
54. o5
54.58
55.o1
55 - 16

TBULK
73.2
74.3
'7 5.6
7'7 -O
79.4
81.3
81.9

NUTP
97 .6
92 .3

NUTP
107.2
98.9
90. o
83.1
75.7
71"6
10-3

NUTP

72.
70.

HTP
172-

HTP
89.
74.

HTP
1 99.

RESG
12449.O
1 2256 .7
12353. 1

P
14.8
14.5
14-6

PRL
70.8
64. O

67 .3
TWÀLL

PRG
o.710
0.708
o.709

PRG
o.710
o.708
o - 709

vsL
o.379
o.379
o.379

vsG
53. OO
55.23
54.15

VSG
73.08
76.50
'7 4 .84

\¡SG
84 .46
88.73
86.66

83.
85.
87.
89.
92-
94-

a7 .6
83.4
78-6
a= E
-74.6

7

2
3
4
9
7

o
4
9
5
3
2

163.
154.
147 -
1 38.
133.
131.

o
o
o
0
o
o
o

TEST NO: 34 .'l 2

ML=9O.3 MG= 23.07 QFLUX=

PDF= 0.359 ÀLFÀ:O - 946 wE=

FLOW PATTERN:ANNULAR

1922 NUTp= 83.8 HTP= 148 PDT= 0.414

1.gg Tour(MEAS)= B3-4' 80.6

RESG
17358. O

17083. O

17220 -5

PRL
71-o
64.1
67 .5
TWÀLL

83.O

PRL
71 .5
64.1
67 .7

T9TÀLL
82.6
84. B
87 .4
90. 1

94-1
97.o
98. 1

vsL
o.379
o.379
o.379

VSL
o.379
o.379
o.379

P
15.
14.
14.

0
6
B

8s
87
a9
93
96
97

251
255
259
266
272
274

L
2.O
4.5
7 -5

1',I .o
16.5
21.o
22.5

vsG
73-37
73.73'74.16
74.68
75.49
76.16
76.38

\¡SG
84.82
85 .27
85.81
86.45
87 .47
88.31
88.59

TBULK
72.9
74.o
75.3
7 6.8
79.1
81.1
81.7

1 .99
P

1

1

1

1
-1

'l

1

58.
46.
22

26.
24.

o
o
o
o
o
o
o

TEST NO: 54.1 3

ML=90.3 MG= 26.90 QFLUx=

PDF= 0.407 ÀLFÀ=o.951 wE= Tour(MEÀs)= 83.6, 80.4

FLOW PÀTTERN:ÀNNULÀR

2O3g NUTP= 85-7 HTP= 151 PDT= O'457

71.5
83.1
77 -3

TBULK
2
4
'7

11
16
21
22

o
5
5
o
5
o
5

180
163
149
135
127
124

112.
102 .
92.
84.
76.

72.4
73.6
74.9
7 6.5
78.9
81.O
81.6

54
58
66
72

2
2
2
2

I
2
4
6
6
2
7

o
0
o
o
o
o
o274



TEST NO: 54. 1 4

ML=90.3 MG: 50.71 OFLUx= 2047

PDF= O.744 ÀLFA=O.966 wP=

TMIX RESL RESG
rNLET 76.O 257 37930-O
ourLET a6.2 2AA 37381 - 8

432

F.LO[^¡ PATTERN :ÀNNULÀR

NUTP= 77.3 HTP= 1 36 PDT= 0.779

2 -01 10ur(MEÀS )= 87 -A ' 84 -6

P
16.1
15.3
15-7

PRL
68. O

6't .4
64 .6

PRG
o.709
o. 708
o.709

\'SL
o.379
o.379
o.379

vsc
150.75
161 .19
156. O8

vsc
201 .18
21 6 .60
209 . 04

78
'79
ao
83
85
85o.84

15
15
15
'1 5
tÞ
16
16

z
2.O
4-5
aÉ

11.0
16.5
21 .O
22 .5

RESL
260
263
267
271
279
284
2A6

RESL

250
254
258
259

vsG
1 .61
2 .69
4.O1
5.56
8.O5
0.14

TBtJLK
76-9

TWÀLL
85.

PRL
72.4
65.8
69. O

TWÀLL

NUTP

NUTP
103.1

69 .7
s6.4
49 -5
+4 .4
41.8
41 -2

HTP
245 -
185.
149 .

o
3
I
2
2
9

.7 09

.7 09

P
9.5
7.8
8.6

2
6
4
3
5
3
7

142 .
101 .

85.
77 -
71.

71.O
7't.7
72.5
73.5
75.O
76.3
76.7

127 -

138.9
105.o
84.5
72.1
62.O
57 .3
56. O

89
93
96

102
105
106

2
o
o
9
0
6
7

4
I
9
2
1
È

5

83.0
86.0
a8.4
91 .2
93 - O

93. s

93.
98.

103.
106.
'lo7 -

109.
101.
98.

o
o
o
o
o
o
o

o
o
o
o
o
0
o

TEST NO: 54.1 5

ML=9O.3

PDF= O.

I NLET
OUTLET
MEÀN

FLOW PÀTTERN:ANNULÀR-MIST

MG: 71.75 QFLIJX= 2047 NUTP= 53'9 HTP= 95 PDT= 0'965

936 ALFÀ=O.97 2 wE= 1.99 TouT(MEÀS)= 81.O, 78-O

70
79
75

P
6.9
EO

6.4

IX
5
7
1

TM

243
246
249
253
260
265
267

RESL
241
264
255

RESG
54098. O 1

53379 -9 1

53739.2 1

PRG
o.7'1 0
0.709
o.709

VSL
o.379
o.379
o.379

VSL
o.379
o.3'79
0.379

z
2.O
4.5
-E

11.O
'1 6"5
21 . O

22-5

\/SG
202 .43
204 . 03
205.96
20a.26
21 1 .94
215.03
216. 08

TBULK
'7 1.3
72.2
73.4
74.8
76.9
78.6
79 -2

RESG
79162.O 1

7A250.8 1

7A706.8 1

PRL
72.5 0
67.7 0
70.1 0

TWÀLL
79.O

HTP
182. O
123. O

99. O

a7.o
78.O
73.O
72.O

HTP
251 .

vsG
254 .98
281 . 41
268.33

82.
88.

TE,ST NO: 54.1 6

ML=90.3 MG=1 O4.98 QFLUX=

PDF= 1.640 ÀLFA=O.978 wE=

E.LOW PÀTTERN:ANNULÀR-MIST

2035 NUTP= a2.9 HTP= 146 PDT= 1-664

1.98 TOUT(MEÀs)= 77.2, 76-6

TMIX RESL
70.4 241
78.4 264
74.4 252

PRG
710I NLET

OUTLET
MEAN

z
2-
4.
7-

11.
16.

o
5
5
o
5
o
5

RESL
242
244
247

vsc
257.o8
259.75
263 . 02
266.92
27 3 .26
278 .65
2AO .48

TBULK NUTP

69.
68.

179.
150.
136.
126 .
122 .
121 .

21 .
22-



433

s4.17 FLOW PÀTTERN :ÀNNULAR-MI ST

MG=157.26 Qnr,Ux= 2032 NUTP= 92-4 HTP= 163 PDT= 2'943

2-963 ALFÀ=O.9B2 !.lE= 1 .98 TOUT(ueeS )= 74.2, 74.8

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

Þ{L__

PDF=

I NLET
OUTLET
MEAN

NO:

90

21 .
22.

RESL
240
241
243
) Lq,
248
251
252

RESL
621
625
629
634
642
648
651

TBULK
70.0

TWALL
77 -8
B1.O
83.3
B5-1
87 .1
88.4
88.8

PRL
67 .9
64 .8
66-4

TMIX RESL RESG
69.6 23A 118731.O
76-? 25A 117593.O
72.9 248 118162.2

P
24 .5
21-6
23-1

PRL
73-3
69. 5
71-4

PRG
o.710
o.709
o.710

vsL
o.379
o.379
o.379

vs
o.9
o.9
o.9

vsL
o.908
o.908
o.907

VSG
302 - 44
346. O3
324 -23

NUTP
147-5
109.4

94 .3
86.9
82. O

BO. 3
79.'7

71-1
71.9
73.0-74.o
74.3

2-O
4 -5
7 -5

11.o
16.5
21 -O
)) q

6
I
I
9
I
2
2

NUTP
63.9
63 .2
59. 1

59. 1

60.6
57 .3
58. 1

91
91
93
93
94
95
96

VSG
2-10
2-11
2.12
2-13
2.16
2.17
2.18

z
2.O
4.5
7.5

11.O
16"5
21 .O
22 .5

vsc
305.41
310. 09
31 s. 36
321 .7 3
332 - 23
341 - 31
344 .45

HTP

No: 55.1
216 MG=

F'LOW

NUTP=

PÀTTERN: BUBBLE_SLUG

43.5 HTP= 76 PDT= 0.674

260.0
193. O
1 66. O
153. O
144. O
141.o
140.o

o
o
o
o
o
o
o

1'l 1.
104.
104.
107 -
10'r.
102 .

O.24 QFiux= 1 390

0.098 ÀLF.À:O.415 wE= 11.40 Tour(¡neas)= 40.3, 81-6

TMI X
76.3
ao -2
78-3

RESL
619
646
632

RESG
176.1't75.1
175.6

P
15-8
15.1
15.4

PRG
o.709
o.709
o.709

L
OB
OB
o8

\/SG
o.71
o.75
o.73

2.
4.
7.

11.
16-

VSG TBULK
76.
77.
77.

NUTWÀL
91 .
93.
9s.
96.

40
37
36

-78

79
80
80

L
9
3
o
1

o
I
7

1

7
2
I
3
9
o

TP HTP
91.O
86. O

80.o
79.O
72-O
65. O

63. O

PDT= O.574
80-6

o
o
o
o
o
o
o

o
5
5
o
5
o
5

72
72
73

7
2
I
5
6
5
I

51.
48.
45.
44-12

-74
.75
.75

99-
101.
102 .

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: S5.2
216 MG: O.67 OFLUX=

O -17 4 ,\LFÀ=O.597 wE=

TMI X !ìESL
76.7 621
81 .1 652
7A.9 63-7

RESL
623
626
630
634
640
646
648

F.LOW PATTERN: SLUG

1592 NUTP= 60. O HTP= 1 06

1 1 .40 TOUT(¡aeas)= 80.5'

RESG
502.6
499 .4
501.o

PRL
67 -7
65. 1

66-4

TWÀLL

PRG
o.709
o.709
o.709

P VSG
2.09
2.18
2-14

15.4
14-8
15.1

TBULK
77.o
77 .4
77.9
78.5
79.4
80.2
BO.4

HTP
112-



TEST

ML=

PDF=

NO:

216

434

s5. 3 FLOW PATTERN : SLUG_CHURN

MG= 1.OO QFLUX= 1590 NUTP= 65.6 HTP= 115 PDT= 0'439

O. O96 ÀLFÀ=O - 655 Ì^IE= 11.40 TOUT(MEÀs)= 79.8, 79-7

RESG
748-7 1

743.9 1

746-3 1

PRL
68-4
65 -7
67.O

TWALL
BB. 9
89.8
90. B

PRL
68.3
65. s
66-9

PRG
o.709
o.709
o.709

vsL
o.908
o-908
o.907

VSL
o.908
0.908
o-907

.'t 4

.25
-20

VSG
4 .44
4.58
4.5-i

P
5.2
4 -8
5.O

SG
3
3
3

I NLET
OUTLET
MEAN

NO: 55.4
21 6 MG= 1 .40 QF LUx=

O. 075 ÀLFA:O.699 wE=

TMI X
75.4
BO.2
78. O

RESL
61s
646
630

RESL
617
620
624
628
634
640
642

TMI X
75.8
ao.5
78.2

RESL
615
648
632

RESL
617
621
624
629
636
641
643

TMIX RESL
75.3 611
79.9 644
77.6 624

613
616
620
624
63-l
636
638

TBULK
76-1
76.6
77 -1
77 .6
78.6
79-3
79.6

F'LOW

1 698 NUTP=

)
4.
7.

11.
16.

124.o
119.O
115.O
112.0
115.o
115.o
114.o

70 -
67.
6s.
63.
6s-

o
o
o
o
o
o
o

126 .
126 .'t26.
126 -'t26"
127 -

2-O
4.5
7.5

11.o
16.5
21 .O
22 .5

13
13
13
13
13
13

o
5
5
o
5
o
5

SG
.153

3
3
3
3
3
3

16
1B't9
22

I
4
2
5

91
92
93
93

6
9
4
l)
2
6

71.5
71.7
71-7
71.6
-7 1.7
72.3

NUTP HTP

HTP
1 38. O

21 .
22.

24)É
65.
64-

PÀTTERN: SLUG_CHURN

71.7 HTP= 126 PDT= O-3?5
TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF=

1'l .4O TouT(MEÀs)= AO.O, 79-9

RESG
1046. o 1

1039.O 1

1042.5 1

PRGP
5.o
4 -7
4.9

0.709
o.709
o.709

NO:

216

s5.5 F.LOT^¡ PÀTTERN : CHURN

MG= 2.O5 QFLUX= 1696 NUTP= 76'3 HTP= 134

O.'l 12 ÀLFÀ=O-742 wE: 11.40 TouT(r¿ees)= 79.3,

vsG
4-45
4 .47
4 .48
4.51
4-54
4 .57
4.58

vsG
6.52
6-54
6.56
6 .59
6 .64
6.69
6.?O

TBULK
76-2
7 6.6
77 .2
77 -8
78.8
79 -5
79 -A

TWALL
89.4
90.1
90.6
91 .2
92 .2
93. O

93. 1

PRL
68 .8
66. O

67 .4

NUTP
72-9

HTP
128 -

PDT= O.369

79.2
VSG
6.so
6.71
6.60

I NLET
OUTLET
MEAN

RESG
1532. O
't522-5
1527.7

P
15.O
'l 4-7
14.8

PRG
0.709
o.709
0.709

VSL
0.908
0.908
o.907

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

SLRT TBULK
75.

TWÀLL
87.8

NUTP
78-6
76-A
7 6.2
77 -1
75.6
75.2
75-3

88.5
89.1
89-6
90.8
91 .7
91.9

76.
76.
77.
78.
78.
79.

6
o
6
1

1

9
1

5.O
4.o
6.O
3.O
2.O
3.O



FLOv.r

NUTP=

PATTERN: CHURN

435

PDT= O.384
80.2

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF:

I NLET
OUTLET
MEÀN

NO: S5.6
216 MG=

NO:

216

2 .8'1 QFLUx= 1 I OB 79.5 HTP= 140

TOUT(MEÀS)= 8O-2,O.1 60 ÀLFÀ=O -77 5 wE=

TMIX RESL
75.7 614
80.7 650
78.2 6'32

2144-O
21 29 .6
2137.3

11.40

RESG P

TBULK
76.1
76-6
77 .2
77 -9
7A.9
79.8
ao. 1

PRL
68.4
65,3
66-9

TWALL
88.5

68
65
66

TWALL
BB.8
89.3
90.1
90. I
92.1
93. O

93 .4

PRL
68 .7
65 .4
67.O

PRG
o.709
o.709
o.709

VSL
o.908
o.904
o-907

VSG
9-O6
9-37
a ))

\¡SG
13.41
13.92
13 .67

vsG
19.63
20 .43
20.o4

1

1

1

5-1
4 -7
4.9

RESL
617
620
624

TMIX RES
75.8 615
81.1 652
78.4 633

RESL
617
621
625
630
638
645
647

TMIX RESL
75.3 61'l
80.6 649
77.9 630

RESL
614

VSG
9. O9
9 .12
9. 16
9 .20
9 .24
9 .34
9-36

vsG
13 .46
13.51
13 .57
13.65
13.77
13.87
13.90

RESG
3172.O
3148.1
31 60 . 1

P
15. 1

14 .7
14-9

P
15.4
14.9
15.1

NUTP
82 .3
81.8
80.o
78.7
7A-6
78.5
78. 1

NUTP
86. O

86. O

85 -2
84 .7
84. O

83.8
83.6

vsL
o.908
o.908
o-907

\/SL
o.908
o.908
o - 90'7

HTP
145-

HTP
1s9. O
156. O

154. o
154 . o
154. o
154. o
'1 54.o

629
637
643
645

2

7
11
16
21
22

o
5
5
o
5
o
5

89. 1

90. o
90.9
91 .9
92 .4
93 .2

44-
41 -
39.
38.
38.
37-

o
o
o
o
o
U
o

s5.7 F.LOW PÀTTERN : CHURN-ANNULAR

MG= 4.24 QFLUX= 1922 NUTP= 84 '7 HTP= 149 PDT= O ' 436

O.247 ÀLFÀ:O.B1O wE= 1 1.40 TouT(MEAS)= 80.5, BO.4

L PRL. PRG
4 0-709
1 0.709
I O.709

HTP
152-O
151.o
1 50. o
149.O
148. O
147 -O
147 -O

t
2.
4.
7.

11.
16.
21 .
22.

61
62
62
53

o
5
5
o
5
o
5

o
5
5
o
5
o
5

TBULK
76-2
76.7
77 .3
78. O
79.1
BO. O

80.3

TEST

ML=

PDF=

NO:

216
s5.8 FLOW PATTERN :CHURN_ÀNNULÀR

MG= 6-33 QFLUx= 1921 NUTP= 87.8 HTP= 155 PDT= 0'491

o.331 ÀLFA=O-839 wE= 11.4O TouT(MEAs)= 80.1, 80.1

I NLET
OUTLET
MEÀN

RESG
4737.O
4701 -4
47 19 .2

PRG
o.709
o.'709
o -709

NUTP
90.5
88.6
87 .7
87 .3
87.3
87 -5
87 -4

75.7
76.2
76.9
77.6
78.7
79 .6
79.9

z
2
4
7

11
16
21
22

I
2
'7

5

vsG
19-69
19 .'78
19. 88
20. oo
20.19
20.3s
20 .41

TBULK TWALL
87 .7
88. 5
89.3
90. o
91 -2
92.1
92-4

642
644



436

NO: S5.9
21 6 MG=

FLOW PÀTTERN:ÀNNULAR

8.89 QFLUx= 2039 NUTP= 91.8 HTP= 162 PDT= O.5O3

O.365 ALFA=O.862 we= 11.40 TouT(MEÀS)= 80.6, 80.6

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TMIX RESL
75-5 613
81.O 652
78.3 632

RESL
616
620
624
630
638
645
647

616
619
624
629
637
643
645

TMI X
75.4
80.9
78.1

RESL
612
651
631

RESL
615
619
623
628
637
643
646

RESG
6654.o 1

6601.6 1

6624.0 1

PRLP PRG
-709
.7 09
-709

\/SL
o.908
0.908
o .907

VSG
27 -54
28 .7'l
28.14

vsG
38.8s
40.58
39 -'7 4

vsG
53 -21
55.64
54 .46

5.4
4.9
5.1

68.6 0
65.1 0
66.8 0

vsG
27 -64
?.7.76
27 .91
2A.09
2A .36
2A .60
28-67

TBULK

r.LOW

2O3A NUTP=

TT^TÀLL
a8 - 1

89. O

a9 .7
90.6
91 -7
92.6
93. O

NUTP
9s-O
92 .1
91 .7
90-9
91.6
92-O
91.6

HTPz
2
4
7

1.1
16
21
22

o
o
o
o
o
o
o

o
o
o
o
o
o
o

189. O
181.O
176-O
168. O

164-O
162.O

111.
107 -
102 .
100.
95.

z
2.O
¿.q
7 -5

11.O
16-5
21 -O
22-5

o
5
5
o
5
o
5

75.9
76-3
77 -'l
77.9
79.1
80. 1

80.4

167
162
162
'r 60
161
162
161

NO: 55.1O
216 MG= 12-54 9FLux=
O.423 ÀLFA=O.483 wE=

TMIX RESL
75.5 613
81.O 652
78 -3 632

PÀTTERN: ÀNNULAR

97.O HTP= 171 PDT= 0.54O

11.40 TOUT(MEAS)= 80.4, 80.1

PRL
68. s O

65.3 0
66.9 0

P
15.4
14.9
15.1

177 -
173 -
171.
166.
166.
164 .

100
98
97
94
94
93

o
5
5
o
5
o
5

RESG
9385. O

9312 - 4
9349.1

PRG
.7 09
.7 09
.7 09

VSL
o.908
0.906
o-907

2-
4.
7-

11.
16.

RESL vsG
39. OO
39.18
39.40
39.65
40. o6
40.40
40.52

TBULK
75.9
76-5
77 .1
77 -8
78-9
79-A
80. 1

TWÀLL
86.9
a7 -9
88.8
89.7
91 .2
92.O
92 .5

PRL
68.6
6s. 3
66.9

NUTP HTP
185 -

HTP
197 -O

2't -
22-

NO: 55.11
216 MG= 17.37 QFLI.'X=

o.462 ÀLFÀ=O.899 wE:

104.

FLOW PÀTTERN:ANNULÀR

2062 NUTP= 99.7 HTP= 176 PDT= o - 563

11.4O TouT(veeS)= 80.9, 79.8

9
6
2
0
2
4
3

6
o
7
o
6
2
I

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

RESG
13004. o
1 2902 .4
12953.8

P
15.6
15.O
15-3

PRG
o -709
o -709o.709

vsL
0.908
0.908
o-907

\/SG
53.41
53.66
53.97
54 .34
54 -9255.40
55.56

TBULK
75-8
76-4
77 -O
7'7 .7
7A-9
79 .4
80.1

TWÀLL
86.3
87.3
88.4
89.4
91 .1
92-4
92 .9

NUTP

93.
91.



437

s5. 12 F.LOW PATTERN: ÀNNULÀR

MG= 25-27 QFLUX= 2184 NUTP=102'8 HTP= 181 PDT= O'665

O-581 ÀLFÀ:O.916 wE= 11-4O TouT(¡lBeS)= A2.6, BO.O

I NLET
OUTLET
MEÀN

TEST

ML:
PDF=

TEST

ML=

PDF.=

NO:

216

NO:

216

NO:

216

NUTP
24 .4
16-6
o9.3
o3.3
95.O
89-B
88.3

87
BB
90
92
94
o<

33-5
21 -1
09.6
oo.1
89-3
a2-6
80. s

104
95
93

NUTP
137.8
102.7
83.1
70. o
59-3
54.1
52 .6

RESLz
2.O
4.5
'7 -5

11.O
16.5
21 .O
22 .5

TMI X
75.8
81.5
7B-6

RESL
615
655
635

RESL
618
622
627
633
642
650
653

TMIX RESL
75.6 614
81.5 65s
78.6 634

RESG
25025 - O

248't 7 . 6
24921 -7

TBULK
76-3

TWALL
86.

7B -
79 -
BO.
81.

PRL
6A .4
64.1
66-2

TBULK TWALL

FLOI^7

NUTP=

PRL
68. 3
64 .6
66.4

TBULK
76.3
76.4
77 -6
78 .4
79.7
80.7
81.1

TWALL
85.6
89 .4
93.1
96.9

101.6
104-9
105.9

VSG
76-69
77 -12
77.63
7B -24
79.21
80. o2
ao .29

vsG
99.70

100.31
1.07
1 .95
3 .3'7
4 .56
4-96

RESG
18906.O
18753. O

1 A829. B

P
1 5.8
15. 1

15-5

PRL
68. 3
64 .6
66.4

PRG
o.709
o.709
o.709

PRG
o.709
o.708
o.709

PRG
o.709
o.709
o.709

vSL
o.908
o.908
o.907

vsL
o.908
o.904
o.908

vsL
o.908
o.908
o-907

vsG
76-36
BO-42
78.44

HTP
219.O
206-O
.l 93.O
182.O
167. O
158. O
-1 s6-O

HTP
235.O
214.O
193. O
176.O
157 . O
145.O
142.O

HTP
243.O
181.
146 .
123 -

vsc
99 -21

105.16't02-25

76
77

2
1
7

11
16
21
22

o
5
5
o
5
o
5

9
6
4
7
I
1

¿
4
9
4
7
6
2

9

5
6
7
.1

o

a9
91
94
97
98

s5. 13 F LOt"7 PATTERN: ÀNNULAR

MG=33.44QFLUX=22a5NUTP=1oo.6HTP=177PDT=o.753
O.680 ÀLFÀ=O.927 eIE= 1 1 .40 TouT(MEÀs ) = 83.8 , 80. 3

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

P
16.1
t5-J
15.7

RESL
618
622
624
635
646
555
658

TMIX RESL
75.8 615
81.4 654
7A.6 63s

NUTP
2.O
4.5
7.5-r1.o

16.5
21 .O
22-5

10
10
10
10
10

76.2
76 -9
77.7
78 -7
80.2
81.4
B1-8

85.
87-

PATTERN: ÀNNULÀR

75-O HTP= 132 PDT= O-932
s5. 14

MG= 50.7 5 QFLUX= 2292

O.872 ÀLFÀ=O.941 wE= 1 1 .40 TOUT(MEÀS ) = 82.2, 80. 3

RESG
37972.O
37 669 .3
37821 -O

P vsG
1 44 .43
154.21
149.41

I NLET
OUTLET
MEÀN

16.8
1 5.9
16.3

618
622
627
633
642
650
652

\/SG
145-23
1 46 .24
147.46
1 48 .92
151 .25
1 53 .21
153.87

o
o
o
o
o
o



NO: 55.15
216 MG: 71.24 QFLUX=

O. 860 ALFA=O.95O wE=

438

F.LOW PÀTTERN: ÀNNULÀR-MI ST

2178 NUTP= 43.6 HTP= 77 PDT= O.910

11.40 TouT(MEÀS)= 79.6, 79.5

TEST

ML=

PDF=

I NLET
OIJTLET
MEÀN

PRLP PRG
.7 09
-709
_709

vsL
0.908
o.908
o.907

vsc
193.65
205.61
199 -75

TMIX RESL
75.1 610
BO.1 646
77.6 624

RESL
612
616
620

RTISG
53354.O
52967 - 1

53160.7
VSG TBULK

94.63 75. 5

68.9 0
65.8 0
67.3 0

7 -5
6.6
7.1

2.O
4.5
'7 -5

11.O
16.5
21 .O
a) R

?.o
4.5
7.5

11.O
16.5
21 .O
22.s

632
638
640

202.
204 -
205.

TWALL

PRL
69 .9
67 -5
68. 7

TI^lÀLL
81.3
83.9
85.5
46.7
88. O
88.8
a9 - o

NUTP
65.1
49-
44.
41.
39.
39.

NUTP
142.4
108.9
96. 3
90. 9
86.7
85.6
85.7

HTP
115.

B'7 .
17.

70.
69.
68.

HTP
251 .
192 .
70.
60.

625 73

95
97
99

39.

94-3
100.8
104.5
106.8
109.5
110.7
111.2

75.9
76.5
7'7.2
78.2
79-1
79.4

4
1

B
6
2
o

87
37
15
o1
39
20

9
6
I
3
9
7
o

o
o
o
o
o
o
o

?EST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: 55.16
2-t6 MG:1O3.99 eF.LUx=

1-636 ÀLFÀ=O.958 hlE=

TMIX RESL
74.5 606
78 -4 633
76 -5 620

FLOW

1 8OB NUTP=

PATTERN: ÀNNULÀR_MI ST

67-1 HTP= 118 PDT= 1-679

1 1.40 TouT(MEÀS)= 77.3, 78.9

RESG
77949.
77511.
77730.

PRL
69 .4
66.8
68-1

TBULK TWALL
74.
75.
76-
77 .
77 .
7A-

NUTP
101.1

7 6.4
67 .6
63. B
61.O
60.6
60.4

PÀTTERN: ÀNNULÀR-MI ST

P
o 20.6
I 18.9
a 19.7

I
2
7
2
1

B
o

P
25.5
22.4
24.2

PRG
o.709
o.709
o.709

PRG
o.709
o.709
o.709

vsL
0.908
o.907
o.907

vsL
o.908
0.907
o.907

VSG
240 .7 I
263 - 22
252.13

RESL
608
611
614
614
624
629
630

RESL
603
606
609
612
618
622
624

vsG
242 - 57
244 .84
247.62
250.93
256-31
260.88
262.43

HTP

75.

178
134
119
112
107
106
106

84
88
90
92
93
94
OE

o
o
o
o
o
o
o

o
o
o
o
o
o
o

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: S5.17
2 1 6 MG:1 48. 07 QFLUX=

2 -64 3 ÀLFÀ=O.963 wE:

TMIX RESL
73.9 601
77.4 626
75.7 61 4

FLOW

1 803 NUTP= 95.3 HTP= 1 68

1 1.41 TouT(MEÀS)= 75.9,
PDT= 2.681

78 .4
vsG

27 6 .16
309.35
292 - A2

11
11
11

RESG
1093. O

o524. O
o808.8

74-5
74.9
75.4
76 -2
76.8
77 -O

z
2-O
4.5
7 -5

11.O
16.5
21 -O
22 .5

VSG
278.74
282. O4
286. 1 0
290.97
298.96
305.81
308. 16

TBULK
74-2

1

1

1

1

1

53
51
51



TEST NO: 56.1
ML= 31O MG= O . 'l 5 QFLUX=

PDF=-O. O32 ÀLFÀ=O.27 2 wE=

439

F.LOW PÀTTERN: BUBBLE

1384 NUTP= 44.4 HTP= 78 PDT= O.691

23.40 TouT(MEAS)= 74.2, 74.3

NO: S6.2
31O MG= O.48 9FLUX=

O - 1 24 ÀLFÀ=O .48 1

TMIX RESL
71.1 836'73.8 A62
72.4 849

RESL
B3A
442
446
850
B58
864
866

TMIX RESL
71.9 843
74 -6 870
73.2 457

RESL
846
849
8s3
B5B
466
872
874

TMI X
72-7
75.8
74-3

RESL
851
883
467

RESL
854
858
462
867
875
BB 1

8a3

TBULK
71-4
7'1 .7
72--l
72.6
a- 2

73.9
74-1

FLOW

1 383 NUTP:

PSGRE PRL
72.1
69 .7
70 -9

PRG
o.710
o.709
o.710

VSL
1 .304
1 .302
1.301

VSL
1 .304
1 .302
1-301

VSG
o.46
o.48
o-47

vsG
1 .48
1 .55
1 .52

vsG
2-20
2-30
2-25

I NLET
OUTLET
MEAN

1

1

1

1't4.9
114.4
114-7

5
5
5

7
1

4

z
2-
4-
7-

'1.1.
16.

2-
4-
7.

11.
16.

vsG
o .46
o.46
o .47
o .47
o-47
o.48
o-48

48
49
50
51
E?

54
55

TWÀLL
86.4
BA. 7
90. o
90 .7
91 .3
92-1
92.O

PRL
71.4
69.1
70 -2

NUTP
52.O

HT P

21 -
22-

o
I
3
6
3
9

46
43
43
43
43
43

o
E

5
o
5
o
5

1

o
o
4
6
1

91
B1
77
76
77
76
77

o
o
o
o
o
o
o

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

PÀTTERN: BUBBLE-SLUG

50.2 HTP= 88 PDT= O.640
TOUT(¡neaS)= 74.6, 75.5wE= 23.43

RESG P
361.4 15.4
360.O 14-8
360-7 15.1

vsG

PRG
o-710
o.709
o.710

2't .
22.

88.
83.
85.

o
5
5
o
5
o
5

1.
1-
1.
1.
1-
1.
1.

TBULK
72.2
72-5
72 -9
73.4
74.1
74.7
74.9

TWALL
85.5
47.7
88.9
89.O
89.9
91 .3
91 .2

PRL
70.8
68 .4
69-6

TWÀLL
86.3

NUTP
s8. I
51 .6
49.O
50 -2
49.8
47 .5
48. 1

NUTP
68. s
61.6
s9.8
61 -7
59 .2
57 -2
56.4

HTP
103.
91.
86.
BB.

HTP
121 .

o
o
o
o
o
o
o

o
o
o
o
o
o
o

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

NO: 56.3
31O MG: O-71 QFLUX=

O.1 42 ÀLF.À=O.548 wE:

F.LOW PATTERN : BUBBLE-SLUG

1609 NUTP= 60.4 HTP= 106 PDT= O.59'l
23-46 TOUÎ(ueaS)= 76.1, 75.9

RESG
535.5 1

533.1 1

534.3 1

P PRG
o.710
o.709
o.709

VSL
1 .304
1 .302
1 .302

5-4
4-8
5-1

88.
89.
89.
90.

vsG
2-21
2-22
2.23
2-24
2 .27
2 .29
2-29

z
2-O
4-5
7.5

11.O
16.5
21 .O
22.5

TBULK
73.O
73.3
73.4
74-3
75.O
75.7
75.9

108
105
108
104
101

99
91.
92.



FLOW

1 608 NUTP=

440

PATTERN: BUBBLE-SLUG

66.O HTP= -l 16 PDT= O.525
TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML:
PDF=

NO: S6.4
31O MG= 1-OO 9Fr,ux=
O - 130 ÀLFÀ=O.603 l'IE=

RESL

23.45 TouT(MEÀS)= 75.7, 75.5

I NLET
OUTLET
MEÀN

21 .

OUTLET 76.2

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

TMI X
72-4
75-6
74-O

849
BBO
864

RESL
851
855
8s9
a64
871
877
879

TMIX RESL
72.8 853
76.3 888
74-6 870

849
BB6
868

RESL
852
856
86i
866
874
881
884

RESG
751 .9
748-5
750 -2

PRL
71.O
6A .7
59.8

PRG
0.710
0.709
o.709

vsL
1 .304
1 -302
1 .301

VSL
1 .304
1 -302
1 .302

VSG
3.'t2
3.25
3.19

4 .46
4 .62
4 -54

o .444

VSG
6 .24
6.51
6.39

P
15 .2
14.7
14-9

vsG
3.13
3.'1 4
3-16
3.18
3 -21
2 12

3 .24

TBULK
72.

74.
75-
tÊ

TI^¡ALL
Bs.3

PRL
70 -7
68-2
69-4
TT^¡ÀLL

87.O
87 .4
88. 1

88.7
89.4
90. o
90. 3

NUTP

65.
63.

NUTP
73-6

NUTP
79-4

HTP
129 -

HTP
130.

HTP
140. o

2
4
7

'l 1

16
21
22

4.
7.

11.
16.

o
5
5
o
5
o
5

73
73
73

7
o
4
9
7
3
R

86.3
87 .4
88 .2
88.4
89.3
89.8

72
6B
65
63
66

21.
15.
12-
16.
IE

12-

27
26
27
27
26

4
6
4
9
'1

2
B

73.4
72 - 1

71-9
72 .2
72"2
71-B

o
o
o
o
o
o
o

NO:

310

s6. s F.LOI^¡ PÀTTERN : SLUG_CHURN

MG= 1.40 QFLUX= 1806 NUTP: 72'3 HTP= 127 PDT= 0'452

O.1 07 ÀLFÀ:O.653 wE= 23.46 TouT(MEÀs)= 76-2, 76-z

RESG
1056. O
1050.7
1053.4

P
15-O
14-5
14 .8

PRG
0.710
o.709
o. 709

vsG

73.5
73-9
74.4
75.2
75.9
76.1

RESL
856
859
863
869
877
8A3
885

o
5
5
o
5
o
5

vsG
4.47
4 .49
4.51
4.53
4-57
4.60
4-61

TBULK
73-1 29-

TERN: SLUG-CHURN

HTP= 137 PDT=

es)= 76.O, 76.1

PRG VSL
10 1.304
09 1 .302
09 1 .302

o
o
o
o
o
o
U

TEST NO: 56.6 FLOW PÀT

ML= 31O MG= 1-97 QFI-UX= 1919 NUTP= 77'5

pDF= O.143 ÀLFÀ:O.697 erp= 23.45 TOUT(ME

TMTX RESL RESG P PRL
1479-O
14'7 1.6
1475-5

70.9
68.3
69 .6

14 .9
14.4
14 -7

o -7
o-7
o -7

vsG
6-29
6.32
6.3s
6. 38
6.44
6.48
6. 50

TBULK
72.8
73.2
73.6
74.2
75.O
75.7
75 -9

TWÀLL
86.5
87 .1
87 .7
BA .2
89.1
89 .7
90. 1

137 -O
136. O
136.0
1 36. O
136. O
135. O

77.9
77.4
7'7 -3
77.3
77 -5
76-9



NO: 56-7

31O MG= 2-75 QFLUX=

O.206 ÀLFÀ:O.734 LtE=

FLOT^] PÀTTERN: CHURN

2037 NUTP= A2-9 HTP= 146

23 -48 TouT(veeS)= 77.O,

44I

PDT= O.47O

76.9

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF:

r NLET
OUTLET
MEÀN

TEST

ML=

PDF=

I NLET
OUTLET
MEÀ'N

NO:

310

2.O
4-5
7 -5

11.0
16.5
21 .O
22 .5

NO: S6.9

31O MG=

TMI X
73.3
77 .3
75-3

RESL
Bs8
497
877

RESL
861
865
869
875
884
891
a93

TMIX RESL
72.6 450'76.s 890
74.6 870

RESG
2062 -O
2051.1
2057.o

PRL
70-3
67 .6
68.9
TWALL

87 -2
87 -9
88.4
89. O

a9 .9
90.5
90.9

PRL
70.9
67 .4
69 .4

PRG
o.710
o -709
o.709

vsL
1 .304
1 -302
1 .302

VSL
1-304
1 .302
1 .302

vsL
1 .304
1 .302
1 .302

P
15.O
14.6
14.8

VSG
8.68
9.02
8.85

HTP
150. O
't47 -O
146.0
145.O
145.O
147 -o
145.O

PDT: O.514
76-4

I
I
B
I
a
B
9

3-31
3.39
3 .52
3 .62
3-66

170
170
171
170
169

86. 1

86 -7
8-1 -5
88. 1

89. O

89.9
90 .2

RESL
853
8s8
863
869
B'7 9
887
890

z
2.O
4.5
-E

11-o
16.5
21 -O
22-5

SGz TBULK
73-6
74.o
74-5
75-1
75.9
7 6.6
7 6.9

TBULK
'7) q

73.3
73-8
74.4
75.3
76.O
76-3

NUT P
1

4
9
6
3
3
3

2
4
7.l 
1

16
21

o
5
R

o
E

o
5

-71
-75
.79
. B4
.92
.98
.o1

vsG
13.18

85.
83.
a)
82-
a2-
B3 -
a2.

s6. I FLOT,g PÀTTERN: CHURN

MG= 4.19 QFLUX= 2035 NUTP= 89'5 HTP= 158

O-291 ALFÀ=O-7'77 wE= 23.46 ToUT(MEÀS)= 76.4,

RESG
3151.o 15
3133.5 14
3142.4 14

PRrJ
1 70.8
6 68.1
9 69-4

PRG
o.7-lo
o.709
o.709

P

NUTP
91 .3
90 .5

HTP
161 . O

159. O
155. o
157. O
158. O
157.O
157. o

HTP
175.
173.

vsG
13.14
13.68
13.41

vsG
22 .49
23 .61
23.O6

RESL
854
8sB
863
a68
877

3.24

845
8A7

7.28 OFLUx= 2318

TWÀLL

PATTERN : CHURN-ÀNNULÀR

97.O HTP= 171 PDT= O.638

1

1

1

1

1

1

88.3
a9 .4
89.8
89.4
89.0

85.6
86. 1

86.9
87 .3
88.1
88.9
a9 .2

F'LOW

NUTP=

o-462 ÀLFÀ=O.A23 wE= 23.46 TOUT(MEAS)= 76.6,'76-8

TMI X
72-5
76.9
74.7

RESL
850
894
a72

RESG
5471.O
5436.6
5454.1

P
15.4
14.7
15.O

PRG
o.710
o.709
o.709

vsG
22 .58
22.70
22.94
23.01
23.24
23.50
23 .58

TBULK
72.9
73.3
73.9
74.5
75.5
7 6.3
7 6.6

Tç.¡ALL NUTP
99. 1

9A .2
96.3
96 .6
96 .9
96 .6
96. 1

o
o
o
o
o
o
o



442

s6.10 FLOW PÀTTERN:ÀNNULÀR

Mc= 11.44 OFLUX= 2564 NUTP=I01.0 HTP= 178 PDT: O'679
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TMI X
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74.8
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873
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a52
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TMIX RESL
71.8 842
76.6 891
74 -2 866
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a86
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123A6.O 1 5
1 2300. 1 1 5
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o
o
o
o
o
o
o
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194. O
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o
o
o
o
o
o
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o
5
5
o
5
o
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36.64
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8s39.3
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15.6
14.9
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PRL
71.O
67 -7
69-3
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87 -4
88.2
89. O
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91.1
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PRL
71.5
68. 1

69 - 8
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84.9
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86.9
87 .9
89.3
90.2
90.6
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0.709
0.709

\'¡SL
1 .304
1 -302
1 -302
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1 - 304
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52 .40
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6
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s6. 1 1 FLOW PÀTTERN:ÀNNULÀR
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72.4
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Ê
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106. o
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B
7
E

9
3
9
1
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4
5
6
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1

3
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77.
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o.51
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1555
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o
o
o
o
o
o
o

o
5
5
o
5
o
5
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100. o
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7
4
6
4
1

3
4
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2
7
B
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9
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s7.1 F.LOI^] PATTERN : BUBBLE

MG= O-16 QFr,Ux= 12't1 NUTP: 49'4 HTP= 87 PDT= O'8OO

O-OO1 ALF'A=O.195 wE= 70.97 TOUT(MEAS ) = 77 .3 , 77 -5

RESG
't 20 .3
120.',r
120-2

PRL
68. 1

67 .3
67 .7

PRG
o -709o.709
o.709

P
1 5.9'!5.1
15.5

z
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4.
7.

11.
16.

\¡SG
o.48

TBI'JLK TT.T NUTP HTP
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89.
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92.
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22-
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11.
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5
5
o
5
o
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77.O
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112.O
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o
5
5
o
5
o
5
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7.
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16.

TMIX RESL
77.o 1 553
78 -B 1585
77 .9 1569

RESL
1556
1559
1563
1 56?'t574
15BO
1582

vsG
2.74
2.76
? .79
2 .82
2-85
2.85

TBULK
77 -1
77 -3
77 .5
7'7.8
7A.2
78.5
78-6,

RESG
665. 1

663-4
664 .3

P
15-6
14-9
15-3

PRL
67 .6
66-4
67.O
TWÀLL

a9 .2
90. 1

90.8
91.6
92.3
92 .7
93.3
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67 .2
67 .8
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68 .4
67 .2
67 .4

PRG
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o.709
o.709

VSL
2 .264
2 .261
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5.95
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65.1
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77 .6
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77 -8
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1533
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PRG
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o.709
o-709
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o
o
o
o
o
o
o
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a9 .6
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4
6
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4
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2.75 QFLUx= 2244 91 -7 HTP= 162
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NO: S7.6
538 MG=
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TMI X
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78-4
77 - 1

TMI X
76.'l
79 .1
77 -6

RESL
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't 579
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RESL
1538
1 591
1565

RESG
2060. o
2052 . A
2056.6

PRL
68 .4
66 .7
67 -5
TWALL

89.
90.
90.

PRL
68.9
66.8
67 .9
TWÀLL
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PRL
6A -2
66. 1

67 -1

PRG
o.709
o.709
o.709

vsL
2-264
2 .261
2 .261
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B.4B
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B-68

HTP
168.

PDT= O.695
78. O

vsG
12.81
13-45
13.14

15.5't4.9
15 -2
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161
161
160
159
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RESL
s38
542
54?
554
564
572
574

z
2-O
4.5
'E11.o

16.5
21 .O
22 .5

TPH
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18
17
17
17
17
17

B9
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91
91
92
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12 .93
13.O1
13.11
13.26
13.39
13.43

P
3
4
3
1

2
9
o

o
o
U
o
o
o
o

3-O
1.O
7.O
6.O
6.O
9.O
9.O

o
5
5
o
5
o
5
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189.O
190. o
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VSG
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8.56
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76-3
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91 .5
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1 571

RESG
3155-o
31 12 .2
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F.LOW PATTERN: ANNULAR

294'7 NUTP=115.5 HTP= 2O4 PDT= O.991

7O-84 TouT(vses)= 7'7.1, 77-O

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TMI X
73-A
77.O
75-4

TMI X
74.8
78.4
76.6

RESL
1498
1554
1 526

RESG
9861 . O
9815.6
9838.6

PR.L
69 .9
67 .6
68.7

PRG
.7 09
-709
.7 09

vsL
2 .254
2 .261
2-260

vsL
2 .264
2 .261
2.26'l

16-7
15 .7
16-2

42
94
70

SGv
37

P
o
o
o

39-
38.

15
14
14
14
13

74.4
74-9
75.3
76.1
76.7
7 6.9

1 509
1516
1 525
1538
1549
1553

z
2.O
4.5
7 -5

11.O
16.5
21 .O
22-5

4
I
3
1

7
9

RESL
1503

RESL
1 520

VSG
37.62
37.88
38.20
38.58
39.18
39.69
39.46

TBULK
'Ì 4 -'l

TV.'ÀLL
87 .8
88.7
89.3
89.9
90 "791.3
91 -7

PRL
69 - 1

66 .9
68.O
TWÀLL

88.7
a9.7
90. 5
91 -2
92.O
92 .4
93.2

NUTP
121 -6

HTP
214.O
207.O
203.O
202.O
201.O
203. O
200. o

HTP
239.

17 - 2
4
I
2
9
6

NO: 57.11 FLOW PÀTTERN:ÀNNULÀR

538 MG= 18.24 QFr.uX= 3267 NUTP=125.6 HTP= 221 PDT= 1 -249

1 . O93 ÀLFÀ=O .844 wE= 70.93 TOUT(MEÀS)= 78.3, 7'7.7

RESL
1515 1

1578 1

1547 1

RESG P PRG
o.709
o.709
o.709

VSG
51.22
55.48
53.38

3668
3 s98
3633

.o 1

.2 1

.4 1

7.O
5-7
6-4

z
2.O
4.5
7 -5

11.O
16.5
21 .O
22 .5

51-99
52 .52
53. 1 5
54. 18
55. O4
5s.33

1 526
1533
1 542
'r 555
1 566
'r 570

vsG
51.56

TBULK
75 - 1

75.
75-
76.
77.
77.

NI'JTP
135.3
129 .4
126 .3
124 .5
123 .7
122 .9
121.O

229
223
219
218
217
21377



TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO:

s3B

NO:

538

PF.L
68.5
66. O
6-Ì .2

PRG
0.709
o.709
o.709

448

s7.12 FLOW PATTERN:ANNULÀR

MG=25.24QFLUX=3268NUTP=.129.4HTP=22aPDT=-1.438

1.3O3 ALFÀ=O.864 wE= 71.04 TOUT(MEÀS)= 79.8, 78.6
VSG

68.90
15 .37
-72 - 17

TWALL NUTP

VS
a1

2-2
2-2

15
15
15
15
15
tÊ

2.O
4.5
7 -5

11.o
16.5
21.o
22-5

2-O
4.5
7.5

11.O
1 6.5
21.O)) tr

o
5
5
o
5
o
5

TMIX RESL
75.7 1530
79 -2 1593
77 -4 1562

RESL
1536

42
50
60
75
87
91

TMI X
7 6.4
ao. o
78 -2

RESL
1 542
1 606
157 4

RESG
1 8884. O

1 8788. 1

1 8A36.2
vsG

69 .42
70.07
70.87
7't -8373-38
74.69'75-14

TBULK
76.O
76.4
76.8
77 -3
7B-2
78 -9
79-1

L
61
61
61

P
't7 -5
16.O
16.8

234
228
22(o
215
216

137
132
129
124
122
122

149-1
141 .4
135.9
128.6
124.4
122 .3

o1 .26
02 .39
03.73
o5.90
07.73
o8.36

9
9
I
2
5

88.8 144. 6
B

1

7
2
5

HTP
2s5.
243.

o
c
o
o
o
o
o

89.8
90.8

o
o)

91
93
94
94

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF=

1 -318 ÀLFÀ=O.886 wE=

FLOW PATTERN:ANNULAR

3389 NUTP=135.9 HTP= 24O PDT= 1 '432
71.19 TouT(rqeas): 81-4, 79.5

s7.13
MG= 37.92 QFLUx=

RESG
28350. o
28203 " 428277.2

PRL
67 -9
65. 1

66. s

TI^¡ÀLL
88.9
90. o
91 -2
92.4
94 .2
9s.5
96.1

PRL
68.6
65. 1

66.9

TI.TALL
8'7 .3
88.8

PRG
o.709
o.709
o.709

vsL
2 .264
2 .262
2-261

vsL
2.264
2.262
2 .261

VSG
99 .62

1 08.58
104.20

P
18 .2
16.8
17 -5

RESL
1 549
1 556
1 566
1577
1 594
1608
1613

TI'{I X RESL
75.4 't526
79.1 1591
77 -3 1 558

RESG
42791.O
42563 . O

42677.2

VSG
oo-34

TBULK
76-7
77.1
77.'7
78.3
79-3
80.1
80.4

1

1

1

1

1

1

1

NUTP
157 -2

NUTP
174-4
60.4

HTP
277.o
263.O
249-O
240.o
227.O
219.O
216. O

PDT= 1.917

79.2
VSG

1 37 .34
1 52 .95
't 45 .20

NO:

s38

21 .
22.

s7 .14 F.LOW PÀTTERN: ANNULÀR

MG= 57.16 OFLUX= 3541 NUTP=137'5 HTP= 242

1 .82O ÀLEÀ=O.9O3 wE= 71.o9 TOUT(MEÀS)= 81 -8,

P PRG
0.709
o.709
o.709

I NLET
OUTLET
MEÀN

'19.9
1-t .9
18.9

z)
4.
7.

11.
16.

RESL
1533
1543
1554
1 s68
1589
1 607
1 612

vsG
1 38.56
140. 13
142.O4
144-34
1 48. O9
151 - 30
152-39

TBULK
75.4
76.4
77.o
77.8
79.O
80. o
80.3

1

1
1
1

1

1

47
37
24
16
13

90.6
92 .3
95. 1

97 -3
98. O

HTP
308. O

283.O
26't . O

243.O
220.o
205.o
200. o



NO: 57.1 5

538 MG= A2.29 QFLUX=

O.891 ÀLFÀ=O.919 wE=

449

F.LOW PÀTTERN : ÀNNULÀR-MI ST

1820 NUTP= 41.O HTP= 72 PDT= 0.972

7O-99 TouT(MEÀS)= 78.0, 78-3

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

ÎnEST

ML=

PDF:

TMI X
76-O
77 .8
76.9

TMI X
76.4
78 .4
77 -4

TMI X
75.7
77 .7
76 -7

RESL
1 536
1 568
1552

RESG
61555.O 1

61390-2 1

61472-6 1

PRG
o.709
o.709
0.709

\/SL
2 .264
2.261
2 .26'l

vsc
198-26
208.98
203 -7 4

vsG
254.19
276-OO
26s -24

vsc
27 9 .53
312.4'7
296 - OA

P PRL
68.3
66.8
67 .6

9.8
8.9
9.3

98
oo
o2
o5
o6
o7

TBUL
76-
76-
76.

2.O
4.5
'E11.o

16.5
21 .O
22.5

RESL
1539
1543
1548
1s53
1 562
1570
157 2

vsG
1 99. 14
?oo - 26
201 .61
203 .20
205 .'7 6
20-Ì .90
208.62

K
1

+
7
o
5
9
o

TWÀLL
94 .5

PRL
67 -9
66. O
66 .9

NUTP
56. O

HTP
99. O

B3.O
75.O
-7 1.O
65. O
63. O

62.O

PDT: 1.727

80.4

77 -
77.
77 -
78-

47.
L)
40.
37.

2

4
2
B
4

35.
35.

'1

I
Ê

2
7
2

NO:

538

NO:

538

RESL
'l 544
157 9
1 562

P
¿¿ .6
20-9
21 -'7

PRG
o.709
o.709
o.709

vsL
2 .264
2 .261
2 .261

vsL
2.264
2 .261
2.261

s7 . 16 FLOW PÀTTERN:ÀNNULÀR-MIST

MG= 1 20 . 04 QFLUx= 2044 NUTP= 65.6 HTP= 1 1 5

1 .657 ÀLFA=O.93O wE= 71 -08 TOUT(MEÀS)= 78-2,

I NLET
OUTLET
MEÀN

RESG
89728.O
89468.3
89s98. 1

HTPz RESL
1548
1553
1560
1 567
157 9
1589
1 592

vsc
255.93
258.15
260.86
264 . 09
269 .31
273.73
275-24

TBULK
76.7
77.o
77.4
77.8
78.4
79 -O
79 -2

TWALL
90.9
93-4
95. 1

96. O
96 .9
97 -3
97 .4

PRL
64.4
6s.9
67.2

TWÀLL
84.7
47.9
89.8
91 .1
92 .5
93.3
93.6

NUTP
81 .2
70.5
65 -2
63.5
62 .7
63. s
63.6

NUTP
132 .5
100. 1

89.6
44.7
81.6
80.7
80.6

2
4
7

11
16
21
22

o
5
5
o
5
o
5

o
E
E

o
5
o
5

z
2-
4.
7.

11.
16.

43. O
24.O
15.O
12.O
10.o
12.O
12 -O

o
o
o
o
o
o
o

TEST

ML=

PDF:

I NLET
OUlrLET
MEÀN

s7 .17 FLOW PÀTTERN : ANNULAR_MI ST

MG=143-72 QFLUX= 2c 39 NUTP= 89.O HTP= 157 PDT= 2-515

2.449 ALFÀ=O.935 wE= 71-05 TouT(MEÀs)= 78.2, 80.5
RESL RESG

1 531 107544.O
1 565 107240 -7
1 548 1 07392 - 6

P PRG
o.709
o.709
o.709

24
22
23

6
o
3

RESL
1536

43
52
61
77
89
93

vsc
282.1 0
285.38
289 - 42
294 - 26
302. 18
308.97
31 1 .29

TBULK HTP
23476.O

76-4
76.9
77 .4
7A .3
79.O
79.3

15
15
15
15
15
15

176.
1 58.
149 .
144 .
142 .
142 .

21 .
22.



FLOW PATTERN:BUBBLE

O-17 QFLUX= 22gg NUTP= 79.O HTP: 139

o -276 ÀLFÀ=o. o88 !'IE= 500 - 10 Tour (ve¡s ) = 68 ' O 
',

450

PDT= 1.183

6A-2

TE,ST

ML=

PDF=

1 NLET
OUTLET
MEAN

I NLET
OUTLET
MEAN

NO: S8.1

1 439 MG=

TMIX RESL
66.8 3683
67 -8 3726
67 -3 3705

PRL
75 -8
74.7
75 -3

TBULK TWÀLL
66.
67-
67.
67.
67.

PRL
76-O
74.9
75.5

P
o.7
o-7
o -7

P
1 6.8
15.6
16-2

RESG
129-O
1 28.8
12A .9

BO
78
77
78
78
78

1

2
I
2
4
5
7

RG

NUTP
85.

VSL
6. O48
6.034
6.O34

VSL
6. O48
6. O34
6.O34

TP
1.o
2.O
8.O
7.o
8.O
B.O
8.O

vsG
o
o
o

1

1
1

o.710
o.710
o.710

1

o
o

1

1

1

o-47
o.5'l
o.49

RESL
3688
3694
37 02
37 11
3'7 25
37 36
37 40

VSG
-48

TEST NO: 58.2

ML= 1439 MG= O.58 QFLUX=

PDF= O.297 ALFÀ=O-232 wE=

RESL

F'LOW PATTERN: BUBBLE

2336 NUTP= A2.2 HTP= 145 PDT= 'l '061
4gg-gO TOUT(¡aees)= 67-7, 67'9

H
15
14
13
13
13
13
13

I
4

I
1

6
4

89.6
83.6
82 .1
81.4
80.9
81"6
81.4

81"4
a2.6
83.1
43.4
83.8
83.9
84 .1

K
7
I
o)
5
7
I

ULTB

4.
7.

11.
16.

4
4
5
1

o
9
1

)
4
?

11
16
21

2
4
7

11
16
2'l
22

o
5
5
o
5
o
5

o
5
5
o
5
o
5

o
o
o
o
o
o
o

4B
49
49
50
51
51

68
6B

9
o
2
4
7
o
1

a2
B3
B3
B4
84
84
84

TMI X
66 .6
67 -5
67 -1

367 3
37 17
3695

RESG
441 .8 1

441 -1 1

441 -5 1

P PRG VSG
1 .64
1.75
1 .69

6.7
5.6
6-2

RESL
3678
3 684
3691
3700
37 13
37 24
37 2A

vsG
1 .65
1 .66
1 .6'7
1-69
1.71
1.74
1-74

66.
66.
6'Ì -
67.
6'7.
67-
67-

TWÀLL

TWALL
80.7
B1-7
82.3
a2.6
82 .8
83.O
83.1

NUTP

NUTP
93-
88.
86.
86.

HTP
158.
47.
45.
43.
42-

1

1

1

1

1

1

o
o
o
o
o
o
o21 -

22.
44.
43-

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: S8.3

1 439 MG=

FLOW PÀTTERN :BUBBLE_SLUG

o.95 QF.LUX= 252-7 NUTP= a7 -5 HTP= 154 PDT= 1' 143

o.45g ÀLFÀ= o.312 wE= 4gg -20 Tour(t"fses)= 66'7 ', 67 'O

TMIX RESL
65.2 3614
66.3 3661
65.8 3637

RESL
20
2A
37
48
65
79
84

RESG
720 -5
'7 19.4
719-9

PRL P
77 .2 0.7
75.8 0.7
76.5 0 -7

P
16 .7
15.6
16-2

RG vsL
6. O48
6. O34
6.033

vsG
2 .65
2 .45
2.75

z vsG
2-67

.69

TBULK
65.4

HTP
165. O

6.O
2.O
2.O
3.O
5.o
5.o

o
5
5
o
5
o
5

5
I
o
4
7
I

65
65
66
66
66
66

71
74
79
83
84

2
2
2
2
2
2

36
36
36
36
36
36
36

87.
87.
88.

't5
15
15
15
15
15



TEST

ML=

PDF=

I NLET
OUTLET
MEAN

NO: 58.4
1 439 MG=

FLOW PÀTTERN : BUBBLE-SLUG

1 .36 QFr-Ux= 2523 NUTP=I08.2 HTP= 191

O.606 ÀLFA=O.375 wE,= 499.4O ToUT(MEÀS)= 67 -O,

45r

PDT= 1.228

6'7 .2
vsG
3.76
4. o6
3.91

VSL
6. O4B
6. O34
6.O33

vsL
6. O48
6. O34
6.O33

NO: S8.5
1 439 MG= 1 .93 QFLUX=

O-716 ÀLFÀ=O.438 h7E=

TMIX RESL
66.2 3657
67 -4 3709
66. A 3683

TMIX RESL
65.7 3634
66.7 3680
6'6'.2 3657

RESL
3639
3646
3654
3663
367 I
3690
3694

RESL
3663
367 1

368O
3690
37 07
37 20
37 25

RESL
3647
36s5
3 666
367 A
3697
37 13
37 18

2792 NUTP=1 1 9. O HTP=

499.8O ToUT(MEÀs)=

PRL
76.A O.711
75.6 0.710
76.2 0.710

P
17.O
15 .7
16.3

RESG
1033-O
1032-O
1032. B

1

1
1

1

1

1

PRG

z)
4.
7-

11.
16.

o
5
5
o
5
o
5

o
5
5
o
5
o
5

o
5
5
o
5
o
5

2

3
3
3
4
4

VSG
3 -78

VSG
5-32

VSG
'7 -69

TE}ULK
6s.8
6s.9
66. 1

66.3
66-7
66-9
67 -O

TWALL
7B -5
79-1
79-4
79.4
79.9
80. 1

BO.2

TWÀLL
79.2

PRL
76-6
75.1't5.9

TWÀLL
79 .7

NUTP
112.
o8.
o7.
o6.

NUTP
124 -

HTP
1 98.

HTP
216.O
210.o
208. O
208.O
209.o
211 .O
211.O

HTP
227.
220.

B1
B5
89
97
o2
o5

92
90
88
90
92
91

6
I
7
5
o
o
5

o
o
o
o
o
o
o

o8
o9
o8

TEST

ML=

PDF=

I NLET
OUTLTT
MEAN

21 -
22-

21 .
22.

FLOV] PATTERN : BUBBLE-SLUG

21O PDT= 1 -275

RESG
1463.O 1

1461 .? 1

1462-4 1

o.710
o.710
0.710

3
o
6

76
75
75

7.1
5.8
6-5

PRGPRLP

NUT

6'7 .6, 67 -9
vsL

6. O48
6. O34
6. O34

vsG
5 .29
5.72
5-51

vsG
7 .64
8 .29
7 .97

LKTBU
66
66
66

z
2-
4.
7.

'1 1.
16.

5 .37
5 .42
5.48
5.59
5 .67
5.70

66.
67-
67.
67-

4
5
7
9
3
6
7

122.
119.
117.
118.
1-r8.
119.
119.

79.8
80. 1

80.3
80.6
80.8
81 . O

P
I
1

9
2
7
7
4

6
o
6
5
5
6
I

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: S8.6
1439 MG= 2.84 9FLUX=

O.8 62 ÀLFÀ=O.5O3 wE=

TMIX RESL
65. A 3640
67 .1 3698
66. s 3669

FLOW PATTERN : SLUG-CHURN

3131 NUTP=124.9 HTP= 22O PDT= 1.357

499.60 Tour(MEÀs ) = 67 -4 , 67 -9

RESG
2154.O 1

2149.9 1

21 51 .9 'l

P PRG
o.711
o.710
0.710

7 -4
6.0
6-7

z
2-
4.
7.

11.
16"

7.76
7.84
7.94
8. O9
a.23
8.27

TBULK
65-O
66 .2
66-4
66-7
67 -1
67 -5
67 .6

80.3
ao.9
81.0
81 .2
81.5
81.6

216.
218 .
221 .
223.
224 "

125
122
123
125't26
126

o
o
o
o
o
o
o21 .

22.



452

F.LOW PÀTTERN : CHURN-ÀNNULAR

4.23 QFLUX= 3366 NUTP=131 -8 HTP= 232 PDT= 1 -468
TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: 58.7
1 439 MG=

1.o35 ÀLFÀ=o.566 wE= 499-6c TOUT(MEAS)= 67 -5' 67 -A

TMI X
65 -7
67 -'l
66-4

RESL
3634
3696
3 665

RESL
3641
3651
3662
367 5
3695
37 12
37 17

TMIX RESL
65.8 3640
67.4 3704
66.6 3674

RESL
3648

58
70
83
o5
23
29

RESG
3209. O
3202 .5
3205 .9

PRL
76-A
75.1
75-9

PRG
o-711
o.710
o.710

vsL
6. O48
6. O34
6.O33

\/SL
6. O4B
6. O34
6. O34

VSL
6. O48
6.O35
6. O34

vsG
11.10
12.10
11-61

vsG
22.76
25.39
24.08

P
17 .8
16.4
17 -1

z
2-
4.
7.

1.1 .
16.

134 .
BO.

s8-8 F.LOW PÀTTERN: ÀNNULÀR

MG= 6.64 QFLux= 3671 NUTP=141.8 HTP= 25O PDT= 1 '736

1 . 367 ALF.À=O.630 wE= 499 -7 0 TOUT(MEÀs ) = 67 '7, 68 ' 1

o
5
5
o
5
o
5

vsG
11.18
11 .28
1 1 .40
1 1 .55
'l 1 .79
12. OO
12-07

TBULK
65.9
66. 1

66 .3
66 .6
6'7 -1
67 .4
67 .6

TWALL
80. o

PRL
76-6
74-9
75.8
TWÀLL

80.5

PRL
75 .9
74.1
75.O

TWALL
81 .1
81.8
82.1
82 .4
82 .6
82.8
83. O

NUTP

NUTP

NUTP
152 -2
147 .7
147 .3
147 .5
149 .6
152.1
152.O

HTP
237 -

HTP
252-O
246. O
245. O

248 -O
252.O
256.O
256.O

Ê

o
2
5
'7

9

81 .1
81 .4
81 .6
81.8
82. O
a2-1

B
I
I
I
I

6
7
o
9
9
5
3

131
130
130
131-¡33
133

232
229
231
233
235
235

o
o
o
o
o
o
o

o
o
o
o
o
o
o

TE,ST

ML=

PDF.=

I NLET
OUTLET
MEAN

TEST

ML:
PDF=

I NLET
OUTLET
MEAN

21 -
22-

NO:

1 439

RESG
5042.o
5031.O
5036.7

PRG
o.711
o.710
o.710

P
18 .4
16-7
17 -5

3
3
3

vsG
16.92
18.70
17 -A2

36
36
36
37
37
37

2.O
4 -5
7.5

11.O
1 6.5
21 .O
22 .5

vsG

7 .46
7.72
8. 15
8.51
8.64

TBULK
142.8
139.8
139.1
140,6
142 .9
145.1
145.3

66. O

66.2
66. s
66. B
67 .3
67 .7
67 -8

7.06
7 -24

1

1

1

1

1

1

1

No: S8.9
-l 439 MG=

F.LOW PÀTTERN: ANNULÀR

NUTP=149.2 HTP= 263 PDT: 1.9979 - 37 QF¡-ux= 3A29

1-670 ÀLFA=O.571 wE= 5OO.30 ToUT(¡lees)= 68'5' 69'O

TMI X
66 .7
68. 3
67 .5

RESL RESG
7105.o
7 088 .7
7097.O

P PRG
o-710
o.710
o-710

367 I
3750
371 4

19
17
18

264

z
2.O
4.5
7-5

11.O
16.5
21 .O
22 .5

RESL
3686
3696
3708
3722
37 44
37 62
37 68

vsG
22 .96
23 .23
23.55
23.94
24 - 5't
25 .11
25-30

TBULK
66.9
67 -1
67 -4
67.7
68. 1

68 .6
68 .7

HTP
264.
260 -
260 -260.
264 -
264.



TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: sB. 1 O

1439 MG= 1 3.1 3 QFLUX=

1 .849 ALFÀ=O.7OB wE=

TMIX RESL
67 -O 3691
68.6 3'765
67.8 3728

453

FLOW PÀTTtrRN:ANNULÀR

3990 NUTP=1 52.5 HTP= 269 PDT= 2 - 1 41

500.50 Tour(vaes)= 68.6, 69-3

RESG
9952. O
9924 - 5
9940 -'7

PRL
75 .6
74.O
74-B

TBULK TWÀLL

P
20 .2
18. 1

19.1

)
4-
7.

1.¡.
16.

67-

s8.11 F-LO!.T PÀI|TERN : ANNULÀR

MG= 1 8.23 OFLUX= 431 5 NUTP=1 59 ' 6 HTP= 282 PDT= 2 '277

2.017 ÀLF.À=O.739 we= 499-60 TOUT(MEAS)= 67 '3' 68'2

o
5
5
o
5
o
5

RESL
3698
3704
37 20
37 33
3755
3772
3778

TMIX RESL
65.7 3634
67.5 3714
66.6 367 4

RESG
13445.O
1 38O8.9
1 3A27 .2

VSG
30.82
31.19
31 .63
32 .16
33.O3
33.78
34-O4

67
67
67
68
68
68

1

4
6
9

B
9

81.3
a2-o
a2 .6
a2 -9
83.4
83.4
83.4

PRG
o.710
0.710
0.710

vsL
6. O48
6. O35
6. O34

vsL
6 - O48
6.O34
6.O33

vsL
6. O48
6. O34
6. O34

VSG
30.54
34.17
32 .36

\,'SG
40.31
45.17
42-75

NUTP
159. O
153.9
150. B
150.9
150.9
't 54 .6
155 -7

HTP
2BO. O

27 1.O
266. O

266-O
266-O
273.O
275-O

HTP
295.O
285.O
280.0
278-O
279 -O
284.O
2A4.O

HTP
321 .
313.
306.
303.
302 -
307 .

TEST

ML=

PDF=

21 .
)2

NO:

1 439

NO:

1 439

I NLET
OUTLET
MEÀN

P
21 .2
18.9
20 .1

PRL
76.8
75.o
75 -9

PRG
o.711
o.710
0.710

167.2
161.6
158.9
157 .4
158 - O
150.9
161 .1

6s.9
66. 1

66 .4
66 -7
67 -1
67 .5
67 .7

2.O
4-5
7.5

11.O
16.5
2't.O
22.5

RESL
3642
3652
3663
367 7
3699
37 16
3722

TMIX RESL
6s.8 3640
67.8 3729
66 - 8 3685

RESL
3 648
3 559
3672
3686
37-lo
3729
37 36

RESG
1 9066. O

19010.2
1 9038.4

VSG
40 .69
41.17
41.76
42 .48
43 .65
44-65
45.OO

vsG
53.58
34 -28
55. 15
56. 1 9
57.91
59. 39
s9-90

TBULK TWÀLL
80.5
81 .2
81 .7
a2 .2
a2 .6
82 -7
82.8

PRL
76.6
74-B
75.7

NUTP

NUTP'r82.O
177.1't73.6
172-O
17't .4
173.9
174.1

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

s8. 12

MG= 25.1 1 QFLUX= 4865

FLOW PATTERN:ÀNNULAR

NUTP=173.8 HTP= 3O7 PDT= 2.628

2.396 ÀLFÀ=O .7 68 wE= 499 .AO ToUT (r"re¡s ) = 67 ' 6 ' 68 ' 5

22
19
20

P
.2
.6
-9

PRG
o.711
o.710
o.710

vsG
53. O3
60. 16
56.60

L

2.O
4.5
7.5

11.o
16.5
21 -O
22 .5

TBULK TWÀLL

307 .

81.1
81 .8
82.4
a2 .9
83.5
83 -7
83.8

66-O
66 .2
66. s
66 .9
67 .4
67 .8
68. O

o
o
o
o
o
o
o



No: S8.13
1439 MG= 37-A6 9FLux=
3. 096 ÀLF.À=O.8OO wE=

454

FLOW PÀTTERN:ÀNNULÀR

5193 NUTP-182-5 HTP= 322 PDT= 3.295

50'r.10 Tour(MEAS)= 69.7, 70.4

TEST

ML=

PDF:

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

TMI X
67 -9
70. o
68-9

TMI X
68.O
70-1
69.O

TMI X
70 -3
72.6
71-4

RESL
37 31
3A28
3779

RESG
286s6. O

28566 - 6
2851 1 .5

PRL PRG VSL
6. O48
6.O35
6. O35

vsL
6. O48
6. O36
6. O35

VSL
6. O48
6.O38
6.O37

vsG
74.74
a6 .67
80 .67

P
z3.a
20.5
22 .2

I O.710
o o.710
9 0-710

74-
73.
73-

z
2-O
4-5
7.5

11.O
16.s
21.O
22-5

o
5
5
o
5
o
5

z
2.O
4.5
7.5

11.o
16.5
21 .O
22 .5

RESL
37 40
3750
37 63
3778
3BO2
3822
3a28

VSG
75.64
76 -79
7A.22
79.96
82 .84
a5.36
86 -23

TBULK

68.
69-
69.
70 -

TWALL
83.3

PRL
74.7
72 -6
73-7

TWÀLL

PRL
72.7
70.2
71 .5

T9ÙÀLL
85.7
87. O
88. 1

89. 1

90.5
91 .4
91 .8

6B
6B
6B

1

3
6
9
4
9
o

NUTP
192.4
185.5
182.5
181.O
180.1
182 .2
180.7

84. 1

84.7
85.2
8s.e
86.O
86.3

9
7
1

7
8
7
I

HTP
339.O
32-t - O

322. O

319.O
318.O
321.O
319-O

I NLET
OUTLET
MEÀN

NO:

1 439

21 -
22-

NO:

1 439

RESL
37 36
3832
37 84

RESG
42931.O
42798.4
42865.1

s8-14 rrLOW PÀTTERN:ÀNNULÀR

MG= 56-73 QF'LUX: 5193 NUTP=187.3 HTP= 331 PDT= 3'7OO

3.523 ÀLFA=O.823 we: 501-30 TOUT(MEAS)= 70-4, 70'7

z)
4-
7.

11.
16.

83.

s8.15 FLOW PÀTTERN:ANNULÀR

MG: e^1-76 QFLUX= 5762 NUTP=189.6 HTP= 335 PDT= 3'979

3.A21 ALFÀ=o.843 wE= 5O3.1O TC)UT(VgaS)= 73.9, 73.'l

RESL
37 46
37 59
3774
37 91
3B 19
344 1

3849

vsc
99.07

100. s7

TBULK
6A .2
68. s
68.B
69-2
69.8
70.3
70-5

PRG
o.710
o.710
o.710

PRG
o.710
o
o

7

P
27 .3
23 .6
25.4

83
B4
e4
85
86
86

102-41
104.65
108.37
1 1 1 .60
112.-72

7

P
31.3
27 .3
29 .3

194
188
181
179
177

9
3
B
6
2
4

o
a
5
9
a

5

HTP
351.O
339. O

330. o
331.O
325. O
326.O
324-O

NUTP
98 -7
92.1
a6 .9
87 .6
84-O
84.9
83.4

vsc
97 -91

113.29
-1 05-56

vsG
128.O2
1 46 .91
1 37 .44

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

RESL
384 1

3947
3894

RESG
63924 . O

63707.6
638 1 s.9

o
o

1

1

RESL
38s3
38 69
3888
3911
3946
397 5
3985

vsG
1 29 .46
131.31
133. s9
136.34
140.90
144.85
1 46 .22

TBULK
70 .6

NUTP HTP
379. O
358-O
343. O

333.O
321 -O
317-O
314.O

214 .
202 -70.

71.
71
72
73
73



NO: SB.'l 6

1 439 MG=1 17 .? 4 OFLUX=

4-443 ÀLFÀ=O.858 wE=

455

F.LOW PÀTTERN:ANNULÀR

6256 NUTP=177.4 HTP= 313 PDT= 4.586

503-60 TOUT(¡aeas)= -74.4' 73.9

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF'=

TMI X
70.9
7 3.4
72-1

TMI X
70.3
72.8
71 .5

RESL
3869
3944
3926

RESG
8A720 -o
88398.8
88559 - 5

PRL
72.2
69 -7
71.O
TWÀLL

87 -7
a9 .2
90. 9
92.5
94 .7
96 .2
96 .7

TWÀLL
89.
93.
9s-
99.

101 .
103 -

PRG
o-710
0.709
o.710

VSL
6. O4B
6. O3B
6.O37

\/SG
1 57.48-r81.21
169.30

P
4
I
1

35
30
33

RESL
3BB2
38 98
391 7
3940
397 5
4005
4014

RESL
3857
3A7 6
3899
3926
3968
4003
401 4

VSG
1s9.24

1 .59
4 .45
7 .92
3.6s
a .62
o.34

RESL RESG
3842 108278 -O
3954 1 07894.8
3B9B 1 08046.8

TBULK NUTP

NUTP

HTP
378.0
352-O
329.O
311.0
291 .O
2BO. O
277.o

HTP
330.0
279.O
260.O
228.O
217 -O
208.0
205.0

a

4
7

11
16
21)')

¿.
4.
7.

11.
16.

16
16
16
17
17
18

o
5
5
o
5
o
5

71-
71-
72-

2
3
o
4
2
9
1

72
73
73
74

214 .3
199-6
186.6
176.5
165. O
158.9
1s6.9

I NLET
OUTLET
MtrAN

NO:

1 439

21 -
22.

P
36.4
32.4
34 .4

PRG
0.710
o -709c-710

VSL
6. O48
6.O38
6.O37

vsG
186.16
210.10
198.16

s8.17 F.LOW PÀTTERN : ÀNNULÀR

MG=1 43.57 gFLUx= 6176 NUTP=136'O HTP= 24O PDT= 4'O44

3.911 ÀLFA-0.869 wE= 503-40 TOUT(¡aees)= 74'4,74'O

PRL
72 -7
69 -7
71 -2

104

71.1
71-6'72-1
73-1
73-8
74-1

o
5
5
o
5
o
5

vsc
188 . O 1

1 90.38
193.30
196.81
202 .58
207.54
209.24

TBULK
70.6 2

'1

2
2
5
5
3

187. 3
158 - 3
147.7
129 .4
123-1
118"1
116.1



456

FLOW PÀTTERN3BUBBLE

O.19 QFLUX= 3O8O NuTP=162.8 HTP= 287 PDT= 2'165
TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: S9.1

3O58 MG=

1.2'l 7 ÀLFA=o.046 wE= 2277 -OO TOUT(Vees): 74'1' 74'1

TMIX
73-3
73.9
73.6

RESL
8453
a513
8483

RESL
84 60
84 69
a47 9
8491
8511
a526
8531

TMI}( RESL
72.4 8371
73 -2 8445
72 -A 8408

RESL
837 9
8390
8402
841 7
e440
84 59
8465

TMI X
71.9
72.6
72.3

RESL
8315
8391
8353

RESL
8323
8335
8348
8364
I 388
8408
841 5

s9.3
MG= O - 59 QFLUX= 3997

TBULK
72.5

TWÀLL

PRL
71.5
70.7
-7 1.1

TBULK TWALL

P
18 -7
16-5
17.6

RESG
140-4
140.3
140.3

PRL
70-4
69.8
70. 1

TV.TALL

PRL
71-1
70.3
70.7

85.

PRG
o.710
o.709
o.709

vsL
12.850
12.830
12.829

vsG
o.48
0.54
o.51

z
2.
4.
7-

11.
16.

o
5
5
o
E

o
5

vsG
o.48
o.49
o.49
o. so
o. s2
o. s3
o.53

vsG
1.O2

\'SG
1 .40
1 .42
1 .44
1 .47
1 .51
1 .55
1 . s6

TBULK
73.4
73-4

P
7 19.6
4 17 -4
5 18.5

NUTP HTP
290.o
287.O
285.O
285.O
287.o
291.O
290. o

7 3.5-73.7
73.9
74.O
74-1

84.

FLOW PÀTTERN:BUBBLE

NUTP=161.9 HTP= 286 PDT= 2'230

o
1

3
5
6
6
7

84
84
84
84
84
84

164 .3
162.8
161.5
161 .6
162 .6
165 -2
164 -721 .

22-

TEST

ML=

PDF=

NO:

3058

NO:

3058

s9 -2
MG= O.42 QFLUX= 3838

1 -326 ÀLFÀ=O-O9O wE= 2274.OO 'roUT(MeaS)= 73'4' 73'5

RESG
312 -
312 .
312 -

PRG
0.710
o-710
o.710

vsGLvs
I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

164 .5
162-3
159.6
160.8
162-1
163.9
163.7

85.7
86. O

86.4
86.4
86.6
86.6
a6 -7

72.6
'72 .4
72.9
73-1
73.3
73.4

1 . 03
1 . 04
1 . 06
1 . 09
1 .12
1.13

z
2.O
4.5
7 -5

11.0
16.5
21 .O
22-5

NUTP

NUTP
168.6

7.O
5.8
7.O
8-2
9.8
8-7

H1rP
290-O
2A6. O
282-O
284.O
2A6. O

289.O
289.O

1 . 01
1.13
1.07

12.850
12.A29
1 2 .828

12
12
12

E.LOW PÀTTERN: BUBBLE

NUTP=167-7 HTP= 296 PDT= 2'254

1.g7a ÀLFA=o.118 wE= 2273-OO ToUT(Me¡s)= 72'9' 73'O

I NLET
OUTLET
MEÀN

RESG
440 .6
440.1
440 .4

o
7
I

9
1

2
4
6
I
9

20
17
18

72.
72-
-72 -
72.

PRG
o.710
o.710
o.710

P

16
16
16
16
16
16

\/SL
.8sO
.828
.827

vsG
1 .39
1 .56
1 - 48

85
85
85
86
86
86

L
2.O
4.5
7.5

11.0
16.5
21 .O
22-5

71.
72-
72-

4
6
9
9
1

2
3

HTP
29-t . o
295.O
292.O
295-O
297.O
300. o
29A.O



TEST NO: 59.4

ML= 3058 MG= O.aB 9FLUX=

PDF= 1 .463 ÀLFÀ=O - 1 64 wE=

TMIX RESL

ourLET 72.6 8388

457

FLOW PÀTTERN : BUBBLE-FROTH

4030 NUTP=167.9 HTP= 296 PDT= 2-294

2273.OO TOUT(MEÀS)= 72-9, 73.O

P
9
7
I

9
6
I

TEST NO: 59.5

ItáL= 3058 MG= 1-28 9FLux=

PDF: 1 .583 ÀLFÀ=o.21 3 wE-

169.

F.LO9¡ PÀTTERN : BUBBLE-F.ROTH

4328 NUTP=170.5 HTP= 301 PDT= 2.365

2273.OO TOUT(¡ae¡S)= 73.1, 73-2

z
2-
4-
7.

11-
16.

o
5
5
o
5
o
5

RESL
8320
8331
8346
8362
8389
8410
84't 7

RESL
a337

vsG
2.11
2-14
2.'t7
2 .21
2 .24
2 .33
2.35

vsG
3. O3

TBULK
7't .9
72 -O
72.2't2 .4
72.6
72.8
7?.9

TBULK
72.1'/2.2
72-4
72-5
72 -8
73.O
73-1

NUTP HTP
299.

RESG
661.2 1

650. s 1

660-9 1

PRL
71.6
70.7
71-1

TWÀLL

PRL
71 .4
70.5
-7 1-O

PRG
o.710
o-710
o-710

vsL
12.850
12.828
1 2 .827

vsG
2.09
2-36
2.23

VSG
3. OO
3.39
3 .20

VSG
4 .44
5. O3
4-74

295
294
295
297
299
299

4
5
4
2
4
4
4

16'7
166
167
168
169
169

85.4
85 .7
85.9
86.O
a6 -2
96.3
86.4

o
o
o
o
o
o
o

I NLET
OUTLET
MEÀN

TEST

ML=

PDF:

21 -
22-

NO:

30 58

TMI X
72-O
72 -9
72.4

RESL
a32A

RESG
962.7
961 .5
962-1

PRG
o.710
o.710
0.710

VSL
12.850
12.A28
12.A24

P
20.2
17 -9
19.O

841 1

a369

3. O7
3.12
3-17
3 -27
3.35
3 - 38

297

171.8
1 69. 1

167 .5
166.7
167 .6
168 .9
168.4

84
84
84
B4
84
84

z
2.O
4 -5
7 -5

11.o
16.5
21 .o
22 .5

TWÀLL

PRL
71.o
70.1
70.5
TWÀLL

86.9
87 .3
87 -6
87.8'88. 

O

88.1
88.2

NUTP HTP
306. O

301 . O
300. o
29A.O
30-r . o
303. O
302. O

PDT= 2 -451
73-8

83
B3
83
84

z
2.O
4.5
7.5

11.o
16.5
21 .O
22.5

49
64
81
o7

173.3
170.8
169.9
168.8
170.9
171.8
1'7 1.1

a6.2
86.6
86.8
87 .1
87 .2
a7 .3
87 -4

FLOW PÀTTERN : BUBBLE_FROTH

1.92 QFLUX= 4330 NUTP=168.1 HTP= 297

1.731 ÀLFA=o.276 we= 2275.OO TOUT(veeS)= 73-6,

8429
8437

s9.6
MG=

TMIX RESL
72.6 8344
73.4 8467
73. O 8426

RESL
8393

os
20
36
62
84
91

RESG
1445. O
1 444 .1
1445.o

P PRG
o.710
o.709
o.710

vsL
12.850
1 2 .829
1 2 .828

I NLET
OUTLET
MEÀN

20
18
19

6
1

3

\'SG
4 .49
4.55
4 .62
4.74
4.45
4 -97
5.O1

lBULK
72.7
72.8
72.9
73.1
73.4
73.6
73.7

NUTP HTP
303.
29e.
296.
294 .
296.
294.

o
o
o
o
o
o
o



TEST

ML=

PDF =

I NLET
OUTLET
MEAN

NO: S9.7

3058 MG= 2.74 QFLUx=

1 .9O2 ÀLFÀ=0.334 e'lE=

TMIX RESL
72.8 840 1

73.6 8485
73 -2 8443

458

F.LO9 PÀTTERN:FROTH

4330 NUTP=169.0 HTP= 29A PDT= 2.563

2276.OO TOUT(ve¡S)= 73-9, 73.9

RGPRESG
2058 - O

205s.9
2057 .1

PRL
70.8
69-9
70.4

TWÀLL
87. O
87 .4
a7 .6
8't .9
88-2
88.2
88.4

PRL
70.7
69 .7
70-2

TWÀLL
g7 .1
87.5
a7.8
88. O

aa.2
BB.4
88.5

PRL
70.7
69 -7
70-2

vsL
12.850
1 2 .829
12-829

\¡SG
6 .21
7.06
6 - 63

P
20 -9
18-4
19-7

22
19
20

.710

.7 09
-710

o
0
o

2.
4.
7-

16.
21 -
22.

173-7
170 -2
168.8-168. 

O
168. O
1 69.6
168-6

TBULK
72.9
'73.O
73.1
73.3
73.6
73.8
73-9

o
5
5
o
E

o
5

RESL
841 1

8423
8438
8455
8481
8so3
8511

TMIX RESL
72.9 8419
73.8 8509
73.4 8464

RESL
8430
8443
84 59
847 I
8so8
8s33
8541

TMI X
72.9
73.9
73.4

RE
841 9
8509
8464

RESL
8430
8444
8460
847 9
8510
8535
Bs43

vsG
6 .27
6-36
6.46
6. 58
6.79
6 -977.03

vsG
9.05
9.18
9 .33
9 .52
9 .44

10.11
10.20

NUTP

\¡SL
12 - 850
12.830
12 -A29

HTP
306. o
300. o
298. O

296.O
296. O

299.O
297.O

PDT= 2.852
74.3

vsG
8.95

10.25
9.60

11.

TEST

ML=

PDF:

NO:

3058

NO:

3058

s9.8 FLOW PÀTTERN¡FROTH

MG= 4.17 OFLUX= 4671 NUTP=184'O HTP- 325

2.257 ÀLFA=O.4O1 wE= 2276-OO ToUT(MEÀS)= 74'2,

SGRE P
.1
.3
.7

P
23-2
20 .1
21 -7

PRG
o.710
o-709
0.710

I NLET
OUTLET
MEAN

TEST

ML=

PDF=

3132-O
3128.5
3130.6

z
2.O
4.5
7 -5

11.O
16.5
21 .O
22-5

TBULK
73.O

NUTP

vsL
12.850
12.830
12.A29

HTP
33'l"O
326. O

323. O

323.O
324.O
326-O
326. O

PDT= 3. O64

74.3
vsG

12 .86
14.79
13 .82

73.2
73.3
73.5
73.8
74.1
74.2

73-
73-
73-
73.

187.6
184.5
182 .9
1A2 .4
183.7
184.9
185.1

s9.9 FLOt^7 PÀÎ|TERN : FROTH-ÀNNULAR

MG= 6.28 QFLUX= 4670 NUTP=188'3 HTP= 332

2.534 ÀLFÀ=O.467 hIE= 2276.OO ToUT(MEÀS)= '74'1,

SL RESG
4721 -O
4'7 15-4
47 18.6

PRG
o.710
o.709
o.710

I NLET
OUTLET
MEÀN

333
331
330
331
334
33s

I
I
3
1

5
6
9

188
187
187
187
189
189

2
4
5
9
1

2

2-O
4.5
'7 .5

11.o
16.5
2't.O
22-5

vsG
13.O1
13 .20
13.43
13.71
14.17
14 . 58
14.72

TBULK
73-O

TWALL
86.8
81 .2
87.5
87.7
88. O

88. 1

88.1

NUTP
192 .

HTP
340. o

o
o
o
o
o
o

74.
74.



459

s9. 10 FLOW PÀTTERN:FROTH_ÀNNULÀR

MG= B.90 QFr-UX= 4881 NUTP=1 92.7 HTP= 340 PDT= 3'312

2.A32 ÀLFÀ-O.518 }JE= 2277 -OO Tour(uE¡s)= 74.3, 74.6

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

NO:

3058

NO:

3058

NO:

30sa

TMI X'73.1
74.o
73.5

RTSL
8432
as26
a479

RESL
8444
84 58
847 5
8496
8528
8554
8562

TMIX RESL
74.1 a532'75.1 8630
74.6 8581

RESL
8543
I s58
857 5
8s9s
a626
a652
866 1

TMI X
74.9
75.9
75.4

RESL
8615
87 16
a666

RESL
a62A
8644
8664
86A6
8722
87 51
87 61

RESG
6686. O

6676-A
6681.4

9801.O
9787 - 1

9794.1

P
24-5
21 .2
22 -9

PRL
70.6
69.5
70-1

PRG
o.710
o.709
o.709

VSL
12.850
12.830
12.A29

vsG
17 .23
19 -87
18.54

VSG
23.23
27.07
25.13

\/SG
29.98
3s.23
32. s8

z
2.O
4.5
7.5

11.O
16.5
21 -O22-5

SG
.43
.68
. oo
.39
.o2
.58
-77

v
7
7
I
I
9
9
9

TBULK TWÀLL
87 -2
87 .6
88. O

a8.2
88 - 4
88.5
88.6

PRL

NUTP
197 .2

HTP
3481

1

1

1

1

1
1

2
3
5
7
o
3
4

73.
73.
73-
73-
74.
74.
74.

341 .
337 .
337 .
339.
344.
344.

193. 1

190.'t
191 .1't92-4
195. 1

194 -9

o
o
o
o
o
o
o

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

s9. 1 1 FLOW PÀTTERN : FROTH-ÀNNULÀR

MG= 13.07 QF¡.ux= 5O41 NUTP=209.7 HTP= 37O

3 -43 1 ÀLFÀ-O.568 wE= 228O. OO

RESG P

TouT(MEÀS)= 75.3,
PDT= 3.861

75.6

69
68
69

26 -A
22 .9
24 .9

I
I
3

PRG
o.709
o.709
0.709

VSL
12.850
12.A32
12.831

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

VSG
23.51
23.88
24 .34
24.90
2s.83
26-64
26 -92

TBULK
74.2
74-3
74-5
74.7
75.O
75.3
7 5.4

P
o 28.9
5 24.5
6 26.7

TWALL
87.5
88. O
88.3
88.4
88.6
88.8
88.9

PRL
69. 1

68. O
68.6

NUTP
214.O
209.3
207 -4
20a .3
210.3
211.8
210 .9

HTP
378. O

369. O

366. O

368. O

371.O
374.O
372.O

s9. 1 2 FLOW PÀTTERN:ÀNNULÀR

MG= 18-17 QFLIJX= 5206 NUTP=215.8 HTP= 381 PDT= 4'37O

3.98o ÀLFÀ-O-608 wE= 22A3.OO Tour(MEÀs)= 76-3, 76.5
SGRE PRG

o -709o.709
o.709

Lvs
I NLET
OUTLET
MTÀN

13611 .
13591 .
13601 .

12.850
1 2 .833
1 2 .832

z
2.O
4.5
7.5

11.O
16.s
21 .O
22 .5

vsG
30.37
30.87
31.50
32 .26
33.53
34.65
35.O3

TBULK
75.1
75-2
7 5.4
75.6
76.O
'7 6.3
76-4

ThlÀLL
88.4
88.8
a9-2
89.4
89 -7
89.8
89.8

NUTP HTP
389. O

382. O

377.O
377.O
380.0
386. O

387. O

220 .3
216-2
2't 3 .6
213-9
215 .2
218.9
219-3



NO: S9.13
3058 MG= 25. OO QFr-ux=

4 .67 1 ÀLFA=O.639 wE=

460

FLOW PÀTTERNsÀNNULAR

5765 NUTP=229.1 HTP= 404 PDT= 5.030

22A3.OO TOUT(r"re¡S)= 76.4, 76.8

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TMI X
7s.o
7 6.1
75.6

RESL
a624
87 37
a680

RESG
18724.O
18693.7
18708.9

P
32-1
27 -1
29-6

P
43.8
36.3
40.o

PRL
69. O
67 .9
68. s
TWÀLL

89. 1
49.5
89.9
90.2
90 .4
90.5
90.7

PRL
70. o
68.8
69.4

PRG
o.709
o.709
o - 709

vsL
12.850
12.833
1 2 .832

VSG
37.11
43.88
40.45

vsG
49.A2
s9. so
54-58

vsG
72.29
86.9s
79.49

z
2.
4.
7.

11.
16.

75.

s9. 14 F.LOW PÀTTERN:ÀNNULÀR

MG=38.319[¡LUX=6184NUTP=244.3HTP=431PDT=6.o34
5.7't4 ÀLFÀ=O.680 wE= 228O.OO TOL'T(¡{eeS)= 75.1, 75-B

o
5
E

o
5
o
5

RESL
8638
865s

TMIX RESL
73.7 8496
74.9 8615
74.3 8555

RESL
8511
a529
8552
I 578
8619
8653
a664

RESL
8651
a7 82
87 17

RESL
8667
I 646
8710
87 37
8779
8815
aa26

RESG
28751.o
28'7 01 .5
28726.7

408

75
75
75
76
76't6

a67 6
8700
87 37
a7 6A
8779

I
2
6
1

9
'7

B

VSG
37.61
38.25
39.06
40.03
41 .68
43.12
43 .62

vsG
50.53
51.44
s2.59
53.98
s6.33
58.40
59.13

TBULK NUTP
234 .4
229 -7
226.7
226-5
229 .3
232.3
231.4

HTP
414 .
405.
400.
400.
405.
410-

1

3
5
I
1

5
6

o
o
o
o
o
o
o

o
o
o
o
o
o
o

21 -
22.

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

I NLET
OUTLET
MEÀN

NO:

30s8

P PRG
o.709
o.709
o.709

vsL
.8so
.432
.831

12
12
12

6
5
6

36
30
33

46.
42.
42-
43.
45.
45.

87 -9
88.3
88.7
89 - O

89.3
89.6
a9 -7

lPBULK
73 -9
74-1
74.3
74-5
75.O
75-3
7 5.4

z
2-O
4 -5
7 -5

11.o
16-5
21 .O
22-5

TWÀLL

PRL
68.8
67 -5
6A .2

TWÀLL
89. ?
90.1
90.6
91 . O

91 -4
91 -7
91.8

NUTP
249.

HTP
441.
435.
424.
427 -

2
2
2
2
2
2

430.
434.
434 -

TEST NO: 59. 1 5

ML= 3058 MG= 66.35 Qnr.ux=

PDF= 7 -213 ÀLFÀ=O -725 vtE=

FLOW PÀTTERN:ÀNNULÀR

6750 NUTP=259-4 HTP= 458 PDT= 7.48e

22A5-OO Tour(MEÀS)= 76.7, 77 -5

IX
3
6
9

TM
75.
76-
75.

RESG
49678.O
49585. O

4963',r.9

PRG
o.709
o.709
o.709

\/SL
12.850
1 2 .834
12.833

L
2.O
4.5
7.5

11-O
16.5
21 .O
22 -5

vsG
73.36
74.74
76.46
78.57
82.13
8s.28
86.38

TBULK
75.4
75.6
aE o

76.1
76.6'76.9
77.o

NUTP
268 .4
263.2
258 -7
257.7
257 .9
258.5
2s8.3

465.
457 .
455.
455.
456.
456.

HTP
474 o

o
o
o
o
o
o



NO: S1O.1

3958 MG= O - 07 QFLUX=

46r

FLOW PÀ'ITERNsBUBBLE

NUTP=204-5 HTP= 361 PDT= 2-9A9
TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TMI X
74.7
75-5
75.1

RESL
11120
1 1219
11 170

5061

RESG
52-1
52.O
52.1

PRL
69 .3
68.6
68.9
TWÀLL

88.8
88.9

vsL
1 6 .629
1 6.606
1 6.605

2.OO9 ÀLF.À=O. O13 wE= 3821 ' OO Tour(¡aeas ) = 75 '7 ' 75 ' 8

PRG
o.709
o.709
0.709

NUTP

20
17
19

P
.6
.6
.1

VSG
o.16
o. 19
0.17

o
o
o
o
o
o
o

VSG
0.16
o.17
o.17
o .17
o.18
o. 18
o.19

TBULK
74.8
74 -9
75. O
75.2
75.4
75.6
75 -7

HTP

205 -89

RESL
11131
11145
11162
11182
1 1213
11238
11246

o
5
E

o
5
o
5

z
2.
4.
7.

11.
16.

RESL
11467
11573
11520

89.
89.
89.
89.

PRL
67 .3
66.6
6-7.O

TBULK TI^TÀLL
91.
92.
92-
92-
92-
92-

1

3
4
5
6

3
5
7
I
o
1

2

91
91
91
92
92
92

204.
204.
202.
203.
204.
207 -

5
4
9
4
I
1

a

vsL
1 6 .629
16.611
16.610

361.
3sB.
359 -
361.
36s.
363.

3. O56

\'¡SG
o.46
o.54
o.50

PDT= 3 - 068

78.3
VSG
1 . 09
1 .27
1.18

o
o
o
o
o
o
o

361.

21 .
22.

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

z
2.O
4.5
7 -5

11-O
16-5
21 .O
22 -5

vsG
o .47
o.48
o.49
o. so
o .52
o.53
o. 54

211 -
211 .
210 -

NO: S1O.2

3958 MG= O-20 QF.LUX=

2.O99 ÀLFÀ=O-O36 wE=

TMIX RESL
77 -4 11467
78 -2 11570
77-B 11518

FLOW PÀTTERN:BUBBLE

5250 NUTP=211.8 HTP= 374 PDT=

3834.OO TouT(veaS)= 7A.2' 78'1

SG P PRL PRG VSL
ó. s zo.a 67 -3 o.7o9 16 -629
o.1 17.8 66.8 0-709 16.611
o-z 19.3 6'7.O O.709 16-610

TBULK
77 -4
77.5
77 .6
77.7
77.9
78.1
78. 1

ÎnWALL
91 .

FLOW PÀTTERN:BUBBLE

RE
15
15
15

NUTP
o
1

4
3
5
9
I

HTP
214 -
213 -
211 .
211 .

R
114
114
114
115
115
115
115

ESL
75
85
98
13
36
54
61

378
376
373
373
373
374
372

TEST NO: 51 O.3

ML= 3958 MG= O-48 QFLUX=

PDF= 2 - 154 ALFÀ=O . 078 LIE=

5398 NUTP:21O.7 HTP= 372

3835.OO TOUT(MEÀs)= 78-4,

TMI X
77.4
78.2
77 .8

RESG
355. 5
355.1
355.3

P PRG
o.709
o.709
o .'7 09

21 .O
17 .9
19 .4

z RESL
11478

vsG
'1 .10

NUTP HTP
376.O
372.o
370. o
369. O
372.O
375.o
373.o

212.8
210-9
209.7
209 -2
210.9
212.4
211.5

1.12
1.14
1.17
1-21
1 .25
1 .26

11491
11507
11526
11556
1154O
11588

2
4
'/

11
16
21
22

o
5
5
o
5
o
5

'77 -
7'7 .
77 -

5
6
7
I
1

3
3

77
78
78
78

I
1

3
5
6
7
I92



TEST NO: 51 O - 4

ML= 3958 MG: O.71 QFLUx=

PDF= 2.27 I ÀLFÀ=O - 1 OB wE=

462

FLOW PÀInTERN:BUBBLE

539'7 NUTP= 21 4 .5 HTP= 3-7 9 PDT= 3 . 1 6 3

3834.0O TOUT(MEÀs)= 78.1, 78-0

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

TMI X
77 .1
77 .9
77 -5

RESL
427
533
480

RESG
530.2
529-6
529 -9

PRL
67 -5
66-8
67 -2
TWÀLL

PRL
67 .3
66-6
67.o

PRG
o-709
o.709
o.709

vsL
1 6.629
16.611
16.610

vsG
1 .59
1 .86
1.72

vsG
2.10
2 .42
2 .25

11
11
11

P
21 .4
18.2
19.8

z
2.O
4.5
7.5

11.o
16.5
2't.O
22 .5

212.9
213.7
215 .4
215 .9
215-2

452
468
488
518
543
551

388.z
2.
4.
7-

11.
16.

78.

SG
.12
.15
.19

2
2
2
2
2
2
2

11491
1 1507
11526
11556
11580
11588

5
6
7
I
1

3
3

o
5
5
o
5
o
5

393
386
389
393
392

SG

.58
"62

v
3
3
3
3
3
3
3

11475
11492
1 1512
1 1 54 3
11568
11577

z
2.O
4.5
'7 -5

11.O
16.5
21 .O
22-5

RESL
438

TM]X RESL
77.4 1146'7
78.2 115'77
77 -8 1 1522

RESL
11477

TMIX RESL
77.3 11450
78.1 11561
7'7 .7 11505

RESL
11461

11
11
11
11
11
11
11

vsG
1 .61
1-64
1 .67
'l -71
1.77
1 .83
1 .85

TBULK
77 -2
77 .3
7'7.4
77 .6
77.8
78. O
78. O

NUTP
213 .5
214.9

HTP
377.o
379.O
376.O
377 -O
380. O

381.O
380. O

5
5
I
I
o
1

2

91
91
91
91
92
92
92

NO:

3958

s10.5
MG= 1 . 05 QFLUx= 5622

F.LOW PÀTTERN : BUBEILE-F.ROTH

NUTP=218.8 HTP= 3B6,PDT= 3.247

2-389 ÀLF.À=o.135 wE= 3835.OO TOUT(¡¡ees)= 78'4' 78'3

I NLET
OUTLET
MEÀN

RESG
783.1
7A2-2
782-6

P
24.o
20 -7
22.4

PRG
o.709
o.709
o-709

vsL
1 6.629
16.611
16.610

TBIJLK
77.
77 -
77.
77.
78-
78.

TWÀLL
91 .9
92.1
92.4
92 .5
92-6
92-.Õ,
92 .4

PRL
67 .4
66.7
67.O

TWÀLL
91 .6
91 .7
92.O
92-4
92.5
92-6'
92.7

NUTP
220.o
219 .2
21'7 . 1

217.2
219.1
221.4
220.o

HTP

21 .
22.

.24
- 31
.38
.40

vsL
1 6 .629'r6.611
16.610

38'7 .
383.
383.
387.
391.
388.

PDT= 3.324
78.3

vsG
3.11
3 .64
3-37

o
o
o
o
o
o
o

o
o
o
o
o
o
o

TEST

ML=

PDF=

NO:

3 958

s10.6 F.LO}T PATTERN : BUEBLE-FROTH

MG= 1.47 QFLUX: 5659 NUTP=221 '6 HTP= 391

2.514 ÀLF'A=O.144 wE= 3834.OO ToUT(us¡s)= 78'3'

I NLET
OUTLET
MEAN

RESG
1093 - O

1092-6
1093. 3

P
22-6
19-2
20 .9

PRG
o.709
o-709
o.709

.15

.20

.26

.34

.4'7

TBULK
77 .3
77 -4
77 .6
77.-7
78. O
78.2
78 -2

NUTP
224.8
224.o
222-6
218.8
220 .6
222 .6
222 .3

HTP
397 .
395-



TEST

ML=

PDF=

I NLET
OUTLET
MEAN

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

RESL
11421
11436
11453
11473
11505
11531
11s39

RESL
11247

\'SG
4 -25
4 .32
4.41
4.51
4 .69
4 .84
4 .90

vsG
5.71
5.81
5 -92
6-07
6.31
6.5?
6.59

TBULK NUTP HTP
391 . O
391.O
388. O

387. O

391 . o
393.O
392.O

463

FLO9' PÀTTERN : BUBBLE-FROTH

39O PDT= 3-485
NO: S1O.7

3958 MG= 2-O4 QFLUX=

2-719 ÀLFÀ=O.227 wE=

TMIX RESL
76.9 1141O
77 -9 1 1527
77.4 11468

5965 NUTP=221.O HTP=

3433-OO TOUT(MEÀs)=

P
23 .3
19.8
21 -5

z

RESG't524.O
1 522 .9
1523-9

PRL
67 .6
66 .9
67 .3
TT^TÀLL

92 .3
92 .4
92.6
92 .4
92 .9
93. O

93 -2

PRL
6A .6
67 .8
6A .2

PRG
o.709
0.709
o - 709

78. O, 78. O

vsL
1 6 .629
16.610
1 6.609

VSG
4.20
4.92
4. s6

vsG
5.64
6.63
6.13

3.866

vsG
a.02
9 .44
8.72

77 -
7-Ì.
'77 -

2
4
7

11
16
21
22

o
5
5
o
5
o
5

11
11
11
11
11
11

o

5
o
5
o
5

77.
77.
77 -
77.

o
1

3
4
7
9
9

221 .7
221.3
220.O
219.4
221 .5
222 -7
222-1

NO: S1O.8

3958 MG= 2.83 QFLUX=

2.933 ÀLFA-O.27 5 wE=

TMIX RISL
75 -6 1 1234
76.5 11352
76.O 11293

E.LOW PÀTTERN: E.ROTH

6058 NUTP=22O.9 HlcP= 390 PDT= 3'652

3426-OO TouT(r-:ees)= 76-8, 76.8

RESG
2120-o
2118.O
2119.4

P
24.O
20-3
22 .2

PRG
0.709
o.709
0.709

vsL
1 6.629
1 6.608
1 6.607

TEST NO: 51 O.9

ML= 3958 MG= 4.22 QFLUx= 5811

PDF= 3 .2OB ÀLFÀ=O. 3 37 v'IE= 3834

TMIX RESL RESG

oUTLET 78.0 1 1547
MEAN 77 -6 1 1 49O

TBULK TWALL NUTP

FLO9.? PÀTTERN: FROTH

NUTP=223.3 HTP= 394 PDT=

.OO TouT(¡lees)= 78-2, 78-z

P PRL PRG VSL
2s.2 67 .5 0. 709 1 6 .629
21.4 66.7 0.709 16.611
23.3 67.1'O.709 16.610

223-O
221 .3
219-5
219.2
220 .8
223 -8
222.O

91 .1
91 .3
91 -6
91 .8
92. O
92. O

92 .2

75.7
75 -8
76-O
76-1
7 6.4
76-7
76-8

1 126
1128
1130
1134
1 137
1138

z
2.O
4.5
7.5

11.o
16.5
21 .O
22.5

4
4
7
4
5
E

HTP
393. O

391 . O

387. O

387. O

390-O
39s - o
392.O

31
31
31

54.o
50 -2
52-2

z RESL
11444

459
478
499
532
5s9
s68

VSG
I .12
a.26
8.43
8.63
8-98
9 .28
9. 38

NUTP
226 .4
224 .2
222.6
222 .5
222 .6
224.5
223 .2

HTP
400 -

TBULK TWÀLL
7'7.
77.2

4
7

11
16
21
22

396
393
393
393
396
394

91 .7
92-O
92 .2
92.4
92 .7
92 .4
92 .9

2
3
5
6
9
1

2

77.
77.
77.
78.
74.

o
o
o
o
o
o
o



TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO:

39s8

NO:

3 9s8

NO:

3 958

TMI X
77 .5
78.3
77.9

s10.10 FLOW PÀTTERN:FROTH

MG= 6-27 QFLUX= 5583 NUTP=225'5 HTP= 398

3.57 1 ÀLFÀ=O.4O1 wE,= 3836-OO TOUT(¡aees)= 78'6,

RESL
11478
11588
11533

RESG
4677.O
4671 -7
467 4 .6

vsL
1 6 .629't6.612
16.61 1

464

PDT= 4.166

78.5
vsG

11.402
5
9

67
66
66

P
26.3
22.2
24 .3

PRL PRG
o.709
o - 709
o-709

13.49
12 .43

z
2.O
4.5
7 -5

11.o
16.5
21 .O
22-5

RESL
11490

so5
523
544
577
604
613

TMIX RESL
77 -1 11432
78. O 1 1542
77 -5 11487

RESL
1 445
1460
1479

11
11'l 1

11
11
11

3
6
9
1
3
5
6

91
91
91
92
92
92
92

vsG
1 1 .55
1 1 .75
12. OO
12 .30
12.81
13.25
13.41

TBULK
77 .6
77.7
77 .8
78. O
78 -2
78-4
78.5

TWÀLL

PRL
67 .5
66.7
67 .1

TWÀLL

TWÀLL
90. o
90.2
90 .7
90,8
91 . O
91 .1
91 .2

NUTP
230 .9
227.3
225 .3
224 .6
224 .3
225 .6
224 .5

vsL
1 6.629
16.611
16.610

HTP
407.o
401.0
398.0
396. O

396. O

398.0
396. O

PDT= 4.633

78.2
vsG

1 5.65
18.61
17.11

TEST

ML=

PDF=

s10.11 F.LOW PATTERN:FROTH

MG= g-34 QF.Lux= 5579 NUTP:238'9 HTP= 422

4.096 ÀLF.À=O.459 wE= 3834-OO TOUT(¡aees)= 78'3,

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

RESG
6973-O
6965 .4
6969 - 7

P
2A .6
23.9
26.3

PRG
o.709
o-709
o - 709

z
2.O
4.5
7 -5

11.O
16.5
21 .O
22-5

VSG TBULK
15.87 77 -2

RESG
9773.
9760.
9766.

TMIX RESL
76.4 11341
77.3 11455
76.9 11398

RESL
1 1 3 54
11370
11389
11411
11446
11475
1 1485

1

1
1
1

1

1

1

1

1
1

1

90.3
90. s
90.8
91 . O

91 .1
91 .2
91 .3

16.15
16.50
16.92
17 -64
18-27
18.50

50
s3
56
57

1

6
4
3

77 .3
77.5
77 .6
77.9
78.1
78.2

NUTP
242.2
239 .1
237 .1
237 -3
238-9
241 .o
240 -7

\¡SL
1 6 .629
16.610
16-609

HTP
42'1 . O
422.O
418.O
419.O
422.O
425.O
425.O

PDT= 5. O48

77.7
vsG

20 . 1'7
24.oo
22.06

s10.12 FLOW PÀTTERN:FROTH

MG= 13-07 QFLuX= 58 24 NUTP=240.0 HTP= 424

4.554 ÀLE.A=O. 5O4 wE= 3830 - OO ToUT(MEÀS ) = 77 ' 4 ,

I NLET
OUTLET
MEÀN

PRL
68.O 0
6'7 .2 0
67.6 0

P
0 31.O
7 25-9
9 24.5

PRG
.7 09
.7 09
.7 09

21 -27
21 -82
22 -75
23-57
23 .86

2-O
4.5
7.5

11.O
16.5
21 .O
22 .5

vsG
20.45
20 .81

TBULK
76.5
76.6
7 6.4
77.O
7'7 -2
77.4
77.5

NUTP
244 .6
242 .3
237.4
23A.2
23A .9
242 .3
242 .1

HTP
432.O
428.O
420 -o
420.o
422.O
428.O
427.O



TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF.=

I NLET
OUTLET
MEÀN

2.O
4-5
7.5

11.O
16.5
21 .O
22-5

21 -
22.

RESL
11564
11580
1 1599
11622
11657
11685
11696

vsG
26.13
26 .61
27.20
27.92
29 .14
30.21
30.59

TBULK
78.1
7A.3
78-4
78.6
78.9
79-1
79.1

TWÀLL
91-3

PRL
6? -5
66.6
67 -1

TWALL
89.9
90 .2
90.5
90 -7
90.8
90.8
90.9

PRL
66. s
65 -7
66.1

NUTP
252 .2
248.5
247.3
248.O
250.8
254.7
254 -3

HTP
445-O

450.
449.

No: S1O-13

3958 MG= 18.23 QFLUX=

5.192 ÀLFÀ=o.545 wE=

TMIX RESL
78. O 11551
78.9 11666
78.5 1 1 609

465

FLO9¡ PÀTTERN:FROTH

5866 NU1cP=250.1 HTP= 441 PDT= 5-644

3839.0O TOUT(uPeS)= 79.1, 79-3

PRLRESG
1 3s93. O
13575.7
13584.4

P
33.9
2A .3
31 .1

P
3'7 -9
31 .5
34 -7

P
43.3
3s.9
39.6

PRG
o.709
0.709
o.709

vsL
1 6 .629
16.613
16 .612

vsG
25.76
30.78
28.23

vsG
31-98
38.31
3s. o9

66.8
66. O
66-4

439
43?
438
443

9'1 .6
91 . B
92.O
92-1
92.'l
92.2

o
0
o
o
0
o

NO: S1O.14

3958 MG= 25.29 Qr¡.ux=
5.960 ALFÀ=O.58O wE=

F.LOW PÀTTERN : F.ROTH_ÀNNULÀR

5766 NUTP=254.3 HTP= 449 PDT= 6'377

3834.00 TOUT(¡aees)= 78-1, 78-5

TMI X
77 .1
78 - O
77 .6

RESL
11431
11544
1 1488

RESG
18883.O
18859.9
1 88'1 1 .7

PRG
o.709
o.709
o.709

vsL
1 6 .629
16.611
16.610

I NLET
OUTLET
MEAN

TMI X
7A -5
79.4
7A.9

RESG
289'77.O
2A940 . a
28959 -2

vsL
1 6 .629
16.614
16-613

HTP
4s3.0
447.O
444.O
444.o
450.o
457.O
456.O

PDT= 7 -416
80. o

\,ZSG
43.11
51.81
47 -38

2.
4.
7.

11.
16.

RESL
11445

461
481
so5
541
572
582

VSG
32-44
33. 04

vsG
43.7 4
44 .56
45.58
46-84
48.95
50.82
51 .48

TBULK NUTP
256.9
253-1
251.6
251.6
254 -9
259.o
258-4

11
11
11
11
11
11

o
5
5
o
5
o
5

77.2
77.3
77.5
77.7
78. O
78.2-74-3

78
70
23
59
o7

33
34
36
37
38

TEST

ML=

PDF=

NO:

3 9s8

s10.15 F LOt^t PÀTTERN: FROTH-ANNULÀR

MG: 38-88 QFLUX= 5865 NUTP=267'3 HTP= 472

'7.O43 ÀLFÀ=O.625 wE= 3842-OO TouT(rqeas)= 79'4 '
RE
13
2A
70

SL PRG
o.'709
o.709
o.709

116
117
116

z RESL
't 1626

TBULK
'7A .6
78.7
78.9
79.1
79.4
79.6
79-7

TI^IÀLL
90.9
91 .2
91.5
91 .6
91.8
91.8
91 "9

NUTP
269 .9
266.9
264 .1
264-4
267.9
272.O
272.1

HTP
476.O
47 1.o
466.O
467.O
473.O
480. o
4ao.o

1164
1 166
1 168
1172
117 5
1176

2
4
7

11
16
21
22

o
5
5
o
5
o
5

3
3
7
4
4
5



466

s10.16 FLOW PÀTTERN : FROTH-ÀNNULÀR

MG= 55.94 QFLux- 5866 NUTP=281-9 HTP= 498 PDT= 8'512

8.171 }ILFA=O.658 wE= 3848.OO TOUT(veaS)= aO'4, 81'2

TEST NO: 511.1

ML= 5757 MG= 0.13 QFLUX=

PDF= 4.O81 ÀLFÀ=O.O14 wE=

91.

F.LOI"' PÀTTERN: BUBBLE

7374 NUTP:282.4 HTP= 499 PDT= 5.O59

8108.OO TOUT(Mees)= 77.9, 77-8

I NLET
OUTLET
MEÀN

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

TEST

ML:
PDF=

NO:

3 958

2.O
4 -5
7.5

11.O
16.5
21 -O
22-5

TMIX RESL
79.6 11761
80.5 11876
80-1 11818

RESL
773

9
I
o
5
3
2

TMIX
76.9
77 -7
77.3

RESL
16588
16733
1 6660

RESL
16603
1 6621
1 6644
16670
167 11
16745
16756

TMI X
76.6
77.4
77 -o

RESL
1 6s38
16683
16610

RESL
16551
1 6s68
16s89
16612
1 6649
1 66AO
1 6690

TBULK TWÀLL
1
,l

1

1
1

1
1

2
6
9
1

2
4
4

91
91
92
92
92
92

78
80
83
86
89
90

281 -4
281 .1
280 .4
282 .2
283 .1
285.1
284 .2

91.8
91 - 9
92 -'l
92 .1
92-3
92.4
92-5

2
4
6
7
I
o

91
91
91
91
91
92

vsG
55. 1 3
56.17
57.46
s9. O4
61 .'7 1

64 - O8
64 .91

79.
79-

RESG
41625.O
41572.4
41 598 .7

P
49-5
41.O
45-3

PRL
65 -7
64 -9
65.3

PRL
67 -A
67 -3
67 .6

PRG
o.709
o.709
o-709

\/SL
't 6 .629
16.616
16.615

vsc
54.33
6s.33
s9 -73

vsG
o -24
0.30
o .27

7
9
o
2
4
7
'7

77.O
77.1
77.2
77 .3
77 .6
77.7
7'7 -8

80.
80.
80.
80.
80.

NUTP
2AA.6
283 .4
279.5
279.3
281 .7
284 .1
2A4 .9

HTP
509. o
500. o
493. O
493. O
49'7 . O

502. o
503. o

P
25.8
20.8
23-3

RESG
97 .6
97 .5
97 .5

PRL
67 -6
67.O
67 .3

TBULK TT,¡ALL

PRG
o.709
o.709
o.709

vsL
24.187
24 .1 60
24 .1 58

11.

z
2.
4.
7.

16.
21 -
22-

o
5
5
o
5
o
5

o
5
5
o
5
o
5

2
2.
4-
7.

11.
16.

vsG
o -25
o .25
o -26
o .27
o .28
o .29
o.30

NI'JTP HTP
497.O
496.O
495.O
498. O

500. o
503.o
502.o

NO:

57 57

s11.2 FLOT^T PÀTTERN: BUBBLE

MG= O.24 QFLUX= 7372 NUTP=ZAï.3 HTP= 509 PDT= 5'123

4.156 ÀLF.À=O.O24 h¡E: 81O5.OO ToUT(rqeas)= 77.5, 77 '4

I NLET
OUTLET
MEÀN

RESG
179.e
179.6
179 -7

76.7
76.4
76.9
77.O
77 -2
77 -4
77 -4

o-46
o .47
o.49
o.51
o. 53
o.54

P
26-O
20 .9
23 .5

PRG
o.709
o.709
o.709

vsL
24 .1 87
24 .1 59
24 - 15'7

VSG
o .44
0.55
o .49

vsG
o-45

TBULK TWALL
91 .1

NUTP
2A9 .2
289 .1
287.4
287.4
288.3
2A9 .4
287.8

HTP
510.0
510. o
507. o
507. o
so9. o
511 . o
so8. o

21 .
22-



NO:

57 57

s11 .3 F.LOW PATTERN:BUBBLE

MG- O.4't QFLUx= 7 652 NUTP=289 ' 8 HTP= 512

467

PDT= 5. 1 54

77.9

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

4-2O3 ÀLFÀ=0.041 wE= 81O9'OO TOUT(MEÀs)= 7A'O'

TM¡ X
77 -o
77 .8
'77 -4

RESL
1 6604
16755
16679

RESG
308.8
308.4
30a.6

P
26.1
21-O
23.6

TBULK
76-7

PRL
67 .6
66.9
67 .3

PRG
o.709
o.709
o.709

vsL
24.187
24 .1 60
24 .'t 59

vsG
o.76
0.94
0.84

z
2-O
4 -5
7 -5

11.O
16.5
21 .o
22 .5

NO: 511-4

5757 MG=

TMI X
77.o
77 .8
77 -4

RESL
16612
16763
1 6688

TBULK TWÀLL
92-1
92 .2
92.4
92-4
92 .6
92 .7
92.8

P
26.3
21 .1
23 -7

TBULK TWÀLL
92-
92.
92.
92-
92.

P
26 .7
21 .4
24 .1

RESL
16619
1 6639
1 6662
1 6688
16731
16765
1 67'7 7

vsG
o -7'7
o.79
o.81
o.83
o.88
o .92
o.93

NUTP
28A-9
289.0
287 -7
289 .4
290.8
292 .3
290-4

HTP
510. o
510.o
508. O

511 . o
513. O

516.O
513. O

77.1
77 -2
77.3
77 -4'7'I -7
77.8
77 -9

FLOW PÀTTERN:BUBBLE

O.57 QF.I-UX= 7652 NUTP=289'6 HTP= 511 PDT= 5'171

4.233 ÀLFÀ=o.O55 wE= 811O'OO ToUT(MEÀS)= '7A'O' 78'O

RESG
428.O
427 -5
427.8

PRL
67 .6
66 .9
67 -2

PRG
o.709
o.709
o.709

vsL
24 .18'7
24 .1 60
24 .1 59

\¡SG
1.04
1 .29
1.16

VSG
1.47
1 - 83
1 .65

z
2-
4.
7.

11.
16.

o
5
5
o
5
o
5

RESL
1 6628
1 6647
16670
1 6697
16739
16773
16785

vsG
1 . 06
1 . o8
1.11
1.15
1 .21
1 .26
1.?8

NUTP
290 .3
290.7
2A7.3
288 .4
289-8
292.O
291.3

NU1rP
293.6
297.1
292 .5
290 .3
291.6
293.4
292.O

HTP
512.O
513.
507 .

77 -1
77.2
77 -3
77 -5-77.7
77.9
77.9

o
o
o
o
o
o

509
512
515
514

o
1

4
5
7
7
I

TEST

ML=

PÞF=

21 -
22.

NO:

57 57

o?
92.

4.359 ÀLFÀ=O. O75 wE= 81 05 ' OO

s11 .5
MG: O.A2 QFLUX= 7649

FLOW PATTERN:BUBBLE

NUTP=292.7 HTP= 51'7 PDT= 5'277

TouT(¡¡e¿S)= 77 -6, 77.4

PRL PRG VSL
67 -9 0.709 24 - 187
67-3 0.709 24.159
67.6 0.709 24.157

I NLET
OUTLET
MEÀN

TMT X
76.6
77 -4
77 -o

RESL
16s30
1 66AO
1 6605

RESG
515.1
614 .4
614.8

92.

'76.8
76.9
77.o
77 -2
77.4
77 -4

z
2.O
4.5
7.5

11.o
16.5
21 .O
22 .5

RESL
1 6544
1 6562
16s83
1 6608
1 6647
16679
1 6690

vsG
1 .50
1 .53
1 .57
1 .62
1.71
1.79
1.81

TWÀLL
91 .4

HTP
518.O
524.o
516.0
512. o
515.0
519.O
515.0

91
91
91
92
92

3
7
9
1

1

3



TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: 51 1 .6

5757 MG= 1.17 QFLUX=

4 -446 ÀLFÀ=O. 1 OO wE=

FLOW PÀTTERN:BUBBLE
'7847 NUTP=Z9O.9 HTP= 513 PDT=

81 1 O. OO Tour(ve¡s ) = 78.0 , 78 -o

RESG P PRL PRG \/SL
4.187
4. 160
4.159

468

s.338

vsG
2. O6
2-55
2 .30

VSG
2.84
3.51
3.16

vsc
3-76
4 .64
4.19

TMI X
77 -1
77.9
77 -5

RESL
1 6621
16775
1 6698

RESL
1 6636
1 665s
16674
16705
16747
16792
16793

TMIX RESL
77 .7 1 6745
78.6 1 6899
78-1 16822

RESL
16759
16774
16793
16816
16851
1 6880
16890

TMI X
77.5
7A .3
77 .9

RESL
1 6695
16849
16772

RESL
167 11

870.7 27 .1 67 -5
869.7 2't .8 66.9
870.2 24.4 67 .2

o.709 2
o.709 2
o.709 2

z
2-
4-
7.

11.
16.

o
5
5
o
5
o
5

VSG
2.O9
2-14
2.20
2-27
2 .38
2 .49
2 .53

TBULK
77 -2
77 .3
77 -4
77 -5
77 -8
77 .9
78 - O

TWÀLL
92-4
92.5
92 .4
92 .9
93. O

93.0
93.2

PRL
67.O
66. s
66.8

NUTP HTP
513.
513.
507 -
511 .
516.
519.
516.

290.6
290.7
287 -5
2A9-s
292.1
294 .3
292.6

o
o
o
o
o
o
o

TEST

ML=

PDF=

I NLET
OUTLET
MEAN

21 .
22.

z
2.O
4.5
7.5

11.O
16.5
21 .O
22-5

RESG
1233. O
1232-4
1233-1

RESG
1705. O
1703 -9
1704 -9

P
27 -9
22 .5
25 .2

PRG
0.709
o.709
o.709

vsL
24.187
24 .1 62
24 .1 61

NO: S11.7

5757 MG= 1 .65

FLOW PÀTTERN : BUBBLE-F"ROTH

QFLUX= 7805 NUTP=295-7 HTP= 522 PIJT= 5-471

4-609 ÀLF.À=O.131 wE= 8117-OO TOUT(MEÀS)= 78.6,'l 8.4

7
2
4
9
o
o
3

297
294
295
295

vsG
2.88
2 .95
3. O2
3.12
3 .24
3.43
3 - 48

TBULK
77 -8
77.9
78.O
78.1
78.3
78.4
78.5

TWÀLL
92 .7
92-A
93 - O
93.0
93.3
93.3
93.5

PRL
67 .2
66-s
66.9

NUTP
295.

297 -
295.

HTP
522-O
525.O
s20. o
522-O
521.O
524.O
521 . O

rrcî

ML=

PDF=

I NLET
OUTLET
MEÀN

NO: S11.8
5757 MG= 2-24 QFLUx=

4:839 ÀLFÀ=O.163 elE=

FLOW PÀTTERN : BUBBLE-FROTH

7804 NUTP=299.9 HTP: 529 PDT= 5-670

8115.OO TouT(MEÀS)= 78.5, 78-4

P
29.1
23 .5
26-3

PRG
o-709
0.709
o - 709

L
87
62
60

24 .'l
24 .1
24-1

vs

NUTP
29A .6
299 .5
29A.2
29A.6
300.4
303. O

301 .7

16731
16755
16784
1 6A2A
1 6864
16A76

z
2-O
4-5
7.5

11.o
16.5
21.O
22.5

vsG
3.82
3. 90
4. oo
4.13
4 .34
4.53
4-60

TBULK
77 .6
77.7
77.8
77.9
78.2
78.4
7B-4

TWÀLL
92.4
92-4
92.6
92.7
92 -9
93. O

93. 1

HTP
527.O
529-O
526.O
527.O
530. O

535.0
533. O



TEST NO: 51 1 .9

ML= 5757 MG= 2 -91 QFLUx=

PDF= 5.O33 ÀLFÀ:O.189 wE=

FLOW PÀTTERN:FROTH

78O5 NUTP=3O2-3 HTP= 534

81 20.OO ToUT(r"rees)= 79.O,

469

PDT- 5-838
78.9

TMI X
78. O
78.8
78-4

RESL
1 6786
1 6940
1 6863

RESL
168O2
1 6822
16845
16873
16916
1 6952
1 6964

TMI X
77.O'77.8
77.4

RESL
1 6604
1 6758
1 5681

RTSL
1 6621
1 6642
1 6667
1 6696
16742
16780
16793

TMIX RESL
78.6 16911
'/9 -5 17070
79.O 1 6990

RESL
1 6927
1 6947
16971
1 6999
17044
1 7080
17092

RESG P
o 30.4
7 24.5
o 27.4

PRG
.7 09
.7 09
.7 09

PRG
o.709
o.709
o -709

VSL
24.187
24 .1 63
24 .1 62

PRL vsG
4 .59
s.65
5.10

HTP
533. O

534. O

531 . O

s30. o
534. O

s39. O
536. O

PDT= 6 -172
78. O

\¡SG
6-22
7 .62
6.90

I NLET
OUTLET
MEÀN

66.9 0
66.2 0
66.6 0

21 67
21 64
21 66

TWÀLL
92 .'7
92 -7
93. O

93. 1

93.3
93.3
93.4

z
¿-
4-
7.

11.
16.
21 .
22.

o
5
5
o
5
o
5

o
5
5
o
5
o
5

vsG
4-66
4.76
4-88
s.o3
5 .29
5 .52
s-60

TBULK
78. O
78-1
78-3
78-4
7A-6
7A .8
78 -9

P
o 32.9
1 26-A
o 29-A

PRL
67 .6
66 .9
67 .2
Tg'ÀLL

PRL
66 .4
65.7
66-1

TÍ^7ÀLL
93. 1

NUTP
301.7
302.8
301.o
300. s
302 .6
305.4
303.8

TEST

ML=

PDF=

NO:

57 57

NO:

57 57

s11-10 F.LO9¡ PATTERN ¡ E'ROTH

MG= 4-28 QFLUx= 78 43 NUTP=3O7.2 HTP= 542

5.412 ÀLFÀ=o.233 wE= 8'1 1O.OO TouT(ueeS)= 78.1 ,

RESG vsL
I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

187
160
15924-

31 97
31 94
31 96

24-
24-

z vsG
6.32
6.45
6.61
5.81
7 .15
7 .46
7 .56

TBULK
77 -1
77 .2
77 .3
77 -5
7'7 -'l
77 .9
78. O

NUTP
306.0
307 -4
304.6
306.8
307 -4
310.2
309 - 1

HTP
540. o
543.0
538. O

542-O
543-O
544.O
546.O

PDT= 6.51 9

79-5

91.6
91 .6
91 -9
92.O
92-2
92 .2
92.4

2
4
7

11
16
21
22

s11 .11 F.LOW PÀTTERN:FROTH

MG= 5.95 QFLUX= 8068 NUTP=31 8.4 HTP= 562

s.8O4 ÀLFÀ:O.279 wE= 8128.OO ToUT(¡aBeS)= 79.7,

I NLET
OUTLET
MEÀN

RESG
4436.O
4431 - 6
4434 - 3

P
34.'t
28 .1
31.4

PRG
o -709
o.709
o.709

VSL
24 . 18'7
24 .1 65
24 .1 64

vsG
I .24

10.10
9.15

93.2
93 .4
93.5
93 .6
93.8
93.9

'74 -7
78.8
78-9
79.1
79.3
79 -5
79-6

L
2.O
4-5
'7 .5

11.o
16.5
21 -O
22-5

vsG
8. 38
8.55
8.76
9. O3
9-44
9.88

10. 03

TBULK NUTP
3'l 7 -'7
317.9
316.8
317.5
319.O
320 .6
320.O

HTP
561 . O

561.0
559. O

561.O
563. O

566. O

565"O



TEST NO: 51 1 .1 2

ML= 5757 MG= 8.47 QFLUx=

PDF- 6 - 421 ÀLFÀ=0. 33O 9JE=

470

FLOI^' PATTERN : F'ROTH

8071 NUTP-321.1 HTP= 567 PDT= 7.086

8136.OO TOUT(rqe¡S)= 80.4, 80.2

I NLET
OUTLET
MEÀN

TMI X
79.3

TMI X
79.4
80.3
79.9

RESL
1 7035
't 7 195
17115

RESG
630s. o
6297.4
6301.2

vsL
24.187
24.167
24 .1 66

vsL
24.187
24.168
24 -'t 66

vsG
1 1 . 02
13.56
12.26

HTP
569. O
568 .0
561 . O

564.O
567. O
574 -o
571 .0

PDT= 7.7O7

80.4
vsG

14.29
17.62
15.91

P
36-9
29 .9
33 .4

80 - 1
79 -''

79-5
79.6
79 -A
80 - o
80.2
80 - 3

PRG
-709
.7 09
-709

TWALL NUTPTBULK
79.4

PRL
6s.8
65. 1

65.5
TBULK TT{ALL

79 -5 93.2
79.6 93.3
79.8 93.5
79.9 93.7
80.2 93.9
80.4 93 - 9ao.5 94. 1

P
44-1
3s.6
39.9

PRL6s.9 0
6s.3 06s-6 0

z
2.O
4.5
7.5

11.O
16.s
21 .O
22 .5

RESL
17052
17073
17 099
17128
17 175
1-7213
17225

vsG
1 1 .20

-44
.73
.o9
.71
.27
.46

11
11
12
12
13
13

93. s
93 -7
94. O
94 .1
94.2
94 .3
94-4

322 .6
321.7
317 .9
319.4
321 .2
325. O
323 .6

TEST

ML=

PDF=

I NLET
OUTLET
MTÀN

TEST

ML=

PDF=

No: 511.13 FLOW PÀTTERN:F.ROTH

5757 }"4,G= 11.87 QFLUX= 7851 NUTP=325-1 HTP= 574

7-O89 ÀLFÀ=O.377 wE= A138.OO ToUT(MEÀs)= 80.6'
RESL

17068
17224
17146

RESG
8831 -O
8821 -2
aa26.4

P
39.9
32.2
36. 1

PRG
o.709
o.709
o-709

z
2.O
4-5
7.5

11.O
16.5
21 .O
22 .5

RESL
1 7085
17107
17133
17163
17211
17250
17263

vsc
14.53
14.83
15.22
15 .69
16-50
17.23
17.48

NUTP
326.O
325.7
323 .1
323 .6
324.8
328.7
327.3

575 -
570.
57 1.
573.
580.
578.

PDT= 8.484
81.3

HTP
575 -

NO:

5-7 57

s11 .14 FLOW PÀTTERN:FROTH

MG= 1'7 -31 QFLUX= 7854 NUTP=333-2 HTP= 588

o
o
o
o
o
o
o

o
o
o
o
o
o
o

7.916 ÀLFÀ=O.428 wE= 8147.OO TOUin(MEÀS)= 81 -4,

I NLET
OUTLET
MEAN

TMI X
80.3
81 .1
BO.7

RESL
17226
17382
17304

RESG
12871.O
12856.4
1 2863 .9

PRG
.7 09
.7 09
-709

vsL
24.187
24 -171
24.169

PRL vsG
91
29
o4

18.
23.
21 .

65-2 0
64.5 0
64.9 0

587.
585.
584.
590;
596.
595.

333.9
332.4
331 .1
330.7
333.9
337 -4
337. O

93.7
93.9
94-1
94 -2
94-4
94 .4
94.5

80.4
80.5
80.6
80.8
81.1
81 - 3
81.3

19 .62
20-13
20.76
21.82
22 -78
23 .12

z
2.O
4.5
7.5

11.O
16.5
21 .O
22 .5

RESL
1 7243
17266
't 7 292
17323
17372
17 412
17425

vsG TBULK TWÀLL
19 -22

NUTP HTP
s90.



TEST

ML=

PDF=

INLET
OUTLET
MEAN

TMI X
80.6
81.4
81.O

TMI X
76.4
77 .1
76-7

RESL
17292
17448
17370

RESL
2061 0
20772
20691

RESG
1a125.O
18104.1
18114.6

PRL

64 .3
64 .6

TÚ.¡ÀLL
93 .8
93.9
94 .1
94.2
94 .3
94 .3
94 .4

PRL
68. O
67 .4
67 -7
TWÀLL

90-o
90. o
90.2
90. 3
90-4
90.5
90.6

PRL
67 .6
66 .9
67 .3
TWÀLL

90.6
90.6
90 .8
90.9
91.O
91 .1
91 .2

NO:

5757

sl1 - 15 FLOçJ PÀTTERN:FROTH

MG= 24.39 QFLUX= 7854 NUTP=342.9 HTP= 605

A.7O4 ÀLFÀ=O.47O wE= 8151-OO TouT(¡qees)- 81.8,

47r

PDT= 9.231
81.6

vsG
23.90
29.24
26.53

o65
P

49 -2
39.9
44-6

PRG
o.709
o.708
o.709

vsL
24 .1
24.'l
24-1

87
72
70

LRESz vsG
24.29
24.79
25.41
26.18
27 .49
2A.66
29.07

TBULK
80.
80.
81.

NUTP
341 . O
341 .2
337 .7
340.9
344. O

350.3
350.5

HTP
602-O
602.O
s96. O
602. O
607.o
618.O
619.O

7
I
o
1

4
6
7

2
4
7

11
16
21 .
22-

81.
81.
81.
81.

o
5
5
o
5
o
5

17310
17332
1 7359
17390
17 439
17479
17492

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

INLET
OUTLET
MEAN

z
2.O
4.5
7.5

11.0
16. 5
21 .O
22.5

z
2.O
4.5
7.5

11.0
16.5
2't .o
22.5

RESL
20628
20649
2067 5
207 06
20753
20793
208 06

vsG
o .24
o.24
o.2s
o.26
o.2a
o .29
o. 30

TBULK

NO: S12-1
7196 MG- O.15

FLOW PÀTTERN:BUBBLT

QFLUX= 8251 NUTP=347.O HTP= 613 PDT= 7'121

6.14O ALFÀ=O-O11 r.rE= 12660.O0 TOUT(UeaS)= 77.3,77-2
RESG
'1 1 3.7
113.6
113.6

P
31.1
24.O
27 .6

PRG
o.709
o.709
o.709

\'SL
30.234
30.197
30. 196

vsG
o -23
o-30
o.27

vsG
o.40
o.51
o.45

NUTP
344 .4

I{TP

NO: 512.2
7196 MG= O.26 QFLUx=

E'LOW PÀTTERN: BUBBLE

8254 NUTP=347.3 HTP= 613 PDT= 7.152

6-178 ALFÀ=O.O18 wE= 1267 O.OO TouT(uges)= 77.9, 77 '9

604. o
612-O
609, O
610. O
613. O
620.O
617.O

346.7
345.2
345.5
347.3
351 .1
349.5

76-4
76-5
76 -6
76 -8
77.O
77 .1
77.2

o
o
o
o
o
o
o

TMIX
76 -9
77 .6
77 .3

RESL
207 35
20897
2081 6

RESG
193.3 3
193. 1 2
193.2 2

vsL
30.234
30.200
30.1 98

P
1.2
4.1
7-7

PRG
o.709
o.709
o.709

RESL
20755
2074O
20810
20845
20900
20945
20960

vsG
o.40
o.41
o.43
o-44
o.41
0.50
o.51

TBULK
77.O
77 .1
77.2
77 .4
77 .6
77.8
77.9

NUTP
343.8
345.9
344.9
346.5
348.3
351 .9
349.4

612 .
615.
621.
617 .

HTP
607 -
611 .
609.



472

s12.3 FLOW PÀTTERN!BUBBLE

MG= 0.39 QFLUX= 8253 NUTP=348.8 HTP= 616 PDT= 7'323

6.358 ALFA=O -O2'7 wE- 1266-9. OO ToUT(MEÀS ) = ?7 .8, 77 '8

TEST

ML-
PDF=

NO:

7196

NO:

7 196

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF=

TMI X
76 -9
77 .6
77.2

RESL
207 24
20886
2080 s

PRL
67 .7
67.O
67 .4

PRG
o.709
o.709
o -709

vsL
30.234
30.199
30. 198

vsG
o.60
o.77
o-68

SGRE P
31.3
23.9
27 .6

290 -7
290 .4
290 .6

619.
613.
613.
617 -
620 -
618.

90.4
90-4
90.6
90.8
90.9
91.O
91 .1

o.64
o .67
o.71
o-75
o.76

z
2.O
4-5
7-5

11.O
16.5
21.O
22.5

RESL
207 43
207 66
20794
20827
20a79
20921
2093s

vsG
o.61
o-62

TBULK
76.9
77 -O
77.2
?7 .3
77.5
77 .7
77.8

TBULK

TWÀLL

PRL
67.6 0
66-9 0
67.3 0

NUTP
346.6
350.6
347.O
347 -O
349.5
351 .4
349 -9

HTP
612 .

HTP
61 1 . O
616.O
61s.O
613.O
619. O

623-O
623. O

o
o
o
o
o
o
o

o
o
o
o
o
o
o

NO: 512-4
7196 MG= O-57 QFLUX=

6-256 ÀLFÀ=O.O38 wE=

FLOW PÀTTERN:BUBBLE

8231 NUTP:349-5 HTP- 617 PDl= 7-21O

12671-Oo Tour(¡'¡ses)= 77.9, 77-9
vsGPRGTMI X

76 -9
77 .6
77 .3

RESL
207 45
20907
20426

RESG
428-4
42A.O
428 .2

P
31.4
24.2
27.8

o.87
1-'t2
o.99

30
30
30

.7 09

.7 09

.'t o9

vsL
.234
.200
. 198

90. s
90.6
90. B
90.9
91.O
91 .1

77 -O
77 -1
77 -3
77 .4
7'7 -6
77 .8
77.9

z
2.O
4.5
7-5

11.O
16.s
21 . O
22-5

RESL
207 65
207A9
20818
208s3
20907
20951
20966

vsc
o.89
o.91
o.94
o.98
1 . 04
1 . 09
1.11

TWÀLL
90.5

NUTP
346. 3
348.8
348. 1

347.5
3so.8
353. O
353. O

s12.5 E.LOW PÀ'rTERN 3 BUBBLE

MG= O.8O 9FLUX= 8252 NUTP-35O-9 HTP= 619 PDT= 7'232

6.2g1 ÀLF.\:O.O52 wE= 12667-OO TOUT(t-lt¡s)= 77.7, 77'6

I NLET
OUTLET
MEAN

TMI X
76.7
77 .4
77 .1

RESL
20693
20855
2077 4

RESG
594 .4
s93.8
594.1

P
31.6
24-4
2A-O

PRG
-709
.7 09
-709

vsL
30.234
30. 1 99
30. 197

vsG
1 .20
1 .55
1 .37

PRL
67.
67-
67-

80
10
40

615.
616.

90. o
90 .2
90-4
90.6
90 "790.8
90.9

76-9
77.O
77 .2
77 -4
77 .6
77.6

1.26
1 .30
1.35
1 .43
1 .51
1.54

z
2-O
4.5
7 -5

11.0
16.5
21 -O
22 .5

RESL
20712
207 36
207 65
207 98
20851
20a94
20909

vsG
1 .23

TBULK
76.8

TWÀLL NUTP
3s3 .2
350.5
348.4
348.8
351 .2
354 -7
353.5

HTP
624.
619 .

620.
626.
624.



473

s12.6 FLOW PÀTTERN:BUBBLE

MG= 1.14 QFLUX= 8316 NUTP=349.O HTP= 616 PDT= 7.333

6.41O ÀLFÀ=O-071 ttE= 12656-OO TOUT(r"lees)- 77.1, 77.1

TEST

ML=

PDF=

TEST

ML=

PDF-

NO:

7196

r NLET
OUTLET
MEÀN

TMI}(
76.1
76.8
76.4

RESL
20 538
20701
20620

RESG
852 .2
851-4
851.8

P
32.1
24.8
28. 5

PRL
68.3
67 -5
67 -9
TT{ÀLL

49.7
49.8
90. o
90. 1

90.3
90. 3
90.4

PRG
o.709
o.709
o-709

vsL
30.234
30. 1 97
30.1 9s

vsG
1 .69
2.18
1 .93

7 .440

vsG
2 .31
2 .97
2-63

vsG
3. 09
3.95
3.51

76.
76.
76.
77-
77.

VSG
1-73
1-77
1 .82
1-89
2.O1
2 .12
2-16,

o
5
5
o
5
o
5

z
¿-
4.
7.

11.
16.
21 .
22.

RESL
20559
20586
2061 I
2 0655
20714
20762
20778

TBULK
76.
76.

NUTP
346 .6
347 -1
345.7
347 .1
350.3
355. 1

3s3. O

HTP
612.1

3
4
6
a
o
1

o
o
o
o
o
o
o

613
610
613
618
627
623

ML= 7196 MG= 1.59 QFLUx= A226 NUTP=352.5 HTP= 622 PDT=

PDF= 6.54O ÀLFÀ=O.093 wE= 12654.OO ToU1n(ptees ) = 76 -9 , '77 -O

TMI)( RESL RESG P PRL PRG \¡SL

ourLET 76.7 20678
MEÀN 76.3 20598

RESL
20537
20562
20592
20627
20642
207 27
207 42

No3

7196

1191.O 32.9 68-3 0.
1190.4 25.5 67.6 0.
1191.O 29.2 68.O O.

709
709
709

30 -234
30. 196
30. 1 94

4
4
6
7
I
9
o

B9
89
89
89
89
89
90

76.1
76.2
76.3
76.4
76.7
7 6.9
76-9

z
2.O
4.5
7.5

11.o
16.s
21 .O
22-5

vsG
2 .36
2.42
2 .49
2-58
z-74
2.49
2 -94

TBULK TWALL

TI'{ÀLL
89.3
89.4
89. s
89 .7
a9 -7
89.8
90-o

NUTP
349. 1

351 .1
349-4
3s1 .6
353.7
357.2
35s.5

HTP
616. O
620.O
617.O
621.O
624.O
63'r . O
624-O

PDT= 7 -612
76.9

s12.8 F.LOW PÀTTERN:BUBBLE-FROTH

MG= 2.22 QFLUX= 8270 NUTP=356.1 HTP= 629

6 -737 ÀLFÀ-O. 1 1 I wE= 12654.OO TOUT(ueeS ) - 77 .O ,

I NLET
OUTLTT
MEÀN

TMI X
75.9
76 -676.3

RESL
20507
20669
20s48

RESG
1 658. O
165'7 .2
1658. O

PRG
.7 09
.7 09
.-to9

vsL
30 -234
30. 196
30. 1 94.

P
68
67
68

P
34-3
26.6
30.4

76.O
76.1
76.3
76.4
76.7
76.9
7 6.9

RL
.4 0
.6 0.o o

vsG
3.15
3.23
3.33
3 .45
3.66
3.8s
3.91

z
2.O
4.5
7.5

11.o
16.5
21 .O
22 .5

RESL
20524
20555
20587
20624
20683
207 31
207 47

TBUE.K NUTP
351.8
353.1
3s3.3
354.1
358.7
361.4
3s9.8

HTP
621 -O
623.O
624.O
625-O
633.O
638. O
635.0



474

s12.9 F.LOW PÀTTERN : BUBBLE-F.ROTH

MG= 2.83 OFLU}(: a268 NUTP=36O.3 HTP= 636 PDT= 7'772

6.919 ÀLErÀ-o.14o wE= 12647.00 TOUT(ME,AS)= 76.6,76-6

I NLET
OUTLET
MEAN

lnEST

ML=

PDF=

I NLET
OUTLET
MEÀN

TEST

ML=

PDF:

TEST

ML=

PDF=

NO:

7196

NO:

7 196

21 .
22-

z
2.O
4.5
7.5

11.o
16.5
21 .O
22-5

5.7 4
5.88
6.04
6 -24
6.60
6-91
7. 03

z
2.O
4.5
7 -5

11.O
16.5
21 -O
22.5

o
5
5
o
5
o
5

TMI X
75.5
76-2
75.9

RESL
2041 4
2057 6
20495

RESL
20436
20462
20494
20531
20s90
20638
20654

TMI X
7 6.7
77.4
77.1

RESL
20693
208s6
20774

RESL
20716
207 44
20778
20818
2088 1

20932
20949

TMIX RESL
77.4 20849
78.1 21012
77.7 20930

RESL
2087 1

20899
20932
209-7 1

21 032
21083
21 099

vsG

RESG
3460. O

3456.7
3458.5

rBULK
75 .6

TE}ULK
7 6.4
76-9
77.1
77 .3
77 .5
77.7
77.8

PRG
o.709
o.709
0.709

vsL
30.234
30. 199
30. 197

RESG
2118.O
2116.O
2117.O

P
35.s
27 .7
31.6

P
41.8
33.3
37 .5

PRL
6A .7
67 .9
68. 3

TWÀLL
88. I
88.9
89. O

89. 1

89-2
89.3
89-4

PRL
67 -A
67.O
67 -4

PRG
o.709
o.709
o.709

\¡SL
30 .234
30. 195
30. 193

vsG
3.80
4.84
4.30

vsG
5.54
7. 08
6-34

vsG
7 .34
9.17
a .23

NUTP
355.1
356.4
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