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Abstract

An experimental investigation was conducted on laminar free
and forced convective flows of highly viscous fluids (ethylene glycol-
water mixtures) through a horizontal semicircular duct with uni-
form heat input axially and with fully developed velocity profiles at
the onset of heating. Pressure drop measurements and local mea-
surements of temperature were made to determine friction factors
and Nusselt numbers for fluids with Pr=100 and 20. Mass flow
rates and heating rates were varied to cover a range of Reynolds
numbers from 150 to 250 over a range of modified Rayleigh num-
bers from 3.5x10°% to 4.3x107. For Ra=4.3x107 (for example), test
results showed that fully developed Nusselt numbers for Pr=100
were about 15% greater than for Pr=20 (for the same Re). Mean-
while, pressure drops for Pr=100 decreased by about 2% relative

to those for Pr=20.
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Nomenclature

A = cross-sectional area of circular sector duct, ¢ R3
Ap = cross-sectional fluid area

A = inside heated wall area

Cp = specific heat at constant pressure

dP/dX = axial pressure gradient

Dy, = hydraulic diameter, 20 /(1 + ¢)

D;, Dy = inside and outside diameters of the duct

f = Fanning friction factor, Dy(—dP/dX)/(2pW?)

g = gravity

Gr = Grashof number, Gr = Bgp*DiQ;/p*k A

H1 = uniform axial heat flux with uniform peripheral temperature
H?2 = uniform axial and peripheral heat flux

h = convection coeflicient

k = thermal conductivity of fluid

L = total heated length

m = mass flow rate

Nu = peripherally averaged Nusselt number, Nu = hDj /k
Nu,; = local, but peripherally averaged, Nusselt numbers

Nugay = (Nugy+ Nugp)/2

vil



P = total thermodynamic pressure
AP = pressure drop across the heated section
Pr = Prandtl number, pc,/k

= heat gain by the fluid

= electric power input

= radius of the duct

Rayleigh number, Ra = GrPr

= Reynolds number, Re = pW D/
= cross-sectional mean axial velocity
= thermal expansion coefficient

= density

= dynamic viscosity

TS S YOO
I

= half the apex angle of a circular sector duct

viii



Chapter 1

Introduction

‘The rapid developments within the body of scientific knowledge
called heat transfer represent a phenomena encountered through-
out science and technology. Heat transfer has reached widely to
many fields and brought interests to some areas due to the fast-
developing technology. One of these areas is the study on noncir-
cular duct heat transfer, and it has interested a growing number
of investigators for some time. One reason for this is certainly the
wide range of engineering applications from nuclear power plants
to automobile radiators. Another reason is connected with the
fact that at first glance one is tempted to consider noncircular duct
flow and heat transfer processes as simple extensions of the classi-
cal round tube problem. Closer analysis, however, indicates that
the situation is the other way around: the round tube is actually
a very special case of the more general noncircular duct problem
and any attempts to proceed from the circular to the noncircular
shape is historically correct but fraught with many difficulties and

pitfalls.



In this study, efforts were made to investigate the Prandtl
number effects on laminar combined free and forced convection in
a horizontal semicircular duct for the following reasons:

1. Iree convection effects, which are induced by buoyancy
forces due to temperature difference, can cause the heat transfer
mechanism to be significantly different from its pure forced convec-
tion condition. The study of the combined results of both forced
and free convection is an attempt to approach reality since free
convection always exists as soon as temperature gradients appear.

2. Iree convection effects are perceived much stronger in
laminar flow than in turbulent flow relative to pure forced convec-
tion for the reason that turbulent diffusion will decrease tempera-
ture gradients and hence reduce buoyancy effects. For the purpose
of observing free-convection effects, laminar flow was chosen in this
investigation.

3. The last but not least important reason is the fact that
high Prandtl number effects on free-forced laminar combined flow
for a semicircular duct, so far, has not been studied by other inves-
tigators. It is believed that this study would facilitate the process
of further understanding of the problem. As well, some fluids
with high Prandil number are actually used in industry such as
in the manufacturing and nuclear power generation areas, either
as products or working fluids. A broader knowledge of their ther-
modynamic effects could benefit dealing with these fluids in the

design and research areas.



In conclusion, it is believed that the results of the present in-
vestigation will contribute to our understanding of combined lam-
inar convection heat transfer in semicircular ducts in particular

and non-circular ducts in general.



Chapter 2

Literature Review

Since the present study is concerned with information on
flow and heat transfer of combined laminar free and forced con-
vection for a semicircular duct with high Prandtl number fluid, a
brief review of the research efforts done in this area is conducted
here. However, due to the relatively small size of the literature on
this topic, the review also surveys some previous works that are,
to some extents, relevant to the current study.

'The review is focused on the following two aspects:

1. Laminar free and forced flow through a horizontal semi-
circular and circular ducts.

2. The impacts of highly viscous fluids, or high Prandtl
number fluids, on the characteristics of flow and heat transfer

mechanism.
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2.1 Combined free-forced flow

2.1.1 Thermally and hydrodynamically fully developed
flow in horizontal circular tubes

For circular tubes, it has been realized that heat transfer in
combined convection can be significantly different from its val-
ues in both pure free and pure forced convection. Temperature
variations in the fluid lead to the possibility of counterrotating
transverse vortices that are superimposed on the streamwise main
flow, which is secondary flow and it can increase the heat trans-
fer significantly, because increased free convection effects near a
heat transfer wall cause more cold fluid to be drawn to the wall,
thereby increasing the heat transfer[1]. Also, free convection can
cause the change of thermal development length. It has been no-
ticed that peripheral variation of heat transfer can also result from
secondary flows which are frequently present in combined convec-
tion in horizontal tubes. For a horizontal circular tube at uniform
wall temperature, the circumferential Nusselt number can differ
by as much as a factor of 4, with the maximum occuring at the
lowest point and minimum at the highest point on the circum-
ference of the tube. This problem has been discuss by Yousef
and Tarasuk [2] for uniform wall temperature and by Bergles and
Simonds [3] for uniform heat flux. Some experimental works of
uniform heat flux of different fluids were recorded concerning air
[4, 5], water [3, 6, 7, 8], and ethylene glycol [9, 10]. For ethylene
glycol, the studies in the range of Re=6 to 300, Gr=0 to 22400,



Pr=26 to 500, and Gz=3 to 4800 show that the Nusselt number
and pressure gradient are functions only of the Gractz number and
the wall-to-bulk viscosity ratio for both the hydrodynamically and
thermally developing and fully developed flow regions [9]. With
water in fully developed flow, it was shown that the heat transfer
coefficients can be 3 to 4 times the pure forced flow values [10].
Large variation in the peripheral temperatures are present with
gas flows when the tubes are uniformly heated, and heat transfer
is higher than the pure forced flow value when Reynolds number is
large [11]. For uniform heat flux, Morcos and Bergles [12] obtained
empirical correlations for the Nusselt number by using the corre-
lation technique recommended by Churchill and Usagi [13]. Their
experimental study was conducted using electrically heated glass
and stainless-steel tubes, with distilled water and ethylene glycol
as working fluids. It is found [12] that circumferentially averaged
Nusselt number, which is independent of axial distance,depends on
the thermal boundary condition imposed and hence on the type

of tube employed.

2.1.2 Thermally developing flow in horizontal circular
tubes

Ou and Cheng [14] solved the problem of combined free and
forced convection in the thermal entrance region of horizontal
ducts theoretically by using a modified stream function. Their
results indicated that, for axially uniform heat flux, the secondary

flow first grows and then decays. Near the tube entrance, the
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isotherms are nearly concentric circles, but further downstream,
the isotherms near the bottom of the tube become distorted as
the local heat transfer deteriorates in the lower region.

Some empirical correlations were obtained for thermally de-
veloping combined convection with hydrodynamically fully devel-
oped flow at entrance in horizontal heated tubes. For uniform
wall temperature and using water, ethyl alcohol and a mixture of
glycerol and water, Depew and August [15] generalized the cor-
relations of Oliver [16] and Brown and Thomas [17] for locally

averaged Nusselt numbers.

2.1.3 Combined semicircular duct flow

Previous studies by Lei and Trupp [18, 19, 20] on laminar
combined free-forced flow in a horizontal semi-circular duct has
been conducted experimentally and analytically. Numerical pre-
dictions were carried out using the modified SIMPLER algorithm
for fully-developed laminar combined convection in a horizontal
semi-circular duct. As well, combined convection flow and heat
transfer were experimentally investigated in the thermal entrance
region of the horizontal semi-circular duct with uniform heat flux
axially. It was shown in the experimental data that considerable
circumferential variations occurred in wall temperatures, which
would otherwise be uniform without free convection effects in the
same running conditions, a factor of more than two for friction fac-

tor increase, and a factor of more than five was observed for heat



transfer enhancement. Furthermore, the onset of thermal instabil-
ity was discovered to advance with increasing Grashof number and
with decreasing Reynold number. A conclusion was inferred that
increasing Grashof number augments flow resistance and greatly
enhances heat transfer. In these previous experimental results,
distilled water with Prandtl number ranging from 5-9 was used
as the working fluid. Therefore, these results have not provided
much information on the impact of highly viscous fluid on the flow

and heat transfer inside a semicircular duct.

2.2 Effects of Viscous Fluid

For most liquids, the specific heat, thermal conductivity and
density are nearly independent of temperature, but the viscosi-
ty decreases markedly with increasing temperature. The Prandil
number of liquids varies with temperature in much the same man-
ner as the viscosity. The impacts of highly viscous fluids on com-
bined free and forced flow in ducts of different geometries have
been studied by some investigators [21, 22, 23]. So far, to the
knowledge of the writer, there is no information available for the
semicircular duct. Since similar features to the circular duct are
expected for the semicircular duct, it is believed that a brief re-
view of the behaviour of highly viscous fluids for circular duct
could serve as a guide for understanding the semicircular duct.

The pioneering work on viscosity effects dates back to the



experimental work of McAdams [24]. Deissler [25] carried out a
numerical analysis for laminar flow through a circular duct at con-
stant heat flux boundary condition for liquid viscosity variation
with temperature, and it has been widely used to correlate ex-
perimental data for laminar flow. Yang [26] obtained the solution
for both constant wall heat flux and constant wall temperature
boundary condition, and he concluded that the effect of thermal
boundary condition is small and the influence on the friction co-
efficient is very substantial. He also found that the correction for
variable properties is the same for developing and developed re-
gions. Shannon and Depew [27] and Joshi and Bergles [28] carried
out similar analyses for the constant heat flux boundary condition,
and produced similar correlation to that of Deissler [25], but their
predictions differ from Yang’s, particular in the entrance region. A
simpler empirical correlation has been proposed by Sieder and Tate
[29] to predict the mean Nusselt number in a circular duct at con-
stant wall temperature. Some other investigators have proposed
alternative correlations for specific fluids. Oskay and Kakac [30]
performed experimental studies with mineral oil in laminar flow
through a circular duct under constant wall heat flux boundary
condition. Kuznetsova [31] made experiments with transformer oil
and fuel oil. Test [32] conducted an analytical and experimental
study of heat transfer and fluid flow behavior for laminar flow in
a circular duct for liquid with viscosity varying with temperature.

The publications dealing with viscosity effects generally have



not treated the influence of buoyant forces and vice versa. Among
the papers on free convection effects in forced flow, only a few
have examined the problem in a horizontal tube with uniform flux.
When a uniform wall-temperature boundary condition is imposed,
the heat flux is the dependent variable and responds to the free-
convection circulation by increasing. The higher heat flux brings
the bulk of the fluid to the wall temperature more quickly, and the
free-convection contribution is self-eliminating. This situation is
contrary to the imposed wall flux case where the wall temperature
is reduced by free convection but must be maintained at some level
above the fluid temperature providing a driving force for circula-
tion consequently, the free-convection contribution is maintained.

It is hoped that some key features about free convection
in circular ducts and high viscosity effects have been highlighted
through this brief review. In the remainders of this thesis, the

impact of these two factors is investigated in a semicircular duct.
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Chapter 3

Experimental Facility and
Procedures

The objective of the experiments was to investigate Prandtl
effect on combined laminar convection for a semicircular duct.
opecifically, experiments were run to determine the heat trans-
fer and pressure drop characteristics, which are expressed by both
local and fully developed Nusselt number and by friction factor.
The experimental facility was previously designed for exploring
buoyancy effect on laminar water flow and heat transfer in the
thermally developing and fully developed regions of a horizontal
semicircular duct. In the current investigation as in previous in-
vestigations, uniform heat input axially was chosen as the thermal
boundary condition. No special attention was put on the verifica-
tion of the phenomenon of flow bifurcation due to limitations of
the experimental apparatus.

The single symmetric orientation of the duct with the flat
surface up and circular surface down, was chosen for the experi-

ments. This should provide an indication of Prandtl effect for any
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orientation. In any case, the effect of Prandtl number for other
orientations of the duct are left to future investigations.

For the experiments of low Prandtl number fluid, distilled
water was selected as the working fluid. For all those experiments,
Prandtl number averaged about 5. For the experiments of high
Prandtl number, solutions of ethylene glycol were chosen as the
working fluids. Under the temperature range of the experiments,
concentrations of the solutions were decided upon which gave the
required values of Prandtl number of 20 and 100.

Thus, throughout the whole experiments , only the orien-
tation with flat surface up and circular surface down and Prandt]
numbers of 5, 20 and 100 were studied .

In summary, power input, temperature ( both wall and fluid
bulk ) and pressure drop measurements were made so as to deduce

the following main characteristics:

a) Local circumferential temperature variations of the duct wall
at a cross-section, which indicate the significance of buoyancy

effects for different Prandt] numbers.

b) Fully developed friction factors for the working fluids with

different Prandtl numbers under different rates of heating.

c) Axial variations of the local average Nusselt number along
the heated section and fully developed Nusselt numbers at
different Reynolds and Rayleigh number for the fluids with

different Prandtl numbers.

12



d) Comparison of the experimental results to the previous nu-

merical predictions by Lei [20] whenever possible.

All dimensions for the semi-circular duct used in the test

section are listed in Table.l.

Table 3.1: Detailed dimensions of test section

Inside diameter
D; (mm) 49.76
Outside diameter
D, (mm) 53.98
Hydraulic diameter
D, (mm) 30.40
Cross-section fluid area
Ap (em?) 9.7229
Inside heated wall area
Ay (m?) 0.5997
Cross-section solid area
A, (em?) 3.4311

3.1 Preparation of working fluids with high Prandtl
number

3.1.1 Range of Prandtl number

A main objective of the investigation was to study the effect

of Prandtl number on pressure drop and heat transfer. Previous

13



experimental work [20] was conducted using distilled water, which
had Prandtl numbers ranging from 4.0 to 6.5 under the earlier
experimental conditions. As a result, working fluids with Prandtl
numbers other than this range have to be tested under similar ex-
perimental conditions in order to observe the impact of Prandtl
number on pressure drop and heat transfer. After due consider-
ation, working fluids with Prandtl numbers of 20 and 100 were
selected. In this way, a recasonably wide range of Prandtl num-
ber from 5 to 100 with 20 in between would be covered in the

experiments and the effects of Prandtl number could be observed.

3.1.2 Selection of working fluids

In the process of choosing appropriate working fluids, the top
priority was to use some fluids with high and stable values of
viscosity under test conditions. Much attention had been put on
hydrocarbons and their solutions. As a result, it was found that
ethylene glycol and its aqueous solutions would reasonably well

meet the requirements. Details and considerations were as follows:

a) High Prandtl number. 90% ethylene glycol and 10% distilled
water by weight, has the value of Prandtl number around 100
at a temperature about 40°C, while the solution of 70% cthy-
lene glycol and 30% distilled water by weight, has the value
of Prandtl number around 20 at the same temperature. The

experiments were run in the vicinity of the noted temperature.

14



b) Ethylene glycols have been major products for many years,
and their physical properties have been extensively studied.
Especially, since ethylene glycols are generally encountered
diluted in water the properties of its aqueous solutions are
available in many literature references. This greatly facilitates

the process of data reduction for the tests.

c¢) Ethylene glycol is one of the basic products of chemical indus-
try and widely used in other fields. Most of ethylene glycol
products go into antifreeze, as well as into plasticizers and

solvents.

3.1.3 Viscosity measurement of ethylene glycol solution

Although values of property for ethylene glycol and it solutions
are available from the literature, it was still necessary to have first-
hand information about values of viscosity for solutions of different

concentration for the following reasons:

a) 90 % and 70 % ethylene glycol were produced in the lab by
mixing (by weight) 90% ethylene glycol with 10 % distilled
water and 70 % ethylene glycol with 30 % distilled water,
respectively. Due to the uncertaintics of both human perfor-
mance and equipments during the operation of mixing, per-
centage errors of solutions were assumed unavoidable. As a
matter of fact, the percentage errors were found to be within
3% for both solutions. Fig.3.1, Fig.3.2 and Fig.3.3 show the

changes of Prandtl number versus temperature and various

15



concentration of different solutions .

b) After checking the property table of ethylene glycol and its
solutions, it showed that most properties, such as density,
specific heat and thermal conductivity, do not vary signifi-
cantly within a 3% error band with concentration at fixed
temperature. Hence their values at any required temperature
could be interpolated from published values without losing
much accuracy. On the other hand, viscosity was found to be
extremely sensitive to both temperature and percentage con-
centration. Iven a small percentage error of concentration
would cause significant deviation for the values of viscosity.
Accordingly, accurate measurement of viscosity for the solu-
tions was crucial, since viscosity values would have a direct

effect on Prandtl number values.

Measurements of viscosity values for 90% and 70% ethylene
glycol were conducted by using a viscometer (FISHER 13-616E),
strictly following the procedures suggested by the manufacturer.
Measurement were made at the temperature range that aqueous
solutions would go through during the experiments. For both 90%
and 70% ethylene glycol solutions, it was found that measured
values of viscosity were within about 7% of those viscosity values
provided by Gallant [33]. All the measured values of viscosity be-
came property input of the computer program for data reduction,

and they are listed in Appendix A.

16
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3.2  General description of the experimental
set-up

A schematic diagram of the experimental set-up is shown in
Iig.3.4. A tank of 200-liter capacity was used for collecting the
test fluid. The tank was insulated by a 25-mm layer of fiberglass.
A 2-horsepower centrifugal pump was used to circulate the working
fluid in the system. The working fluid was pumped from the tank
and passed through a filter preventing any solid impurities from
being circulated into the system. A by-pass line controlled by two
valves was constructed to adjust flow rate and pressure level in the
system.

For the system, the test section consisted of a hydrodynam-
ic entry length followed immediately by a heated section in which
all pressure drop and heat transfer measurements were conducted.
The total length for the test section was 8.5 meter, of which 3.8 m
was used as a hydrodynamic entry length. Pressure drop measure-
ments were taken across a length of 4.7 m, which was uniformly
heated by electrical wire wrapped around the duct.

Thermocouple stations were set along the test section to
measure wall temperature. A thermocouple was used to measure
the upstream bulk temperature immediately ahead of the hydro-
dynamic entry section. After passing through the test section, the
working fluid flowed into a mixing chamber forcing the fluids to
mix uniformly before the downstream bulk temperature was taken.

The working fluids were then introduced to two heat exchangers

20
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and cooled to the initial temperature.

After the fluid was cooled it passed through a flowmeter
measurement station where a combination of 3 variable area ro-
tameters of different ranges made by Fisher and Porter are used.
The flowmeters are connected in parallel so that one or two, or
three could be operated depending on the flow magnitude. The
smallest flowmeter had a maximum capacity of 18 cm3/s, and the
largest one had a maximum capacity of 70 cm?®/s. The flowmeters
were calibrated beforehand. If not needed, the flowmeters could be
by-passed. After flow measurement, the working fluid then flowed

back to the accumulating tank.

3.3 Detailed description of experimental facil-
ity

3.3.1 Heated section

Fig.3.4 and Table 1 show the dimensions of the test section.
Two pressure taps were installed before and after the heated sec-
tion, respectively. Lead lines from each pressure station were con-
nected to a pressure transducer with adjustable range of 0 - 50.8
mm of water up to 0 - 152.4 mm of water. The transducer was
manufactured by Rosemount Inc., model no.1151DP, and excited
by a D.C power supply with a 0 - 100 mA and 0 -120 V ranges.

The transducer output in mA was measured by a digital multime-
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ter. An analog computer, Macsym 2, was employed to receive the
transducer outputs and to average the pressure readings.

For the 4.7 m long test section, the wall temperatures were
measured at 19 axial stations (see the experimental results in Ap-
pendix for exact locations). At each station, there are three[ two
at the top flat surface and one the bottom,see Fig.3.4 for exact
locations], 24 gage, copper-constantan thermocouples attached to
the wall. In addition to that, eight thermocouples were mount-
ed on the duct wall just before and after the heated section for
estimating heat conduction losses along the duct ends. All the
recorded data are shown in the Appendix.

The axial locations of the measuring station were designed
in such a way that more thermocouples were assigned in the en-
try region of the heated section , and as the distance from the
beginning of heating increased, thermocouples were allotted more
sparsely. Along the last one - third of the heated section, more
stations of thermocouples were set up for the purpose of watching
buoyancy effects on the streamwise main flow. For each thermo-
couple location, a small copper tube or well of 2.5 mm diameter
was soldered onto the duct wall for the installation of a thermo-
couple.

For the construction of the heated section, before a thin
dielectric tape was wrapped around the duct, a thin layer of insu-
lating varnish (dielectric strength of 2000 volts per one-thousandth

inch) had been sprayed on the outside of the wall. Then two pai-
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alle] lines of electric resistance wires, which had a total resistance
of 6.61 ohms, were wound tightly around the duct. Uniformity
had been tested and indicated that this wrapping resulted in a
maximum nonuniformity error of 6% relative to its mean value.
For the final touch, the duct was coated with cement of high ther-
mal conductivity at high temperature to fix the position of wiring
and distribute input heat uniformly. This layer of cement was
then covered by a 25 mm layer of fiberglass insulation to largely
eliminate external heat losses from the test section.

A 2000 V.A. isolation transformer and a power variac were
used to control the power supply to heating. This impact power
was measured by a digital watt-meter. The input voltage and cur-
rent, were displayed in a voltmeter and an ammeter, the accurate
readings was obtained by a digital multimeter as well.

All thermocouple outputs were measured by a digital poten-
tiometer in °F. The input voltage and current were displayed in
a voltmeter and an ammeter, the accurate readings was obtained
by a digital multimeter as well. A thermo-electric heat flux trans-
ducer (IHeatprobe, model HA-100, range of 0.3-300 W/m? ) was
used at the different locations for estimating the heat conduction
losses through the insulation.

A specially designed bed was used for supporting the test
section and the horizontality of the duct was checked. The duct
was carefully connected to the test loop and calibrated thermo-

couples were installed into the wells prepared before and attached
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to the wall. Each well was then filled with a high thermally con-
ductive paste ( Omegathrem 201, k=125 w/mK ) and sealed with
solid epoxy to keep the paste always in good contact with the duct

wall.

3.3.2 Mixing chamber

The purpose of the mixing chamber was to mix the working
fluid properly at the exit of the heated section. The chamber had
a diameter of 60 mm, and a length of 200mm. A thermocouple
filled with high thermally conductive paste ( k=125 W/mK ) was
used to measure the downstream bulk temperature using 24 gage
copper-constant constant thermocouple. Two grids were fixed at
both ends of the chamber with several inclined holes to create a
vortex in the chamber. This vortex mixes the fluid thoroughly so
that a uniform temperature is reached around the thermocouple
well.

Since the vorticity generated within the mixing chamber
depends upon the flow velocity of the fluid, at very low flowrates
(low Re ) the mixing chamber had to take longer period of time

to have the whole system stablized for each run.

3.3.3 Heat exchangers

Two 1.5m long, counter-current, double-pipe heat exchangers
were used to cool the test fluid back to the initial temperature.

The inner tube had an inside diameter of 12.7 mm and an outer



diameter of 15.9 mm. The outer tube had 19.0-mm inside diame-
ter, and 22.2-mm outside diameter. The test fluid was flowing in
the annulus and the cooling fluid was flowing in the inner tube.
The heat exchangers were connected in series by a set of valves.
By changing the opening of the valves, the flow could be directed
to only one or both exchangers depending on the required heat
duty. These heat exchanger were essential for the establishment

of steady-state condition.

3.4 Experimental procedure
3.4.1 Calibration

To detect any errors in the wall thermocouple readings due to
the method of attaching the thermocouples to the wall, as well
as the changes of running condition for new working fluids, all
the thermocouples were recalibrated again. All these thermocou-
ples have been calibrated after being attached to the wall for the
previous experiments. The following procedures were followed for

calibration:

a) The flowmeters and heat exchangers were isolated from the

system by adjusting their bypass lines.

b) The bypass line of the test fluid circulating pump was shut
down completely, thus forcing the maximum flowrate to be

circulated in the system.
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c) No heat was added in the test section. Thus, it was possible to
assume that the upstream and downstream bulk temperatures
as well as all wall temperatures were equal since the heat

losses from the test section were minimized by the insulation.

d) The water in the accumulating tank was controlled at the tem-
perature of 70°F by circulating the city water coolant through

the heat exchanger.

e) Operation was continued until steady state was reached, which

was indicated by the consistency of all thermocouple readings.

f) The upstream and downstream bulk temperatures along with

all wall thermocouple readings were recorded.

Steps d,e,and f were repeated for the temperature range 40-
80°C' expected to be covered during testing.

All the readings at each wall thermocouple and the corre-
sponding bulk temperature were used to generate a calibration
formula which was used to correct the readings of that particular
thermocouple during the heat transfer tests in the program of data
reduction.

All other measuring devices such as the flowmeters, and the
pressure transducer were calibrated as well. The pressure trans-
ducer was calibrated at room temperature using a water - column

manometer, a multimeter, and an analog computer.
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3.4.2 Heat transfer tests

A similar procedure was followed for each mixture of different
Prandtl number. Two flowrates were selected within the laminar
flow range for each mixture. The Reynold numbers of the two
flowrates were about 150 and 250, respectively. At each flowrate,
several test runs were conducted corresponding to different input
power to the heated section, creating a Rayleigh number ranging
from 3.5 x 10% to 4.3 x 107.

For each run, corresponding to a certain flowrate and a cer-
tain power input, at least a period of time of 5 hours was needed
to have a thermal equilibrium established, for which steady state
conditions were indicated by the constancy of all thermocouples,
flowmeters and pressure - transducer readings. Then, the following

data were recorded:

1) Upstream and downstream temperature.
2) All wall thermocouples readings.

3) Electrical input power in watts.

4) Pressure - transducer readings.

5) Flowmeter readings of the fluids.

Meanwhile, heat conduction losses through the insulation
were measured by attaching the thermal electric heat flux trans-
ducer on the insulation at a number of axial locations.

Steps for determining the reference pressure were:
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a) Shut-off power to the pump.
b) Terminate input power to the heated section.
¢) Record the pressure transducer readings for over 10 minutes.

d) Determine the reference pressure at which the pressure trans-
ducer would have given zero output if it had been calibrated

under the condition.

3.5 Data Reduction
3.5.1 Data selection

The recorded data were fed to a digital computer to be reduced.
A FORTRAN computer program was prepared for this purpose;
the program is listed in the Appendix. The program accommo-
dated the tables of thermophysical properties of mixtures of fluids
with different Prandtl numbers for interpolating any property val-
ues at any required temperature. A procedure of taking account of
heat conduction dissipation along the longitudinal duct at the be-
ginning and the end of heating was followed in the program. This
procedure was necessary to correct the upstream and downstream
bulk temperatures. Once these were established, the bulk temper-
ature variations along the duct were assumed to vary linearly with
distance between the two values of inlet and outlet temperature.
The rate of heat gained by the test fluid Qf was calculat-

ed and then compared with the electric power input Q.. Only
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those data with an overall energy balance error within 4+ 9% were

accepted.

3.5.2 Parameter Definition

For the computation of flow and heat transfer characteris-
tics, it is necessary to defined key parameters appearing in the
calculation. In this research they are:

1) Reynold number:
Dy

Re 3.1
. (3.1)
2) Fanning friction factor:
AP -Dy-p- A},
= 3.2
f 2L - i? (3:2)
3) Grashof number:
B-g-p*-Di-Qy
Gr = : :
7 A, (3.3)
4) Rayleigh number:
Ra =Gy - Pr (3.4)
5) Local Nusselt number:
hs; i 'Dh Qf'Dh
Nug; = o = 3.5
Yo E Aiw k- (t;}:,j ”‘ tm,m) ( O)

where j refers to one of the three thermocouples of each cross -

section at distance x.
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Also local and peripherally averaged Nusselt numbers :

Qf - Dy,
Ai,w k- (E - ta:,m)

Nu, = (3.6)

by averaging the peripheral wall temperature ¢, ;, and alterna-
tively:

——— Qy - Dy
BT Ak (g — o) 37

by averaging the peripheral heat transfer coefficients A, ;.

Experimental uncertainties in the experimental were con-
sidered. Reynold numbers and Rayleigh number are estimated to
be correct within 4% and +15%, and friction factor and Nusselt
number are estimated to be within +8% and £17%, respectively.
A maximum difference of £3% between the fluid heat flux and the

input flux on the outer surface of the duct is estimated as well

[20].

3.5.3 Brief outline of computer program

A computer program for experimental data reduction was writ-

ten and the followings are the highlights of the program:

1) All wall thermocouples were corrected according to the formula

develop for each one by the calibration process.

2) The rate of heat gained by the fluid was calculated as :

Qf =m - Cp(Tmu’ - j}:z) (38)
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3) The percentage deviation between the electrical power supplied

and the rate of heat gained by the fluid was calculated as

E = {(Q. - Q)/Q.} x 100 (3.9)

As already noted, runs with more than 9% heat balance error
were rejected. As a matter of fact, most of the runs had values

of error within 6% .

4) Knowing the wall cross-sectional arca and the wall thermal
conductivity, the rate of heat conducted axially at both ends

of the test section was calculated.

5) The inlet bulk temperature at the beginning of the heated
of the heated section was evaluated by adding the amount
of increase in the bulk temperature due to the axial heat

conduction to the upstream bulk temperature.

6) The outlet temperature was evaluated as in the above step,
except that the bulk temperature difference due to the axial
heat conduction in the wall was subtracted from the down-

stream bulk temperature.

7) After the inlet and outlet bulk temperatures were evaluated,
a straight line was fitted between them, and the local bulk
temperature was evaluated at each measurement station of

wall temperature.

8) At each station the difference between the average wall tem-

perature and the bulk temperature was evaluated and used
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to calculate the local Nusselt number.

9) Local Reynolds, Rayleigh, and Prandtl numbers were evaluat-

ed at each station based on the local bulk temperature.

10) Mean values of Reynolds, Rayleigh, and Prandt]l numbers

were evaluated at the average bulk temperature.

11) The average, diabatic friction factor was calculated based on

the pressure drop through the heated section for each rumn.
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Chapter 4

Results and Discussion

The experimental results are discussed in this chapter. All the
data are from the 12 runs for Pr=100 and 12 runs for Pr=20.
Discussions are made on the results of pressure drop with heat-
ing, local and fully-developed Nusselt number and the axial and
circumferential variations of wall temperature. Comparison with
predictions and other information are presented whenever possi-
ble. Experimental runs were completed for Re ranging from 150
to 250, and Ra ranging from 3.5x 10° to 4.3x 107, where all the
corresponding fluid properties were evaluated at the average of
the upstream bulk temperature and downstream bulk tempera-
ture. More details on the ranges of the parameters of the running

conditions are listed in the following table.
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Table 1: Detailed Running Conditions

Mass flowrate
e (g/s) 47.2 - 88.1
Heat input
Q. (KW) 0.12 - 1.12
Heat intensity
Qs/ A ( KW/mm?) 0.2 -1.86
Reynold number
Re 150 - 250
Grashof number
Gr 3.5x 10* - 4.3x 10°
Rayleigh number
Ra 3.5x 10°% - 4.3x 107
Prandtl number
Pr 20 and 100

As mentioned previously, viscosity of aqueous solutions of
ethylene glycol are extremely dependent on temperature variation.
The temperature rise of the working fluid when it passed through
the heating section had to be controlled in order to maintain the
Prandtl number at the required average value. For each combi-
nation of Reynold and Rayleigh numbers, the inlet bulk temper-
atures were controlled not to exceed 26°C while the downstream
bulk temperatures ( outlet temperature ) were controlled not to
exceed 50°C.

It has been shown that critical Reynold number for semi-
circular duct is about 2100. Due to the facility limitation, the
maximum Reynold number achieved was as high as 250 in all cur-

rent experiments. This value is well below the critical value of
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2100 and thus all the runnings were within the laminar region.

4.1 Temperature Variation

Discussions on both axial and peripheral wall temperature dis-
tribution are made separatively in the following sections. Axial
temperature distribution can show the onset of significant free con-
vection effect for the range of heating rate for Pr=100 and Pr=20
for this particular geometry. Peripheral temperature distribution
will demonstrate the significance of free convection effects on the

different locations at certain sections for Pr=100 and 20.

4.1.1  Axial wall temperature distributions

Two sets of readings of axial wall temperature distribution are
shown in Figs.4.1 to 4.4 regarding the two different Prandtl num-
bers. Iig.4.1 and Fig.4.2 are the wall temperatures of Pr=100, and
Fig.4.3 and Fig.4.4 are the wall temperatures for Pr=20. For each
Prandt]l number, two levels of Reynolds number had been run for
each heating condition. Altogether, there are 12 tests for Pr=100
and 12 tests for Pr=20 in the experiments; the detailed data of
those tests are shown in the Appendix. Temperature readings at
the semicircular bottom for each axial location are displayed for
the current duct orientation. Some features observed are:

1. It is seen from each figure that free convection effect starts
building up gradually as soon as the heating started, but this effect

remains insignificant in the early part of the thermal entry length
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which vary depending on Pr. The indicator showing the end of
the thermal entry length is immediately following the small dip in
temperature rise in each figure. This is due to the fact that free
convection effect takes some certain length to develop before it can
manifest itself. The thermal entry length was found to be about
130 cm from the onset of heating for Pr=100. Similar trends are
observed for Pr=20, where the thermal entry length was about 75
cimn from the onset of heating.

2. For both Pr=100 and Pr=20, experimental data shown
that Reynolds number is not an very influential fact affecting the
axial temperature distributions. Although only two basic Reynold
numbers of 150 and 250 were tested, the experimental results coin-
cide with the results from Lei’s experiments, where a weak Reynold
number influence for this particular geometry was recorded as well.

3. The significance of free convection effects are seen after
the thermal entry region, which is indicated by seeing that tem-
perature difference between wall and bulk have been depressed by

the induced free convection for both cases of Pr=100 and 20.

4.1.2  Peripheral Distribution of Wall Temperature

Peripheral variations of wall temperature among the three lo-
cations of thermocouples are shown in Figs.4.5 to 4.10. Temper-
atures t, and t; are the two wall temperatures at the flat surface
and values of t, are the temperatures at the bottom of the semi-

circular part. Some features from the observation of these figures
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Figure 4.1: Axial wall temperature variation for Pr=100 and Re=150
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Figure 4.2: Axial wall temperature variation for Pr=100 and Re=250
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are:

1. For both Pr=100 and 20, values of t, and t; are closely
equal to each other under all different running and heating con-
ditions. In relation to secondary flow, this indicates a symmetric
two dimensional flow about the vertical center plane of the duct.
Furthermore, it indicates that this pattern of flow is independent
of the Prandtl number of the working fluid inside the semicircular
duct. N

2. For both Pr=100 and 20, temperature readings of t, at
the bottom of duct are considerably lower than those of t, and t;
except for the region near the entrance. As mentioned previously,
free convection effects are not significant in the early stage of entry
region, and therefore the temperature difference between the top
and bottom which is induced by the buoyant movement of fluids
is negligible.

3. For the run of Pr=100, and average difference between
tq (or t;) and t. is about 0.3°C for the lowest heating rate of
Gr=4.1x10%, and this difference is about 2.0°C for the highest
heating rate of Gr=3.4x10%. This indicates that higher heating
will comparatively intensify the free convection effects and cause
wider temperature difference between the top and the bottom.
The similar pattern is also observed from the results of Pr=20,
where temperature difference between t,(or t;) and t, is about
0.1°C for the lowest heating rate and about 1.5°C for the high-

est heating rate. As a result, it is reasonable to conclude that
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more significant free convection effects exist for the fluid of higher
Prandtl number than that of lower Prandtl number when the same
heating condition are applied to them.

4. The onset of secondary flow caused by free convection
is indicated by the first discernible reduction of t, relative to t,
(or ty). It is found that locations of the onset of secondary flow
are affected by both Grashof number and Prandtl number. But
Reynold number effects are not remarkable in the current running
condition, which is expected for the narrow range of Reynold num-
ber. It is found that the onset of secondary flow is at about x=90
for Pr=100, and at x=60 for Pr=20, therefore it is concluded that
lower Prandtl number brought the onset of secondary flow earlier
than that of higher Prandtl number. As for the Grashof number
effects, there are slight indications that higher Grashof number
slightly moved the onset of secondary flow earlier, which would be
due to the reason that higher heating rate induces more significant

free convection effects.

4.2 Diabatic Friction Factor

This section contains the results of friction factor for Pr=100,
Pr=20 and Pr=>5. The influences of heating and running condi-
tion on friction factor, in terms of Ra and Re numbers, will be
presented and discussed, and Prandtl cffects on friction factor will

be examined as well.
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4.2.1 Calculation of friction factor

The relationship between values of friction factor and Re num-
ber had been studied by Lei and Trupp [18]. It was showed that,
when the fully developed condition was reached, friction factor
values monotonically dropped with increasing Re in the laminar
region. It was also predicted that (fRe)rqo is 15.7668, (fRe) 40
is the product of friction factor f and Reynold number without
heating.

The friction factor and Reynolds number were calculated

based on the hydraulic diameter as follows:

Dy -1
Re = 4.1
T (41)
Di(~AP/AX
f = DHCAP/AX) (12)
2p - W

The diabatic friction factors are subjected to hydraulically fully-
developed condition at the onset of heating. The ratio (fRe)sq/(fRe) a0
will be used, where (fRe)sq is the product of friction factor and
Reynold number under the heating condition. This ratio indicates

the significance of free convection effect.

4.2.2 Reynold Number Effects

The diabatic friction factors in each experimental run were av-
eraged over the heated section. The effects of variable property
were not considered specifically during the reduction of experimen-
tal data for the current study. All the properties were evaluated

at each average bulk temperature. Table 2 and Table 3 are some
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sample results of the product fRe for Pr=100 and Pr=20. It is
shown that fRe values do not vary significantly with Re for each
Prandtl number when different heating conditions were imposed.
The difference shown are all within the error band and they do

not form a consistant pattern.

Table 2: fRe at Re=150 and 250 for Pr=100
Gr fRe for Re~150 | fRe for Re~250 A%
5.0x10% 16.00([{6:150_1) 15.98(5{@:230‘5) nil decr.
1.0)(105 16.03(}38:150_0) 15'92(Re:229.9) nil decr.
3.3x10° | 16.28(pe=168.0) | 16-23(re—pag9y | nil decr.

Table 3: fRe at Re=1

50 and 250 for Pr=20

Gr | fRe for Re~150 | fRe for Rex250 | A%
4.8X104 16.32(38:142_0) 16-52(]33:230.0) 1% incr.
1.0)(105 16.61(}38:147_0) 16.28(3622255) 2% decr.
3.3)(].05 15'51(Re:139.3) 16.38(38:254_4) 5% incr.

Grashof Number Effects

As shown in Fig.4.11, as Grashof number varied from 3.5x 10*
to 4.3x10° for each Prandtl number, the ratio of
(fRe)a/(fRe)sqp increased very gradually. The same trend had
been detected in the earlier study [20]. It is seen that the in-
creases for each Prandtl number are very modest, 0.7% increase
for Pr=100, 0.8% increase for Pr=20 and 1.9% increase for Pr=5.

This change can be explained that as buoyancy effects become



relatively stronger when heating rate increases, more severe dis-
tortion of the axial velocity profile is believed to occur thus causing

the increase of friction factor under the higher heating rate.

4.2.4 Prandtl Number Effects

Prandtl number effects are also demonstrated in Fig.4.11. For
the same heating rate, it is shown that a fluid with higher Prandtl
number has a lower level of fRe ratio. The average decrease of
fRe for Pr=100 is about 2% comparing to fRe values for Pr=20;
and 3% for Pr=20 comparing to these for Pr=5. This could be
contributed to the fact that higher Prandtl number fluid will have
less severe distortions of axial velocity profile than that of lower
Prandtl number fluid due to the difference of viscosity when the
same heating rates are imposed. It is believed that increase of f
values is the result of distortions of the axial velocity profile caused

by the buoyancy-induced secondary flow.

4.3 Heat Transfer Rate

The significance of Reynold, Grashof and Prandtl effects are
demonstrated in the following discussion by introducing the di-
mensionless parameter Nusselt number for both local and fully de-
veloped conditions. To show the free convection effects induced by
external heating on heat transfer rate along the duct, local Nusselt
numbers at different locations are displayed. The Prandtl number

impact on heat transfer rate is mainly demonstrated through the
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average Nusselt numbers for the fully developed section for the

three working fluids.

4.,3.1 Local Heat Transfer Rate

Fig.4.12 shows the distributions of local cross-section average
Nusselt numbers at various axial locations for different Prandtl
numbers each at two mass flow rates and at about the same
Grashof number.

Reynold Number Effects: The effects of Reynold num-
ber on Nu, 4, appeared to be insignificant at current heating con-
ditions for all Prandtl numbers. The change of Reynold number
from about 150 to 250 does not substantially influence the values
of Nugy, with the exception of the area before x=20 and in the
fully developed part especially for Pr=100 ( with a 3-5% change
at the ends), which could be due to the effect of fluid proper-
ty variations. It is believed that Reynold number effect on local
Nusselt number is very limited. Other experimental results and
numerical predication have demonstrated similar trends [20]. It
also has been pointed out that essential independence of Reynold
number in combined convection flow is only true for low and medi-
um heating rates. The insensitivity of Nu, 4, values to the change
of Reynold number in those data is believed to be the results of
both low heating rate and small difference in Reynold nwmber in
the current experiments. Previous results by Lei suggested that

the influence of Reynold number was limited under low and medi-
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um heating rates up to about 3.0x10%. Only the advance of onset
of secondary flow could be detected in those cases.

Grashof Number Effects: Fig.4.13 demonstrates the in-
fluence of Grashof number on local Nusselt number for the working
fluid of Pr=100. Three different Gr numbers at approximately the
same Re number are arranged in the figure. It is noticed that heat
transfer rate has been enhanced noticably by increasing Gr num-
ber. Other similar trends have been found for Pr=20 and Pr=5
as well. The physical significance behind this enhancement is be-
lieved to be the presence of free convection currents which become
more vigorous with increasing Gr, to form a dynamic mechanism
for the fluids to exchange thermal energy. Meanwhile, the onset
of the secondary flow have been advanced by increasing Gr num-
ber for each Prandtl number, and this also can be explained as
increasing Gr number can relatively enhance free convection ef-
fects. As well, it can be noticed in the figure that the frequency
and magnitude of oscillations in Nu, , decrease as Gr number is
reduced, which is the weakening of secondary flow.

Prandtl Number Effects: The influence of Prandtl num-
ber were investigated by running the fluids of different viscosity.
Data for Prandtl numbers of 100 and 20 were examined along
with those of Pr=5, under similar heating and running condition-
s. Iig.4.12 is used again to display Prandtl effect on local heat
transfer rates in terms of Nug . It is apparent that heat transfer

rate can be enhanced significantly along the heating section by us-
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ing fluids of higher Prandtl number. For example, at Re=250 and
Gr=6.0x10%, an average of about 15% increase of heat transfer
rate occurs for Pr=100 compared to Pr=20 nearing fully devel-
oped conditions. Other similar increases of 30% is shown as well
between Pr=20 and Pr=5. Thus, it appears that Prandt] number
has a significant impact on local heat transfer rate, and further-

more higher Prandtl number can enhance local heat transfer rate.

4.3.2  Average Nusselt Number

As one of the key parameters in the practical design of heat
transfer equipment, the fully developed Nusselt numbers were found
to be well established in most tests after the seventh or eighth
wall-temperature measuring station. Due to the consideration of
reducing the influences of some buoyancy-induced fluctuation and
property variations in the flow direction, values for the fully de-
veloped Nusselt number Nuy 4 were determined by computing the
length-mean average Nu, after the twelfth station.

Reynold Number Effects: Table 4 was constructed to
allow detection of the Re effect on fully developed Nusselt num-
ber for the fluid of Pr=100. The two Reynold numbers are still
about 150 and 250 as before. Although running conditions are
rather limited, there is no discernible trend of Reynold number ef-
fect. Hence it is believed that Re has little or no influence on heat
transfer enhancement Nuy 4. This observation agrees with the pre-

vious study [20], which found that Nu;, was almost independent
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of Re for low heating rate (Gr number less than 1.0x107).

Table 4: Nu;y for Pr=100 at Re=150 and 250

Gr Re=150 | Re=250 A%
5.0x10% 8.6 8.5 1.2% decr.
4.2x10% 8.0 8.1 1.2% incr.
3.3x10° | 15.5 15.0 |3.2% decr.

Grashof Number Effects: The influence of heating rate
in terms of Gr number is found to be very influential on fully
developed Nusselt number. Fig.4.14 demonstrates these effects.
The normalized ratio of (Nwgas)/(Nwpqg g1 is used to indicate
the significance of heating rate effect on enhancement of (Nugan),
where (Nuysq g1)o is forced convection Nusselt number for H, con-
dition and the value is 4.0880 as predicted [20]. It is seen that heat
transfer rate can be enhanced by increasing heating rate, and more
significant increases are observed at higher heating rates for each
Prandtl number. The results for Pr=20 and Pr=>5 show similar
significant increase by significant as well. Therefore, it is conclud-
ed that increasing heating rate enhances heat transfer rate for all
Prandt]l numbers.

Prandtl Number Effects: Fig.4.14 also serves to show
the significance of Prandtl number effect on fully developed Nus-
selt number. Apparently, the working fluid with a higher Prandtl
number has higher level of fully developed Nusselt number when
the same Grashof numbers are imposed.' Fully developed Nusselt
number for Pr =100 are at a higher level than those of Pr=20

for the same Gr number, and Nusselt numbers for Pr=>5 remain
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the lowest. Approximately 15% increase in the Nu ratio is found
between Pr=100 and Pr=20 at Gr=4.0x10*; while a 30% increase
is also found between Pr=20 and Pr=>5 at Gr=1.2x10°. It is seen
that Prandt] number plays an active role in the enhancement of
heat transfer rate, and a fluid with higher Prandtl number has
a higher level of fully developed Nusselt number. Fig.4.15 shows
the same Nusselt number ratio plotted against Ra number, and
it is seen that residual Pr number effects remain. Theoretically
speaking, Pr number effects would be removed from this figure. It
is suspected that this discrepancy may be largely due to property
variations of the fluid.

In order to provide a empirical correlation for the fully de-
veloped Nusselt number ratio in terms of Grashof number and
Prandtl number, but it is found that one correlation for all three
Prandtl numbers is hardly satisfactory. Therefore, three correla-
tions for three Prandtl numbers are used here in terms of Ra®. The
experimental data were used to obtain the following equations:

For Pr=100: (Nugqm)/(Ntsa 1 )o= 0.043651x Ra’?*348 (0=4.0%,
and 04, =9.0%)

For Pr=20: (Nuysqm)/(Nusgpi)o=0.042216 x Ra®?*1 (5=3.0%,
and 0,,,,=6.5%)

For Pr=>5: (Nuysqsm)/(Nusami)o= 0.009089x Ra"3?*% (5=5.0%,

and 0,5, =9.0%)
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Chapter 5

Conclusions

Experimental study has been conducted to investigate Prandtl
number effects on combined free and forced convection flow in a
horizontal semicircular duct. Prandtl number was found to have
significant effects on friction factor and heat transfer rate. Higher
Prandtl number was seen to enhance the heat transfer rate and
decrease the friction factor compared to fluids of lower Prandtl
number. Both axial and peripheral wall temperature distributions
were affected by the Prandtl number as well. An empirical corre-
lation for fully developed Nusselt number was obtained from the
experimental data, and fairly reasonable agreement has been found
between the correlation and experimental data.

It is concluded that Prandtl number played a very active
role in the experimental results and this should provided some
useful information for the relevant engineering consideration and
design.

For the futuwre study of combined free and forced convection

flow in a semicircular duct, it is suggested that a further study
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is needed regarding property variation, and the knowledge of its
effects on wall temperature distribution, friction factors and heat

transfer rate will be important to further understand the problem.
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5 25.5 26,.,41¢ 26.50 26.37 26.46 24.5) 227.9 LER A1 0.4788 07 0.00036 15,44 14.73 $14.99 I5.03 15.04 15.03
B 45.6 26.94 26.95 26.04 26.89 24,54 228.14 LR 0,479 07 '0,00065 12.25 12.21 12,75 12.49 12.49 t2.49
7 75.‘.5 27.44 27.29 27.31¢ 27.34 21.59 228,585 Aaxa 0.4792 07 0.00t08 1to.29 to.89 to.a2 10,70 10.70 iu.70
] 108.5 27.74 27.69 27.68 27.70 24.61 22B.9 Awww D.480E 07 0.00151% 9.47 9.62 9.67 9.61 . 9.61 9.61
9 135.5 27.95% 20.00 27.68 27.82 24.69 229.2 LR 0,481 07 0,00193 9.02 B.88 9.82 9.36 9.38 9.37
1o 165,2 20.02 27.92 27.83 27.80 24.74 229.6 maawn ag.4825 07 ©0.00236 fn.95 9.23 9.52 9.30 9.31¢ 9.30
[ 205.2 27.92 28.02 27.80 27.90 24,01 230.1) A A 0.483E 07 0.00293 9.22 9.14 9.82 9.49 9.5%0 9.50
12 245.2 28.25 28,33 28.03 28,16 24.87 230.6 wws» 0,484 07 0.00350 8.70 8.52 9,32 8.95 4.96 B.96
t3 275.2 28.33 28.28 28.13 28,21 24,92 231.0 99,9 0,485 07 0.00392 8.63 8.177 9.18 8.93 8.94 B.24
i4 305.2 20.60 28,49 28B.25 20.37 24.97 231.3 99.8 0.48B6E DY 0.00435 8.34 8.36 8.96 8.65 8.66 B.6S5
5 333,23 20.64 28.%54 28.39 20.49 R25.02 238.7 99.6 0.487E 07 0.00475 8.12 8.356 .72 8.47 8.47 8.47
{6 361.3 28,72 28.67 zB.114 20.55% 26.07 232.1% 99.5 0.4888 Q7 0,00518 g8.05% B.tB 2,79 B.44 8.45 8.496
17 3u3.3 28.76 28.72 28.18 20,614 26,11 232.3 99.4 0.4689F 07 0.00546 8.04 8.14 8.72 8.2%9 8.4t 8.40
18 402,323 28.80 28,78 28.50 28.-65 25. 14 232.6 99.2 0.489F 07 0.00575 a8.02 B.06 8.74 8.38 a.39 8.38
19 423,32 28.61 28.59 28.31¢ 28.46 25.17 232.8 99,2 0N.4908 07 0.00603 8.54 B.50 .37 8.%85 8.97 6.96
20 4422.2 20.75 28.92 28.14 28.64 25,21 2231t 99.1¢ 0,49 07 0.00631 8.30 1.92 9.09 8.57 8.60 8.58
rai 463.3 28.63 28.57 20.03 20.32 25,24 233.3 99.0 0.491E 07 0.00660 8B.67 8.83 1).52 9.56 9.64 9.60

AVERAGE VALUES TIIROUGH STATIONS 16 TO 20:
91.6 28.72 20,70 20.42 28.57 25,12 232.4 99.3 0.489E 07 0.00550 n.18 a.21 B.90 8.53 8.9556 B.54
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INPUT ELECTRIC POWER = 369.1 W HEAT RATE GAINED AY WATER = 358.6 W HEAT BALANCE ERROR = 2.86%
MASS FLOW NATE = 56,2586 G/S PUESSURE DIOP = 10.677 MM 20 FRICTION FACTOR = 0,3106909 FureM = 16,0324
HEM = 150.0 GhMr = 0,10252F 06 UPSTREAM AULK TEMPERRATURE » 24.40 DRG C DOWNSHT'REAM BULK TEMPERATURE = 26,89 DEG C
PR = 97.79 ftAM+ = 0.,10025%¢# 0D LHRLEY BULK ‘TEMPERATURE » 24,40 DLEG C OUTLEYT BULK TEMPFIEAURE = 26.88 LEG C
S5TA— k3 —HALL TEMPERATUNRE [DEG C)"- ‘n ne R A e ZF 0 smssmsdccsnswae RUSSFLT HUMBER ~ - -
TION CM A B [ AVER - (C} A B . --——- AVERAGE —==w-
HO. AGE T n Tl
"0 6.0 26.27 26.29 26.1n  26.23 24-40  141.9 +ser 0.957E 07 0.00000  31.60 31.36 33.17 32.30 32.32 32.31
! t.5 26.52 26.54 26.146 26.49 24.41 124 .1 nmAw 0.9578 07 0.00003 28};!, 27.75 28.81 20,235 28. 16 28,36
2 2.5 26.69 26.71 26.65 26.67 24.42 19413 LR 0.95%7e 07 0.000086 25.90 25.71 26.46 26.15 26.15% 26,15
2 5.5 27.20 27.23 27.22 27.22 24.43 1a44.2 e 0.958e D7 0.00012 21.31 21.072 21.20 21.20 24.20 21.20
4 15.8 28,31 28,20 28.23 2n.24 24.40 194 .4 o 0,960 07 8.00035 15.42 15.90 15.76 156,71 16.7¢ t5.71
s 25.5 28.94 28.29 28.72 20 .84 24.54 144.7 L 0.9G628 07 Q.00057 13.40 13.25 A, 82 £3.71 13.72 13.72
3 45.5 29.6%9 29.65 29.39 9.53 24.641 1461 LR D.96%E 07 Q.00102 11.69 11.79 12.124 t2.08 12.09 t2.09
? 75.95 Jo.3o 3Jo.20 29.90 30.09 24.80 145.9 wAWN 0.971 07 ¢c.o00170 t0.59 10.93 t1.59 L1, 6 1t1.18 te.17
a 105,65 .67 0.6 In. 3t 30.47 24.96 116.6 99.a 0.977 07 a.00237 10,26 10.4'! 11.04 .72 10,713 t0.72
3 135.5 3a.49 3u.03 Jo. 16 30,51 25.12 147.4 99.3 0.983e 07 0.,00304 10.21 10,35 10,73 10.96 E1,018 10.99
10 165.2 30.94 30.85 3J0.50 30;70 25,28 t4a8 .2 98.9 0.98YE 07 0.00371 I0.44 10.61 19,32 10.91¢ 10.92 lg.92
[ 05,2 30.93 30.99 30.44 30.69 25.49 149.2 98.2 Q0,997 07 0.00460 10.87 10.83 11.94 E1.37 14,40 to. 30
12 245,22 31.423 31.46 30.94 31.19 25.70 150.2 97.6 o, 100E 08 0.005%50 to.32 t0.27 11.28 ta.77 .79 10.78
13 275.2 3t.40 Ji.42 31.26 31.38% 25.486 t151.0 97r.2 O.101 68 0.00G17 10.53 10.63 10,98 10.77 10,717 10,77
14 305.2 31.75 It.74 3t.20 31,47 RG6.02 151.9 96.7 0.102E 08 0.00684 10,31 t0.23 bi.42 10.85 to.a7 t0.86
15 333.3 31.96 31.98 31.25 31.66 6. 17 152.6 6.2 0.102E €8 0Q.00746 10,22 10.18 L 10,77 10.80 0.79
(X 363.3 I2.24 32.24 31.57 3t.90 26.33 153.4 95.8 0.103J8 08 0.00813 10,02 10,01t .29 t0.62 10.65 Q.64
17 383,23 3z.40 32.26 31.58 31,94 26.43 154.0 95.% O0.10JE 08 0.00858 9.92 10,15 11.54 10.74 10.79 to.76
18 403.3 a2.42 32.32 31.68 32.03 26.54 154.,5 96,2 0,104 0B 0.00902 IO.D7V 10.24 1.6 10.79 10.83 io0.a1t
19 423.2 J2.27 32.29 31.56 3t.92 2G6.64 1651 94.8 Q.104E 08 0N.00947 10.52 10,49 {2.05 0,23 11.28 it.25
20 443.3 32.89 32.82 31.95 32.33 26.75 155,7 S84.5 0.1088 08 0.0099! 10,15 9.75 1t,38 10.61 t0.66 t0.64
21 463,32 j2. 1 32.147 3.7 31.70 26.86 156.2 g94.2 Q0,105 08 0.01035 tr.27 ti. 4 £3.42 12,21 2.3 12.26

AVERAGE VALUES TIIROUGH STAITIONS 1% TO 20:
I%1.6 32,31 32.32 31.61 31.96 26.48 154,2 95.3 0.t104E 08 0.0087%6 ta. s to. 12 18,63 10.79 190.84 io.8t
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INPUT ELECTIIC POWER = 172,.B W HEAT RATE GAINED BY WATER 333.5 W HEAT RALANCE ERROR » 10.55%
MASS FLOW HMNIE = 87.5233 G/S PRESSURE DROP = 16.734 MM 1120 FRICTION FACTOR = 0.069251 FREM = 15,9216
REM = 229.,9 GuMy & 0.92510E 05 UPSTREAM BULK TEMPERATURE = 24.45 DEG C DOWHSTHEAM RBULR TEMPERATURE = 25.94 DEG
PR = 99,10 RAM: = O0.91601E 07 ITHLET BULK TEMPERANTURE = 24.46 DEG C OUTLET HULK ‘TEMPEIATURE = 25.94 DEG C
STA- 2z “WALL TEMPERATUNE (DEG C) - TH RE PR A+ Z¥  —emmmmmmm—ew NUSSREIT NUMBER —— - w e -
TION CM A 2 [ AVER- (c) A n [ = AVERAGE
NO. AGE u
“3""3?8"SETSE"EETSE“EETBT'53?55"52?22"""SEZ?;“::::"BTEBEE“BT"BTGBBBS'“EET_{EE"’SETSS"33?'.5"]E,?;T'SET‘;E """""
1 1.5 26,17 26.231 26.18 26,19 24.46 224.5 wwaa 0,092E 07 0.00002 32.07 31.%3 3t1.97 31,78 31.79 3t.78
2 2.5 26.33 26.319 26.3% 26.35 24.46 224.% wwas 0,892 07 0.00004 29,42 28.47 29.18 2%9.06 29.06 29.06
3 5.5 26,80 26.90 26.8% 26.85 24.47 224.6 wwma D.B92F 07 0.00008 23.58 22.67 23.12 23.12 23.12 23.t12
4 15.% 27.80 27.715 27,78 27.78 24.5! 224,84 wssx 0.893F 07 0.00022 16.66 16.94 16.780 16.79 16.79 16.79
5 25.5 2B.44 28.48 28.32 28.39 24.54 22%.0 wwwsa {1,894 07 0.00037 14,08 13.91 14.50 t4.24 14.25 14.25
[ 45.% 29.13 29,14 20.94 29.04 24.60 225.5 wesax  O0_897E 07 0.00066 12,12 12.09 12.66 12.38 12.38 12.38
7 76.5 29.87 29.70 29.56 29.67 24.70 226.2 ww«s  0,900E 07 0.00109 10.6% 10.98 11.29% $4.04 40,04 U1.04
8 (0s5.5 30.27 30.2% 30.08 30.16 24.79 226.9 swesx  (0.9018 07 0.00152 10.02 10.t3 0,38 10.23 10.23 10.23
g (9315.56 3I0.55 30.8%% 29.99 30.27 24.89 227.6 waws  D.906F 07 0.00196 9.70 9,71 10.76 10,21 ]0.23 tn.22
0 16%.2 30.72 30,68 30.33 30.5F 21.98 228,3 9%9.8 U0.%09E 07 0.00239 9.58 9.64 to.28 9.93 9.94 9.94
it 2065.2 30.8' 30.72 30.27 230,52 25.11 229.2 99.4 0.9%4E 07 0.00296 9.63 9.79 t0.64 t0.1% 10,17 10.16
12 24%.2 31.09% 31,12 30.66 30.88 25.213 230.2 92.0 0.91AE 07 0.00354 9.38 9.34 10,13 9.73 9.75 9.74
13 27%.2 39.20 31.08 30.63 30,89 25.33 230.9 98.7 "0.9218 07 0.00397 9,17 9.55 10.37 92.89 9.9 9.90
14 305.2 39.36 31.35 30.B5 3t.i1 26,42 231.6 98.4 0.925E 07 0,00440 9.26 9,27 10.12 9.67 9.69 9.68
15 333.3 30.56 31.53 31.0t 31,28 25.61 232.3 98.2 0.928rR 07 0.00481 9.09 9.14  10.00 9.53 9.55 9.54
16 363.3 3t.70 31.84 31,17 34.49 25.61 2331.0 97.9 0.93)E 07 0.00524 8.91 8.82 95.80 9.35 9.37 9.36
17 383.3 3%.89 31.75 31.17 131.4% 25.67 233.% 97.7 O0.933E 07 0.005%53 8.05 9.04 10.00 9.44 G.47 9.46
18 403,3 30.97 31.87 31.20 31,60 25.72 234.0 97.5 O0.9368 07 0.00581 B.82 8.96 9.91 9,37 9.40 9.39
ts  423.3 341.77 21,78 31.22 31.50 2%5.80 234.5 97.3 0.918K 07 0.00610 9.22 g.1% 10,14 9_6% 9.67 9.66
20 443.3 32.08 32.32 301.44 31.82 25.06 235.0 97.1 0.9408 07 0.00639 8.85 8.52 9.86 9.23 9.27 9.25
21 463.3 31,72 31,74 30.46 31,29 25.92 235.5 97,0 U0.%943E 07 0.00667 9.49 9.50 $1.t4 10,25 t0.32 10.29
AVERAGE VALUES ‘I'HROUGH STATIONS 15 'TO 20: .
39t.6 31.u44 31,85 31,22 31.53 25.70 233.7 97.6 0,.934E 07 0.005665 8.95 B.95 9.97 9.43 9.46 9.44
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INPUT ELECTHIC DOWER = (063,101 W HEAT RATE GAINED BY WATER = 1010.9 W HEAT MALANCE ERROR = 4,90%
MASS FLOW RATE = 53,7132 G/S PRESSURE DROP = 0,858 MM 1120 FRICTIOH FACTOR » 0.0969%47 FREM = 16,2891
REM = 160,09 GnHM+ = 0.400948 06 UPSTREAM BULK TEMPERATURE = 26.69 DEG C DOWHSTHEAM BULK TFEMPEIIANTURE = 33,87 DEG C
PIM - 84.64 RAM® = 0.31937E 09 THLET BULK TEMPERMNIURE = 36.71 DEG € OUTLET BULK TEMUELATURE = 33.Y6 DEG C
STA- 2 ~WALL TEMPERATURE (DRG C)- Th RE PR fthe 2+ 0000 —eemsaaaaa e HUSSELT HUMBER oo e o e
TIOHN CHM A B C AVER- (<) A n ¢ -—--- AVERAGE ~-—w-—
HO, AGE T H] Tl
T8 6.6 T31.23 31.29 31.01 31.13  26.71  148.4 94.6 0.2958 00 0.00000 36,00 36.45 30.05 37.73 37.76  37.74
1 t.% 31,95 32,03 3!1.80 31,30 26.73 118,55 94.6 0.29%E 08 0.00004 31.98 31.52 32.93 32.33 32.34 32.133
2 2.5 132.46 32.54 32,35 32,42 26.75 1A48,6 94.5 0,295 08 0.00006 29.30 28.83 29.79 29.42 29.43 29.43
3 5.6 33,93 34,07 34,00 34.00 26.79 110.9 94.4 0.2968E 08 0.00013 23.40 22.96 23.18 23.18 23.18 23.18
4 15.% 36.43 36.2! 36.04 136,18 26,95 1149.6 94.0 0.297 00 0.00036 17,61 18.04 18.37 18,09 18.10 I16.09
s 2.5 37.90 30.00 37.16 137.%6 27.t0 10,4 92.5 0.299E 08 0.00060 15,47 15,32 t6.60 15,98 16.00 15.99
6 45.5 239.301 3%.07 38.2% 38.70 27.41\ IS1.9 92.7 0.303E 08 0.00106 t4.04 14,33 15.47 14.80 14.83 $4.81
7 76.6 40.37 40.02 30.96 39.58 27.48 154,31 91.4 0.308E 08 0.00176 13.30  13.76 15%.08 14.28 14,32 14.30
8 10%.% 40.9% 40.74 39.81 40.33 28.31 I66.7 9.t 0,313 D8 0.00246 13,26 13,49 1a4a.5%8 13.%% 13.98 13.97
9 135.5 41,35 40.13 39.%0 40.37 28.80 159.2 88.9 O0.319E 08 0.0031% 13,34 13.58 15.65 14.47 $4.55 134.51%
t0 165.2 41.6% 41,36 40.21 40.06 29.26 161.7 B87.6 0.325E 08 ©.00384 131,52 13,84 15.29 4,44 124,49 14.46
11 205.,2 41.Bt 41.63 39.99 40.86 29.88 165.3 85.9 0,333K 08 0.00475 14.0% 14.26 16.%7 16.27 15.36 15,31
12 245.2 42.67 42.%2 441.24 41,92 30,50 169.0 B84.2 0.342 08 0.00567 13.78 13,94 15,62 14.69 14.74 14.71%
12 27,2 12.77 42.49 41.10 41.87 3a.97 172.0 B2.9 0.348E 08 0.00635‘ tq2.21 t4.55 16.55 $15.39 15.47 15.43
14 2305.2 43.43 43.35% 41.95% 42.67 3t.,43 175.0 B1.6 0,355 08 0,00703 13.99 14.08 15.95 14.93 14.99 14.96
iI6 333.3 43.64 43.76 41,77 42.73 31.86 t77.9 680.4 O0.31625 08 0.00766 t4a.26 t4.14 16§.9% 1S5.45 15.57 15.51
16 363.2 44.35% 44,42 42,20 43,29 32,33 180.6 79.3 0.368E 08 u©.00834 13.97 13,89 17.00 (8.32 15,47 15.40
17 383.3 44.78 44.48 42,85 43,59 32.69 téz.4 78.6 ©0.372e 08 0©,.00880 13.83 14,19 16.95 (5,34 15.48 [(5.41
18 Q03.2 45.07 44.72 A42.75 43,82 232,95 t04.2 77.8 D,376E 08 0.0092%5 13.86 14.28 t7.064 15.4% ' 15,60 §5.53
9 423.3 14.88 44.50 42.69 43.69 33.26 ta6.1  77.1 0.3BOE 08 0.0097t 14.47 14.96 t7.8¢ 16.01 (6.26 16.19
20 443.3 45.62 45.91 43.56 44.66 33.57 g8, 76.3 0.38B4E 08 0.01016 13.9% 13.62 16.82 {5.015 15.30 15.23
21 463.3 44,40 44,64 42.12 43.33 33,48 190.0 75,6 O0O.309E 08 0.01061 1%.96 15,62 20,39 17.79 (8.09 17.94

AVERAGE VALUES THROUGH STATIONS

5 1O 20;
391.6 44.72 44.63 42.5%9 43,

&3 32,77 83,2 78.2 G.3748 08 0.00899 11.06 t4.14172 1r. 12 15.47 19.62 15.54




9.

INPUT ELECTRIC POWER « 1115.8 W HEAT RATE GAIHED HBY WATER = 1077.7 W HEAT BALANCE ERNOM =  3.42%
MASS FLOW RATE « B6.04813 G/S PRESSUNE DROP = 15,212 MM H20 FRICITION FACTOR = 0.064979 FIlE4 = 16.2375
NEM = 249,9 Gre = 0,.36731E 06 UPSTREAM BULK TEMPERATURE = 25,78 DEG C DOWHSTIEAM AULK TEMPRRATURE = 10.64 DEG C
Bl = 90,49 0.33238E 08 IHLET HULK TEMPERQATURE = 25.79 DEG C OUTLET BULK TEMPENATURE = 30.63 DEG C
STA- Z TEMPERATURE [DHEG CJ =~ B nE Pit 1A Z+ = it mma-mems NUSSELT HUMBER -—----———- -
TIONR M AVER~ (¢} } A n c e——- AVERAGE v w -
NO. AGE F t Tl
“o " To.o z9.m2 29,65 29.75  25.79  230.5 97.4 0.303E 08  0.00000  44.09 43.49 15.96 14.85 44.88  14.08
[ 1.5 320.40 30.47 25.80 230.6 97.2 O0.303E 08 0,00002 J7T79 37.17 38,62 38.04 38.05% 326.05
2 2.5 n.,92  30.97 25.81 230.7 97.3 0,301 00 0.,00004 34.40  33.79 34.79 34.44 34.44 34.44
3 5.6 32.47 32.47 25.04 230.9 97.2 0.304g 08 0.00008 27.10 26.53 26.02 26.82 26.842 26.82
4 I5.5% 34,51 34.62 2%.95 231.7 96.9 0.30%E 08 0.00023 19.98 20.48 20.75 20,49 20.%0 20.49
5 256.5 3%.76 136,08 26.05 2312.8 96.6 0.306E 08 0,00037 17.31 17.06 18,32 17.73 17.75 17.74
6 45.5 36.086 37.33 26.26 234.1 96.0 0.309E D8 0.00067 16,268 15.52 16.78 16.0% (6.09 16.07
7 75.5 37.49 38.44 26.57 236.6 95,1 0,312 08 0.00110 14,16 14.49 15,71 14.99 15,02 16,00
8 105.3 38.72 39.2! 26.88 239.1 94.2 0.316E 08 0,00154 13.74  14.83 15.03 $4.43 t4.16 14.45
9 135.5 38.43 39.25 27.19 241.6 93.3 0,3208 08 0.00190  13.72 13.90 15.H4 14.76 14.82 14.79
10 16%.2 39.25 39.7% 27.a9 244.0 92.5 0.323E 08 0,00241 £3.72 14.04 15,06 14.49 14.52 14,51
tt 205,2 38.98 39.76 27.9¢% 247.4 91.3 0.329E 08 ©¢,00299 13.95 14,27 16.09 15.04 (15,10 5,07
12 245.2 10.0% 40.67 28.32 250.8 80,2 0.334e 08 0.00357 13.73 13,86 IS, 15 t4.44 14.47 i4.45
13 276.2 39.85 40.58 26.63 253,5 89.3 0.33BE 08 0.00400 1t3.94 14,49 15.90 14.93 14.98 14.96
14 305.2 10.5% 41.29 28,94 256.2 848.5 0,.3425 08 0.00443 13.64 13.72 .31 14.45 14,49 M4.47
I6 333.3 40.%7 41,48 29.23 258.0 87.7 O0.316E 08 0.00483 F3.61  13.54 I%.74 14.58 14.66 14.62
16 363.3 40.91 41.95 29.54 261.6 86.8 O0.350E D08 0,.00526 12.27 13,26 15.71  $4.39 §4.49 14.44
17 383.3 40.92 41.91 29,75 263.6 B86.3 D.3I53E 08 0.0055% 13.40 13.76 15.98 14.68 t4.78 14.73
8 403,33 41.10 42,11 29.9s 265.5 85.7 0.356E 08 0.00583 13.37 $3.78 16,02 14.689 14.80 14.74
19 423.3 40.90 4t.87 130,16 267.5% 85,1 0,359 08 0.00612 13,84 14.37 16.61 15,26 15,37 15.32
20 443.3 41.63 42,77 130,317 2692.5 84.5 O0.362F 08 0.00640 13,29 13.13 15.87 14.42 14.54 t4.48
21 463.3 40.33 41.5%0 30.58 271.6 84.0 0.365E 08 0.00668 14.92 14.68 18.32 16.37 16.%6 16.46

AVERAGE VALUES

391.6

THROUGH STATIONS t5 10 20:

41.01 42.02 29.81 264.4 B86.0 0O.355F 08 0.00566 13.46 t3.64 15.99 t4.67 ta.77 ta.72
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INPUT ELECTHRIC POWER =

aEt.1

HEAT RATE GALINED RBY WATER 574.7 W HEAT BALANCE EQion - 5.96%
MASS FLOW HIATE = 47.4160 G/S PRESSUNRE LIROP = 7.909 MM 1120 FRICTION FACTOR = O.110139 FREM = t6.1026
nEM = t24.9 GuM« = 0,207308K 06 UISTREAM BULR FTEMUPERATURE = 27.33 DEG C DOWNSTREAM BULK TEMPERATURE = 32.803 DEG C
Pt = 86.494 HRAMe = 0. 108703E UG IHLET TEMUEAOATURE = 27.34 LG C QUTLEY HULK TEMEEHACURE = 32.02 LKG C
STh— z ~WALL TEMPERATUNE {DEG C) - nn ne "R 1tA » Zr @ sucdcr e m - HUSSFLT HUMRAEIIL ~ more e er e i
TIOHN [ 1] A n < AVER~ {(c) A 1] L s AVERAGE ~=—-w-
HO. AGE T it ‘et
"6 0.0 30.18 30.26 30.07 30.14 27.34  133.8 92.5 0.172F 08  0.00000 33,41 32.88 34.46 33.90 33.93 33.91
] 1.5 Jo.s1 30.72 30.5% 30.61 27.36 123.9 92.8 0.172F 08 0.00004 29,22 2R .27 29.76 29.24 29.25 29,25
2 2.5 3o0.90 31,03 3o.88 30.92 27,37 133.9 92.8 0.172E 08 0.¢0007 26.88 25.92 27.03 26.71 26.72 26.71¢
3 5.9 31.78 31.98 301.88 3t.Bg 27.40 134.0 92.7 0.¢t72E 08 g.QU015 21.68 20,74 21,20 21.20 20.20 21.20
4 15.5 33.69 33.50 33.32 33,43 27.50 134.5 92.4 0.173E 0B 0.00041 15.58 15.82 t6. 13! 16.00 te.at 16,00
5 26,5 34.80 l1.60 34.18 34.20 27.60 134.9 92,2 0.1738 8 0.00067 13.61 13.56 14.43 tq.00 4.0 14.00
] 15.95 15.65 35.46 34.93 35,22 27.48¢0 135.8 91.6 O0.174E 0B 0.00120 12.26 12.40 13.31¢ 12,00 t2.02 12.84%
7 75.5 36.31¢ 35.53 35.53 3%.72 z28.10 137.2 9¢.8 C. 768 08 0.00199 t1.58 12,78 12.79 t2.46 t12.48 12.47
] t0s.5 l6.62 36.48 36.09 36.32 28.40 138.6 890.0 0.179E 08B 0.00278 11.56% t1.79 12.36 12.00 t2,01¢ t2.00
9 138.5 36.94 26.94 35.84 36.39 20,69 140.0 89.2 0.IBIE 08 0.00357 11.54 11.54 i13.31 12.36 12,42 12,39
ic 165.2 37.41 36.98 36.35 3e.70 20.99 141.2 88.3 0.183e 0B 0D.00435 t1.72 t1.91 12.93 12,35 12,138 t2.36
1t 205.2 37.22 37.13 35.72 36.45 29,39 143.4 B87.2 0.186E 08 0,00540 12,12 12,29 15.03 13.47 13.62 t3.55
12 245.2 3?7.45 37.83 37.086 37.45 29,79 148 .4 B6. 1 0.189E 08 D.008644 11,82 1t.a8s% 13.09 12.43 12.46 t2.45
13 275.2 37.94 37.83 37.00 37.44 30.09 147.0 85.3 0.191g 0B 0.00722 12.13 12,31 12.78 12.95 13.00 12.98
14 305.2 38.43 3u.42 37.5%4 37.90 30.219 tau.,6 #4.% 0,193 08 0.00800 11.84 1:1.87 13.33 12.55 12.59 E2.57
is 333.3 Jjg.64a 3e.a0 A7.73 3g.22 30.67 t50.1 u3.7 0.196E OB 0.00872 11.96 te.72 13,60 12,62 12.67 12.641
16 363.3 39.20 39.21 317.98 38.59 30.%97 151.8 02,9 0,198FR 0B 0.00950 t1.58 11,57 t3.60 12.51 12.59 12.55
17 383.2 39.44 39.t8 ag. 12 3g.72 31,17 152.9 02.4 0.200E OB 0.01001 11,53 11.90 13.72 12.63 12,71 12.67
X:} 403.32 39.54 39.33 ag.32 ja.o8 31.37 154,18 st.8 0.202E 08 0.01052 11,68 11,98 2.7 12.70 12,77 t2.74
L) 423.2 39.42 3g.23 3a8.16 38.74 21.57 155.3 at.3 0,203 08 Q,.01104 12.15 12,45 ta.47 t3.30 13.39 132,34
20 443.2 3%9.87 40.08 38.69 39.323 31.77 iI56.5 80.7 0.205E 08 a.0115% r1.78 11.49 £3.79 i2.62 12,718 12.66
21 462.3 39.08 Io.27 37.74 .45 3t1.97 1%7.% 00,2 0.207e OR 8.01208 13.42 13.07 16.5%4 ta.71 14.90 t2.80
AVERAGE VALUES THROUGH STATIONS 15 TO 20
395.6 39.35 39.31 30.17 .75 11.25 1531.5 a2, a.201E 08 e.01022 1,78 tt.a6 13.80 12.73 t2,8¢ 12,772




8L

IHNPUT FLECTHIC POWER = 666.5 W HEAT RATE GAINED BY WATER = 6£04.5% W HEAT HBALANCE ERROR = 9.,30%
MASS FLOW RATE =~ 70.7169 G/S PRESSURE LHOP = 14.305% MM 120 FRICTION FACTOR » 0,0723090 FuEe = 16.0510
REM = 219,86 GitMy = (,1B983FK 06 UDPSTREAM BULK ‘PEMPERATURE = 25.50 DEG C DOWNSTREAM BULK TEMPRUIATURYE = 28.49 DEG C
DRM - 93.83 naM+ = 0.170128 08 THLET BULK TEMIPERATURE = 25,451 DEG C OUTLET BULK ‘FEMPEIRATURE = 28.49 NEG C
S5Tra- F3 “WALL TEMPERATUNRE (DFEG CJ -~ ‘rp RE PR A > 24 e mmme NUSSELYT HUMBER —mee—- - -1U07
TION CM A b [ AVER~ (c) A -3 C m—ra- AVERAGE ——w=ww
RO, AGE T 1] Tl
T'”"Gf&““i&f73“55??3“56TBZ"EETTE““EETET""EBETE"EETS"STTEEE'BE"6?6655""51:55“55]6"?5?3%“'36TZS"ESTZE"SEfﬂ
H 1.5 28.58 28.60 28.50 28.54 25.51 208.9 958.2 0,168E 08 0.00002 32.52 32.33 33.42 32.92 32.93 J2.92
2 2.5 28.87 28.89 20.81 20.08 25,52 209.0 98.2 0.168E 08 0.00004 29.76 29.57 30.29 29.97 29.98 29.97
3 5.5 29.74 29.77 R9.76 29.76 25.54 209, 98. 1 O.16HE U8 0.00009 23,71 23.51 23.62 23.62 23.62 23.62
4 55:5 3t.32 Jt.24 I 3t.23 25,60 209.6 97.9 0O.169E 08 0.0002S 17.43 17.68 17.90 17.73 17.73 07,73
5 25.5 32.30 32,45 Jr.9n 32.20 2B.67 210.0 97.7 O0.169E 08 0.00041 14.85 14.69 15,74 15.26 165,28 I5.27
& 45,5 13.46 33.37 32.90 Ji.ta 25,79 210,9 97.3 U0,170E 080 0.00073 13.00 13.t5 14.04 t3.54 13.586 13.59%
¥ 75,6 312.45 34.19 33.73 31.02 25.99 212.2 96.8 0.1718 08 0.00121 t1.79 12,16 t2.88 12,414 12.43 12.42
-] 105.5 34¢.88 31.78 34.43 31.62 26,18 213,6 96.2 0.173E 08 0,00!69 1,48 11,64 12.09 11.81 .82 LI
9 135.6 36G.t9 35,13 32.10 34.63 26.37 2i15.0 95,7 0.¥74E 08 0.00217 t1.31 11.39 12.91 1z.08 12.1413 12.10
10 165.2 3%.37 35.22 34.64 34.97 26.56 216.4 95.1 O.I17GE 08 0.00264 11,32 [T} 12.34 1. a6 1. unu 1e.a7
LR 205.2 35.44 156.39 34.54 34.98 26.81 218.3 94.3 OQ.177E 08 0.00328 ti1.57 11,64 12.91 t2.22 12.28 12.24
12 245.2 36.03 36.04 35.35 35.69 27.06 220,10 93.6 0.1798 08 o0.001391 L I X ) L2 I e | 12.06 i1.58 L. 60 11.59
13 2715,2 36.09 35,92 3s.t8 35.59 27.25 22t.5 93,14 0.1808 08 0.00439 i1.31 11.63 12.60 t1.90 12.01¢ 12.00
K] 305.2 36.47 36.45 IG5.61 36.04 27.45 222.9 92.6 O0.181E 08 0.004897 11.07 tt.09 12.232 tL.63 t1.66 P1.64
5 313.3 36.67 36.77 35.79 36.26 27.62 224.2 92,1 0,182 08 0.00531 t1t.04 10,92 P2.213 t3.57 1t.61¢ 18.59
16 361.2 37.10 3r.47 35.96 36.55 27.82 225.6 9t1.6 0,184 08 0.00578 10.76 10.69 12.28 tt.a5 t1.50 t1.,47
17 3ga2.a 37.23 37.05 3b.88 J6.51 27.94 226.6 91,2 0.185E 08 0.00610 10.77 10.98 12.60 11,67 1,74 ft.70
18 403.3 37.39 37.09 36.05 315.6% 28.07 227.5 90.9 0,.185E 08B 0.00642 10.73 19,09 12.52 ti.66 t1.71 18.69
1% 423.3 37.137 36.94 35.87 36.46 20,20 228.5 90.5 0.116E 08 0.00673 11,15 tt,44 13.04 12,10 12,17 12,13
20 443.3 37.61 37.81 36.27 ar.oa 28.32 229.5 90.2 O0.187E 08 0.0070S to. 77 10:54 12.43 1t.48 1e.54 f1.51
21 463.3 36c.a3 3g.98 35,54 36.22 W45 230.5 ©BY.8 O0.188E OB 0,.00736 11,94 19.73 ta, 1 t2.a7 12,972 12.92

AVERAGE VALUES THROUGH STATIOHS 1S TO 20
391.6 37.19 A7.14 36.99 36.58 28.00 227.0 91,1 0.185E 08 0.00621 to.a7 t0.94 12.52 E1.65 149,71 fL.6A




6.

INPUT ELECTRIC POWER = 150,3 w HEAT RATE GAIHNEID BY WATER w» 194.1 W HEAT BALANCE ERROR = 4.84%

MASS FLOW HATE = 57.6790 a/s PRESSUHE DROP = 10.806 MM H20 FRICTION FACTOR = 0.1029141 FREM = 15.9708
REM = 155,2 anMe = 0,42000E 0S5 UPSTREAM BULK TEMPERA'PURE = 25.44 DEG C DOWNSTREAM BULK TEMPERATURE = 26.40) DEG C
PitM =« 96,97 AM+ = 0,40727E 07 INLET BULK TEMPERATURE = 25.44 DEG C OUTLET BULK TEMPERATUILE = 26.11 LDEG C
STh- 2 ~WALL "TEMPERATURE (DEG CJ - rB nE PR th e 4+ e——oo==T --— HUSSELT HUMBFER ~----woo——TC2
TION M A B (o AVER- (c) A B € e AVERAGE ——-—~
RO. AGE + 1 Tent
"0 0.0 26.3a 26.33 26.31 26.32 28.44  152.7 8.1 0.1008 07 G.00000  erzs 26 17 33 ve 36038 18l357T3iTae
1 1.5 26.43 26.42 26.43% 26.42 25.44 152.7 9B.4 0.400E 07 0.00003 23.89 24,15 24,80 24.26 24.26 24.26
2 2.5 26.50 26.49 26.148 26.48 25.44 I62.7 98.4 0.400E 07 0.00005 22.50 22,78 22,96 22.80 22.80 22.80
3 515 26.69 26.67 26.68 26.6B 25,45 152.8 98,4 0.400E 07 0.00012 19.15 19,45 $9.30 19.30 19.30 19,30
LY 15.8 27.23 27,13 27.31% 27,17 25,47 152.9 98.3 0.400E 07 0.00034 13.46  14.33 14.10 12.99 14.00 $3.99
5 25.5 27.54 27.58 27.42 27.49% 25,49 153.0 98.2 O0.401E 07 0.00056  11.61 11.38 12.29 11.88 11.89 11.88
6 45.% 27.89 28.82 27.80 20,01 25,53 153.2 98.1 0.401E 07 0.006100 10,06 7.94  10.45 9.60 9.72 9.66
7 75.5 28.29 28.13 28.21 28,21 25%.59 I63.5 97.9 0.402 07 0.G0165 a.u1 9.37 9.09 9.09 9.09 9.09
] 105.5 28,952 28.48 2B.54 28,52 25.66 153.8 97.8 0.403E @7 0.002231 8.27 8.42 8,25 8.30 , 8.30 8.30
2 135.5 28.668 206.68 28.30 28.49 25.72 I54.t 97.6 0,404E 07 0.00296 8.02 28.03 9.20 8.57 8.61 8.59
16 16%.2 28.70 20.60 2W8.51 28.58 25.70 154.24 97,4 O0.4058 07 0,00361 a.t5 8.423 8.71 8,439 8.50 8.50
il 205,2 2B.61} 28.70 28.42 28.54 25.86 t54.9 97,14 0.406E 07 0.00449 8.64 &.39 9.30 8.89 4,9t 8.90
12 245.2 28.88 29,00 28.7¢ 2B.82 25,95 I55.3 96.9 0.408E 07 ©,00536 a.tt 7.79 8.59 8.26 8.27 8.26
i3 275.2 20.96 28.95 28,75 28.8% 26.01 15.6 96.7 O0.409E D7 0.00601 g.o8 8.08 B.66 8.36 8.37 8.17
14 3205.2 29.08 29.00 2B8.82 28.92 26.07 156.0 96.5 O0.4(0E 07 0,.00867 7.9% 8.03 8.65 8.33 8.34 8,34
S 333.3 29.15 29.22 28.96 29.07 26,13 156.3 96.4 O0.411E 07 0.00728 7.87 7.69 B.39 8.07 g.a08 8.08
t6 263.3 29.35 29.29 29.09 2%.20 26.19 156.6 96.2 0.44128 Q7 0.00794 7.53 7.67 8.20 7.89 7.90 7.90
i7 383.3 29.44 29,33 29.09 29.24 26.23 I56.8 96.1 0.4128 07 0.00837 7.40 7.67 4.31 7.90 7.82 7.91
I8 4063.3 29.43 29.40 29,18 29,30 26.27 157.0 95.9 0.4138 07 0.00B81 7.5% ?7.60 8.17 7.86 7.87 7.87
19 @23.3 29.35 29.37 29.09 29.23 26,31 157.3 95.8 U0.4148 07 ©0.00924 7.485% 7.77 0.58 8.7 6.18 u.18
20 443.3 29.46 29.65 29.18 29.37 26.316 1$7.5 9%.7 0,414 07 0.00968 7.61 7.22 8.43 7.89 7.92 7.9%0
21 463.3 29.3¢ 29.301 28.84 29.07 26.40 167.7 95.6 O0.418E 07 0.01011 g.19 B.16 9.73 8.08 8.95 8.92

AVERAGE VALUES THROUGH STATIONS 15 TO 20:
391.6 29.37 29.38 29,10 29,24 26.25 I66.9 96.0 0,412 07 0.00855 7.64 7.60 a.34 7.96 7.98 7.97
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INPUT ELRECTRIC POWER = 151,00 W ) HEAT RATE GAEINED RY WATER = 139.8 W HEAT BALANCE BERROR = 7,44%
MASS FLOW RATE = BB.9508 G/S PRESSURE DROP = 17,104 MM 1120 FHRICTION FACTOR = 0.068529 FitkM = 16.0108
nEM = 233.6 GnRMr = 0,38775E 05 UPSTREAM BULK TEMPERATURE = 24,09 NDEG C DOWHSTREAM RULK FEMPRRATUNE = 2%.50 DEG C
M o= 99,11 RAMY = Q.38430E 07 THLET NULK CTEMDENATURE r 24,89 LEG C OUTLET HULK TEMPERATURE « 26,50 LEG C
STA~ 2 “WALL TEMPERATURE (DFEG C)- ™o nE [ A Y 0 meewswdeacws HUSSELT HUMBER -~ ---eeme
T10M  CM A 1 AVER-~ (c) h 1 cC ----- AVERAGE =-=---
HO, AGE ® it e
"6 0.0 25.79 25.78 25.73 25.76 24.89  231.3  asss 0.380% 07 0.00000  25.56 25,76 27.56 26.57 26.81 26.59
? 1.5 25.86 25.085 25.81 25,04 24.89 231.13 “aaw 0.380E 07 0.00002 25{60 23.93 24.98 24,38 24.39 24.38
2 2.5 25,91 25.90 25,487 25.89 24.89 231.3 LR 0.300Fk G7 0.00004 22.54 22.8¢ 23.48 22.06 23.07 23.06
2 8.5 26.07 26.05% 26.06 26.06 24.90 231.4 ARAw 0.380e 07 0.00008 19.69 20.00 19.85 19.85 19.05 19.85
4 Iﬁ;s 26.59% 26.5! 26.53 26.53 24.91 231.5 +awa  U.3HOE D7 0.00022 14.03 14,43 14,20 14,21 ta.21 t4.21
5 25.% 26.75 26.78B 26.6% 26,73 24.92 231.6 99.9 0.380E 07 0.00036 12.63 12,37 13.03 t2.7%76 12.76 12.76
[ 45.5 27,08 27.06 27.00 27,03 24.9% 231.8 99.8 0.3BlE 07 0.0006S5 10,97 10.92 11,16 191,05 11.05 11.05)
7 75.5 27.50 27.34 27.36 27.39 24.99 232.1¢ 29.7 0,381 07 0.00107 9.17 .78 9.70 92.58 .59 9.659
8 105.5 27.69 27.64 27.68 27.67 25,03 232.4 959.6 6.3182e Q7 0.00150 8.67 8.82 8,69 8.72 a.72 8.7%2
-] 136.56 27.89 27.89 27.51 27.70 25.407 232.7 99.5% 0.382& 07 0.00193 g.186 ﬁ.!7‘ g.q1 2,74 9.79. 8.77
to 165.2 27.86 27.81% 21,714 27.717 25,1114 232.9 99.4 0.383E 07 0.0023%5 a.38 8.51 .84 8,64 8.64 8.64
10 205.2 27.88 27.98 27.8621 27.76 25.16 233.3 99.2 D.384aE 07 g.00292 B.46 8.38 2.32 8.895 8.87 a.86
12 245.2 208.19 28.27 20.03 28.413 25.21 233.7 99.1 0.385F 07 0,00348 7.72 7.53 a.:8 7.09 7.90 7.90
12 2765.2 28,22 28.16 28,13 28.16 25,25 234.5 99.0 0,385 07 0.00391 7.76‘ 7.91 B.013 7.92 7.92 7.92
4 306B.2 28.33 20.27 28.14 28.22 25.29 234.3 98.8 0.3868 07 0.00433 7.58 7.74 84.08 7.886 7.87 7.87
ts 333.3 28.42 20.43 28.28 28.35 265.33 234.6 98.7 0.38G6E 07 0.00473 7.45 7.42 .00 7.61% 7.62 7.62
t6 363.3 28,61 28,55 28,30 28,44 2,36 234.9 9n.6 0.387 07 0.00516 7.10 T7.23 T.8% 7.49 .50 7.50
17 383.2 28.65% 20.60 208.31 28.47 2%.39 235.1 98.5 QG.387E 07 0.00G44 7.07 7.t8 7.90 7.49 ?.51 7.50
8 403.3 2e.sa0 28.56 28.45 28,51 26.42 235.3 9u.5 C.388E 07 0.00573 7.29 7.33 7.61 T.46 T.46 7.46
19 423.3 28.560 20.5%3 20.3¢ 28.41 26 44 235.5 968.4 0.36AE 07 0,00601 7.53 7.46 8.04 7.76 7.77 7.76
20 443.3 28.69 28.86 208.39 28.58 25.47 23,7 98.3 0,3885 07 0.00629 7.15 6.680 7.90 T.41 7.44 7.42
2¢ 463.3 2n.5%2 28.5¢ 28.21 28.36 25.50 235.% s, 2 0.3U%E 07 0.00658 7.63 7.64 8.50 8.04 8.07 g8.06

AVERAGE VALUES THROUGH STATIONS 15 10 20:
J9t.6 28.57 28.59 28.34 20.46 25.40 23,2 sB.% 0.38B7K 07 ¢.00556 T.27 7.24 7.85 7.54 7.55 7.54
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INPUT ELRCTRIC POWER = 6515,6 W HEAT RATE GAILUED BY WATER = 8S16.9 W HEAT BALARCE FRRON o 5.26%
MASS FLOW RATE =« 55,0871 G/& PRESSURE DROP = 9.43) MM HZO FRICTION FACTON = 0.09H242 ek 16,0924
REM - 163.0 GuMe = 0. 1B4B48E D6 UPSTHREAM BULK TEMPERATURE = 27.08 DEG C DOWHSTREAM BULK FEMPERATURE o 30,72 DEG ©
PRM = ng .58 HAM+ w Q. IG3I77E OB MUHLETY BULK TEMPEIATURE = 27.09 DpDEG C QUTLET HULK IEMPERATULIE « JU.72 bEG C
S5TA- z ~HWALL rEMPERATURE {(DEG C) < Tn 111 4 P HA+ z+ e — - - RUSSHLT HUMBER ~ow e wol

TION CM M B AVER- (c) A ] cC = AVERAGE

NO. AGE T 1]
"5'"""8f5“*55i55"EETEE""EST?S_'55?55'-53?55“""753?5"'6372"“6fTE5;'68"6?58558'""55;%5”“55?56""37?53'"38?85""§5f55 """""
i 1.8 29.59 29.61 29.51 29.56 27.10 154 ,2 23.% O0,t53E 08 0.00003 34.28 34,04 3h.44 34.79 34.40

2 2.5 29.83 29.05 29,77 29.80 27T. 011 I54.2 93.5 O0.153F 08 0.00006 atr.at 3.7 32,08 jt.6a8 3t.69

3 5.5 30.53 30.57 30.5%5 30.585 27.113 iI54.4 93.5% 0.153E 08 0.00013 25,10 24.87 24.99 24.99 24.99 24.99
4 15.5 .09 31.75 31.79 31.81% 27.21% i54.8 923.2 0.154E 08 0.000215 tg.25 t8.81 18.63 18.58 t8.58 18.s58
8 25.5 32.77 32.79 32.4%9 32.64 27.29 155,14 93.0 0,154 08 0.00058 15,657 15,52 16.42 15.97 15,98 15.97
6 15.5 33.692 33.66 33.35 31.51 27.44 I55.92 92.6 0,155 08 0.00t04 131.68 13.75 t4.48 t4.08 14.09 ta.08
7 75.5 34.61 34.36 34.06 34.27 27.67 187 .4 92.0 O0.156E 08 0.00172 12.31 12,79 £E3.37 12,95 12.96 12.95
a to5.5 34,92 34.92 3a.66 34.81 27.914 IS0.4 91.3 o0.i568 08 0.00240 12.08 t2.19 12.66 12.138 12.39 12.39
2] t35.5 35,36 35.24 34.38 31.84 28.14 I59.6 90.7 0,159 08 0.00308 11.85 12.03 t3.70 t2.76 t12.82 12,79
to 165.2 35.408 35.40 34a.923 5. 10 28.37 I60.8 90.1 0.160F DB 0.00375 12.02 12,16 t3.04 12.54 12.56 12.569
18 205.2 35.66 35.50 34.77 35.17 28.68 162.5 689.2 0,.162E D8 0,00466 12.25 12.53 .08 13,1487 13.22 tj.19
12 246.2 15.97 35.93 3s.4a0 35.68 28.99 f64.3 80.4 0.164E 08 0.00556 12.25 12,33 £3.34 12.79 12.81% 12.80
13 275,2 36.023 35.86 35,30 315.62 29._22 t65.6 B7.7 O0.1666E 08 0.00623 12.57 12.89 t4.09 £3.37 I3.41¢ t3.39
4 AnG.2 36.30 36,23 356.73 36.00 29.45 162.0 87.1 0.1I675 08 0.00691 12.50 12.63 t3.64 13.08 F2.10 13.99
15 333.2 36.50 36.55 35.45 36.19 29,67 168.2 86.5 0.1695 08 0.00754 12.53 12.15 13,85 13.104 i3.47 i3.15
16 163, 2 36.08 36.a08 3%5.96 36.42 29.90 169.6 6B85.8 O.I70E 08 0,00821 12,24 £2.27 t1.1% t3.14 13.21 t3.18
§7 I83.3 37.06 26.08 35.93 36.45 30.08 t70.6 8S5.4 G.172R 08B 0.00865 12.24 12.56 11.57 b3.40 132.49 E3_44
1B 403.32 37.14 36.98 3a.11% 36.58 30.21 171.5 8%.0 0.173g 0B 0.00910 12.42 12.67 14.53 13.46 13.54 t3.50
19 423,23 Ja.9343 36.77 35.07 36.36 30.36 172.5 84.6 0.1748 08 0.00955 13.013 $31.38 15.508 12,30 t4.239 14.34
20 443.3 37.321 37.62 36.37 36.90 36.52 £73.5 84,1 0.176 08 0.0099%9 12.59 12.23 t14.66 13.44 13.54 t3.49
21 462,32 36.61 36.81 35.%4 36.12 30.67 174.5 82,7 Q.1768 08 0.0t044 11.46 13.90 17.62 I5.73 15,92 156.82

AVERAGE VALUES TIIROUGH STATIONS 15 TO 20:

391.6 36.97 36.93 36.01 36.40 30.12 171.0 85.2 0,172 08 0.008814 12.52 12,59 14.56 13.48 13.56 13.52
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LUPUT ELECTRIC POWER = H550.6 W HEAT RATE GAINED BY WATER = $29,8 W HEAT BALANCE EQROR = S, 10%

MASS FLOW RATE = B6.3410 G/S5 PRESSURE DROEP = 16,212 MM 1HZ0 FRICTIOH FACTOIR = OQ,0615%1 FREH = 15.0657
REM = 248.9 GitMe: = 0.1778SE 06 UPSTRREAM DULK TEMPERATURE = 26.80 DEG C DOWNSTREAM RULK TEMPERATURE = 29,10 DEG C
PRAM = 9t.10 RAMe = 0.16202E 00 LHLEYT BULK ‘TEMPERATURE = 26.80 DEG C CUTLET BULK ‘TEMIPERATURE = 29.18 DEG ¢
STA= F3 ~WALI, TEMPERAMURE (DEG C) = Nl RE [S1 A+ 24 memmeae e HUSSELT HUMDER ——-r-omme o
TIOH ci A n < AVER- (c) M n C === AVERAGE —=—-—-
NO. AGE T 1 ey
"6""'6?5'"ESTIT"“EETZE"ESTST""SGT3&"55?56“"'"235?5"52TZ_'ST?EEE'SQ"ETEBSE'""“5%;&5"'53?35 """""

1 1.5 29.77 29.7% 29.70 29.72 26.01 239.4 94.4 0,155 08 0.00002 29.5%6 29.710

2 2.5 Jo.o2 30.00 29.96 29.90 6.8 2319.4 94.3 0,165 OB 0.00004 27.32 2T.47

3 5.5 30.76 30.73 30.75 30.75 265.83 239.6 91.3 0. 1L5E Ul ae.o00008 22.25 22.40

49 is.s 32.06 3t.98 3.9 31.96 26.488 240.0 294.2 0. 15688 08 0.00023 16.89 17.17

S 25,5 32.49 33.02 32.60 32.78 26.93 240.4 94.0 0.156E 08 0.0003237 11.69 14.37

3 45.5 33.86 33.02 33.486 33.65 27.03 241.2 93.7 0.156E 08B 0.00066 12.82 12.88

7 75,85 34.73 34.52 34.23 34.42 27.18 242.3 23.13 Q. 157 08 0.00110 tt._60 11.92

8 106.5 35.22 35.14 3a2.02 35.0% 27.34 243.6 82.9 0.158E 08 0.00182 1. 1o 13,22

9 125 .5 35.52 35.47 3l.66 Js.040 27.49 244.8 92.% 0.1598 08 0.00197 tg.89 10.97
10 1665.2 35.65 i5.57 36.15 3G.238 27.64 246.0 92.1 O.V60FE OB 0,.00240 t0.93 tt.o0e

it 205.2 35.78 I%.73 35.05 36G.40 27.84 247.7 9t.% O0.181E 08 0.00298 11,04 LI I I}

2 245.2 36.20 J6.21% 36.63 35.92 28.04 249.3 90.9 0.162E 08 0.00358 10.74 ,|0'?3

13 276.2 36.25 I6. 14 36.52 35.46 28.20 250.6 90.5 D.)63E 08 0.00399  10.B7 11.03

tq 306.2 36.58 36.45 35.90 36.21 20.35 251.9 90.14 0.164E 00 0.00442 10.65 to.81t

15 333.3 36.713 36.83 36.08 36.43 20.49 253, 4 89.7 0.165E o8 0.00483 10.641 to.51

i6 363.3 a7.10 37.01 36.12 36.62 28.64 R54.4 89.1 0.I66E OB 0.00%26 10,36 t0.38

1 %4 Jel.3 37.28 37.05 36.16 36,66 248.74 255.2 89.0 0.167F 08 0.00555 In.27 Q.56

18 403.3 37.33 37.09 36.28 36.75 28.84 256.2 H8.7 0,167 0B 0.0D5B3 10.33 to.64

19 4213.3 37.05 36.94 36.09 36.54 28.9% 257,10 8.5 0D.1GAE 0B 0.00612 1n.a2 fto.90
20 443.3 37.49 37.70 36.54 37.07 29.05 2%58.0 oB.2 0.!69E 08 0.00641 fo.38 "10.t4
2 463.3 316,94 37.04 36.77 36.38 29 .15 258.9 #7.9 0.1698 08 0.00670 11,26 11,42

AVERAGE VALUES THRQUGH STATIONS 15 TO 20:
39t.6 37.4872 3r.12 36.21% 16.608 28.79 264%.7 88.9 0,167 08 0.0uS567 10.17 10,53 11.810 ti.12 it.tl6 1,54
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IHPUT ELECTRIC POWER = 53.7 W IHEAT RATE GAINED BY WATER = 52.2 W HEAT BALANCE EIIROR = 2,.78%
MASS FLOW NIATE = 11.6414 G/S PRESSURE LDROP = 0.462 MM 120 FRICTION FACTOR = 0,114300 FltEM4 = 16.3180
REM = 122.0 GuM+y w 0,23169F8 06 UPSTREAM DULK FEMPERATURE = §3.22 DEG C© DOWHSTREAM RBULK TEMPERANTURE = 54,68 DEG C
Pl = 20,52 NAME w 0.481661 07 1HLET DBULIL 'CEMPRITATUNRE = $3.22 DEG C OUTLET BULK TEMIERATHNRY ~ B4.68 DG C
STA- ¢ ~WALL TEMPEIATURE (DEG C) -~ TH nE ' HA+ F 2 ST g poprgn HUSSELT HUMBE —= - - -« me e
TION M A 1 o] AVENR- (c) A B [ AVERAGE
NO. MNGE 0y 1
"0 0.0 54.32 54.31 51.29 54.30 53.23  139.6 20.8  0.160% 07 0.00001 6,99 1.0t 7.13 7.01 1.07 7103
9 1.5 54.34 54,33 54,32 54,33 $3.23 139.7 20,8 0,468 07 0.00017 6.R7 6.91 6.98 6.94 6.94 6.94
2 2.5 54.35 54.35 54.34 064.35 53.23 39,7 20.8 O0.468E 07 0.00028 6.79 6.83 6.48 6.85 §.85 6.85
3 5.5 54.40 54.39 54.40 54.40 63,24 t39.7 20.8 O0.4GBE 07 0.00062 6.57 6.63 6.60 6.6G0 6.60 6.60
4 15.5 S4.71 54.48 54.54 54,57 53,27 139.8 20.8 0,463k 07 0.00175 5.29 6,31 .01 5.89 5.91 5.90
s 2.5 54.46 S54.66 54.39 S54.48 53,30 139.9 20.8 0,469 07 0.00288 6.59 5.61 7.02 6.5 6.56 6.53
& 45.5 54.56 54.63 54,62 S4.61 53.237 140.1  20.8 0.470E 07 0.00S14 G.38 6.02 6.07 6.13 6. 14 6.14
7 78.5 54,94 %4.66 54.79 54.79 53.46 140,420, 0.472E 07 0.00853 5.16 6.3 5.74 5.71 5.74 5.73
B 105.5 5$4.90 %4.74 55.49 65,15 53.58% 140.7 20.7 0.474E 07 0.01192 5.67 6.43 3.94 4.76  5.00 4.88
9 (35.5%5 55.26 S56.33 54.92 55,61 53,64 141.0 20,7 0.476E 07 0,01530 1.72 .52 5.99 §.22 S.9t 5.26
t0 65,2 55.00 54.97 55.32 55,15 53.74 141.3 20.6 0.477E 07 U.0V06S 6,05 6. 18 1.81 5.8 5.46 5.42
11 205.2 56.29 65.19 G&55.00 55.12 53.86 141.7 20.6 0.4808 07 D0.02316 5.15 5.74 6.72 6.07 6.13 6.10
12 245.2 85.62 55.21 5%.59 55.50 53.98 142.1 20.5 O0.482F 07 0.02767 1.67 6.20 1.76 S.03 S.10 5.06
13 27%.2 55.36 S%.36 5%.687 55.51 54.08 142.4 20.5 0.484E 07 0.03105S 5.96 5.96 14.80 5.32 5.38 5.35
14 305.2 6%5.44 5%.,24 55,48 S5.41 G4.17 142.8 20.4 O0.486FE 07 0.034423 6.00 T.12 5.82 6,15 6.19 6.17
15 333.3 £5.%4 55,49 S%.83 55.67 54.26 143.0 20.4 0.48BE 07 ©0.03759 5.94  &.20 .07 5.40 5,47 5.43
16 363.3 55,90 S85.76 55.48 55.66 54.35 143.4 20.3 0.490E 07 0.04097 ' 4.92 5.43 6.74 5.89 5.96 5.%0
t7 283.3 56.09 S55.73 55.45 55,60 S4.41 143.6 20.3 0.49%IE 07 ©€.04322 4.55 577 7.36 6.02 6.26 6.14
18 403.3 55.92 65.66 56.03 55,91 54,47 143.8 20.3 0,492 07 G.D4547 5,29 6.141 4.89 5.31 5.38B 5,34
19 423.3 85.79 655.76 655.56 556.67 54,54 144.0 20.3 0,493 07 0.04771 6.08 6.24 ?.43 6.74 6.80 6.77
20 443.3 56.00 56.28 66.01 56.08 54.60 144.2 20.2 0.495E 07 0.04996 6,43 ‘4.55 5.39 5.16 5.19 S5.17
21 463.3 56.04 56.5%1 56.73 56.51 64.66 144.4 20.2 0.,496E 07 0.06221 5.53 4.05 3.64 4.12 2.24 4.8
AVERAGE VALUES THROUGH STAI'IONS 15 TO 20:

I9t. 6 HS.07 55.78 55.73 55%.78 54.44 143.7 20.3 0.491E 07 0.04418 5.37 %.77 6.1 5,75 5.84 5.79
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INPUT ELECTRIC POWENR = 7%.5 W HEAT RATE GAINED BY WATER = 75.1 W HEAT BALANCE FRROR « 0§.59%
MASS FLOW RATE = 24.60827 G/S PRESSURE DROE = 1,425 MM 1120 FRICTION FACTOR = 0,071815% FitEM = 16.5188
HEM = 230.0 GliMe = 0, 19083E 066 UPSTREAM BULK TEMPEHATURE » 44.44 DEG C DOWNHSTHREAM BULK TEMPERATUNRE «» 45.44 DEG C
PR = 26,17 RAM+ = 0.52039E 07 INLET BULK TEMPEUATURE a 44,4% DEG C OUTLET DUYLK TEMPERATURE = 45.44 DEG C
STA- Z ~HALL TEMPERATURYE (DEG C) - Th e Pit Tth Z+ [y ETTa NUSSELT NUMIENR -—-—escwooio-
TION CM M 1 [ AVEILt~ {c) A n [ - L~ AVRUAGE
HO. AGE M
"0 0.0 45.92 45.927 45.95 45.94 44.45 2263 26.8 0.5168 07 0.00000 7535 7.3 1.33 .28 3.38 378

L] 1.5 145.9% 445,95 15.97 15.96 41.45 226.13 26.6 U0O.51SE 07 0.00008 7.22 7.21% T.102 T.47 T.47

2 2.5 45.97 45.97 45,99 4%.98 424.45 226.3 26.6 0.515 07 0.00014 7.14 7.12 7.06 1.09 7.09

3 5.5 46.03 46.04 A4A6.03 46.03 44,46 226.3 26.6 O0.515E 07 0.00030 6.89 6.87 6.08 6.88 £.08

4 1I5.5 46.43 46,19 16.22 1G6.26 44 .48 226.4% 26.5 0,515 07 0.00085 5.57 6,35 6.22 6.07 6.09

5 25.5 46.24 46.28 46.17 46.21 44.50 226.6 26.5 O0.5ISE 07 0.00140 6.25 6.11 6.49 6.33 6.33

& 45.% 46.52 46,46 46G.36 1G6.42 14.54 227.0 26.5 O0.516E 07 0,00249 5.50 5.67 5,96 $.77 5.77

? 1585 46.70 46.42 46.62 46.59 44.61 227.4 26.4 O0.517E 07 0.00413 5.19 5.99 5,39 5.47 5.49

B 105.5 46.63 46.56 47.08 46.81 44.67 227.9 26.4 O0.S17 07 0.00577 5.53 5,73 4.5 S.01 5.07

9 135.5 426.95 46.90 46.65 416.78 44.73 228.4 26.3 O0.%18E 07 0.00741 1.90 5.01 5.68 5.29 5.32

f0 165.2 46,75 46.76 46.%1 46.84 14.B0 228.8B 26.3 0,519 07 0.009%03 5.55 5.53 H.13 5.32 5.33 5.33
11 205.2 46.94 46.81 46.60 16.78 14.88 229.5% 26.2 0,5208 07 Q.01122 5.27 5.64 6.04 5.73 .75 5.74
12 245.2 47.16 46.82 47.01 47.00 44,97 230.1 26,2 .52 07 0.01340 1.96 5.82 .31 5,34 5.36 5.35%
t2 275.2 46.93 46,76 47.02 46.93 as5.03 230.6 26.! 0G.S52ig 07 0.01504 5.72 &.28 5,47 5.72 6.73 5.72
14 305.2 46,.9¢ 46.89 46.82 A46.86 45,10 231, 26.! O0.522E 07 0.01667 5.99 6.07 .30 6,16 6.18 6.6
18 333.3 47.06 46.968 47.00 47.00 45,16 231.6 26.0 0.523F 07 0.0ta20 5.70 5.96 .47 5.85 5.48% 5.85
16 363.3 47.30 47.14 46.87 47,05 45,22 232.0 26.60 0.5245 07 D0D.01984 5.23 5,69 6.57 5.95 5.01 5.98
t7 383.3 47.45% 47.!8 46.92 47.12 45.26 232.4 25.9 0.S524E 07 0.02093 4.96 5.67 6.52 5.8% 5.92 5.88
18 403.3 47.27 47.07 46.95 47.06 45.30 232.7 2.9 0.525E 07 0.02202 5.52 6,14 6.60 6.8 6.21 6.19
19 423.3 47.13 47.13 47,00 47.06 45,35 233.0 25.9 0,525 07 0.022311 6,11 6.0%9 6.57 6.33 6.33 6.33
20 443.3 47,20 47.38 47.0% 47.15 45,39 233.4 25.8 0.%26E 07 D.02419 6,00 5.4% 6.70 6.17 6.21 6.19
2% 463.3 47,22 47.45 46.9%92 47.13 45,43 233.7 25.8 0,%26E 07 D0.02528B 6.08 $.39 7.32 6.42 6.53 6.47
AVERAGE VALUES TIROUGH S'FATIONS 15 TO 20;

391.6 47.24 47.15 16.96 47.00 45.28 232.5 25.9 0.5%24R 07 0.02128 5.58 5.83 6.47 6.05 6.09 6.07
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OWEIt = 144.6 W HEAT RATE GAINFED RY WATER = 41,9 W v HEAT BALAHCE ritnon o« 1.90%

MASS FLOW RATE = 15 5568 G/% PRESSURE LROPP = 0.886 MM H20 FRICTION FACTOR = 0,1122311 Fllkn = 16.6098
REM = 147.9 Ghwte = 0. JBTUTE Q6 UPSTREAM DULK ‘PEMUERATURE = 244,06 DRG C DOWNSTREAM AULK ‘FEMPERATUNRE = 47,06 1FRG C
PHUM - 25,710 HAME = 0.996818 07 THRLETT DULK TEMPERATURE = 44.06 DEG C OUTLET NULK TEMUKRATUNRE - 47,006 LEG ¢
STA- 4 ~WALL TEMPERATURE {(DRG CJ - ‘rn ne PR HA» Z+
TIOH CM T n C AVER- (c) :
HO. AGE
To 0.0 a5.62  45.78 45.82 45.01 14.06  140.8  26.5 0.964% 07 0.00000 1 11.9% vi.ei vi.70 1ile 1il70
1 1.5 45.08 145.82 15.06 45,86 44.G7 140.39 26.9 0.96%E 07 6.00n013 11,34 11.72 pe.at tt.a7 ti.47 141.47
2 2.5 15.92 45.84 45.89 45.89 14 .08 140.9 26.48 0.965E 07 0.00022 [ 11,89 t1.27 18,31 $11.32 1,32
3 5.5 16.03 45.92 15.908 15.98 44.09 1491.0 26.8 a.96%E 07 0.00048 t0.%8 14,20 1g.80 10.4858 to.u8 to.88
4 15.% 16.%54 46.36 46.39 46.42 14.16 i41.3 26.0 0.966E 07 0.00135 8.61 9.32 9.7 2.06 g.07 2.06
5 25.5 46.69 16.79 46.1% 16.59 44.22 144.6 26.7 0.9688 07 0.,00222 8.31 7:99 9.19 8,6¢ 2.67 8.65
[ 45.5 46.9¢ 46.91 16.87 46.89 44.35 142, 2 26.6 0,970 07 g.00395 g.01 8.0 a.t3 2.07 8a.07 8.07
7 75,5 47.26 16.92 47.10 47.14 44.54 142.0 26.5 0,974 07 0.00656 7.54 B.6Y T.76 7.9%0 7.92 .91
8 105.5 47.19 47,12 47.65 47.40 44.73 143.9 26.3 0,979, Q7 0.00915 | 8.33 8.58 7.02 7.68 . T.74 7.7
2 135.5 47.51 47.58 147.26 47.41 44.92 f44.8 26.2 0.981E Q7 0.01175% 7.92 7.72 8.76 a.,26 8.23 a.28
10 165.2 47.32 47.27 47.54 47.42 45,141 145.7 26,0 0.9878 07 0.01432 2.32 ‘9.53 8.46 0.9¢ 8.94 8.93
[ 2] 205,2 47.50 17.48 47.30 47.40 4%.37 147.0 25.8 0.993E 07 0.017277 9.61 9.70 LG .64 i0.t2 t0,15 10.14
i2 245.2 47.72 17.66 47.53 47.%8 45.62 148.2 G.6 0.990E 07 0,02122 9.77 iI0.63 .o .48 ta.%a 1o.49
2 275.,2 47.72 47.66 47.93 47.81 15.82 149,2 25.% 0.100E 08 0.02380 10.80 .13 9.72 B3 1G.34 10.33
14 3ns.2 47.92 47.78 47.84 47.05 46,01 150.2 25,3 0,101 u8 0.02638 10.74 tE,56 fe.2¢ LI I ti1.18 ti.t8
15 333.3 40.19 40.22 10.37 40,29 46,19 15t} 2%5.2 c.10tr 08 0.02879 to.28 ~Iu.lZ 9.4 2.79 °.80 9.60
te 263.3 18.60 48.50 48.28 18.41 16,38 152,14 25.1 a,102g 08 0.031!136 9.286 9.68 t0.81 0.09 10,14 0.3
7 3s3.3 10.87 40.53 48.33 8.51 16.50 12,7 25.0 0.1025 08 0.03307 8.68 ta. Ve .28 10.23 10,35 10.29
LX) A03.3 18.80 40.65 40,94 18.82 46.63 153.4 24,9 O0.1028 08 0.03478 9.49 10,22 8.92 .36 2.38 S_.37
19 423.3 140.87 48.76 18.62 AB.72 16.76 154.1 24.4 0,103 0B 0.03649 3.75 IO.lJi t1.04 ta.50 10.53 10.52
20 443.3 19.12 49.31 49. 11 19.16 6.0 '354.8 24.7 G.103E 08 0.03820 9.22 a.,50 - .27 9.05 9.06 9.06
2% 463.3 49.13 49.45 489.69 149.49 a1.02 155.3 24.6 O0.103E 08 0.03991 9.273 8.45 7.69 8.321 8.39 @4.35

AVERAGE VALUES °“FHROUGIH STATIONS 16 TO 20:

391.6 48.74

48.66 4148.61 18,65 416.56 i53.0 24.9 0.1028 08 0.03178 9.45 9.83 " t0.12 9.81 9.88 9.86
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INCUT ELECTUIC DPOWEIRR = 154.4 W IHEAT RATE GAINED Y WATER n 151,080 W HEAM BALANCE BHRON =+ §.70%
MASS FLOW RATE = 26,5020 G/5 PRESSUIIE DROP > 1,658 MM 120 FRICTION FACTOR n 0,072107 Fltd » 16,2768
REM w 2255 GuM+ = 0.316D5E U6 UISTHEAM BULK TEMCERATURE « 41.00 DEG C DOWNSTIEAM NULK TEMPERATURE » 42.8Y DEG C
Pt = 20.50 RAM+ » 0.90062E 07 FHLET NULK TEMPERATURE a 41.00 BEG C OUTLET BULK TEMPERATURE - 42,89 DEG C
ETA< Z ~“WALL, TEMPENATUNRE (DEG CJ -~ T N Ln G v mmemmaem e HURSELT NUMDENR ~——~===——=~=
TILON CM N n c AVEAL~ (¢cy A n C aewaa AVERAGE
HO. AGE " "
T T 0T 82054 Taz 94 42.72 42.73 41.00  210.7 29.4 0.964R G/  0.00000  12.67 12.55  12.60  12.62 12.62 12.62
1 1.5 42,77 42,78 42.76 42.77 4a1.01 218.7 29.31 0.9%4E 07 0.000008 12.37  12.34  12.44 12.au  2.40
2 2.5 42.79 142,80 42.79 42.79 a1.01 210.8. 29,3 0.9514e 07 6.00013 12.24 12,20 12.28 12,25 12.25
3 5.5 12.06 12.87 42.487 42.047 41,02 2{4.9 29.3 0.9558 07 0.00028 1i.8¢06 11,79 .02 be.nz2 [ ] .02
1 156.5 .431.00 42,06 42.91 42,94% 141,06 219.1 29,2 U.956E 07 u.00000 10.89 12,16 1H.62 Ii.52 10,86 14.5%
5 25.5 43.3¢ 41,50 43.13 43.27 121,10 219.14 29.2 0.958 07 g.00131 9.91 9.1 10,77 1n.a9 t9.04 0. 8¢
[ 15.5 143 .6% 13.61 43.40 43.56 at.10 220.0 29.1 0.9618E8 07 Qg.00233 B._ﬂ" n,9u 9.5 9.9 9.20 9,20
7 75.5 43.87 43.56 43.7% 43.73 4l.3} 220.9 29.0 0.9658 07 D.OLIBY u.50 9.7 0.93 9.0 9.0u2 9.01%
B 105.5. 42.82 43.082 44,21 44.02 14,43 224,77 2.9 Q.9708E 07 a.nusat 9.12 G.12 7.8 B.492 8.47 8.45
9 135.5 44,12 44.07 43.083 43.96 41.55 222.6 2B.B U.975FK 07 0.0UG94 6,40 0.6% 9.55 9.03 Y.06 9.05
ggno 165.2 4J.95 44.06 44.13 44.07 41.67 223.% 20,7 0.979E U7 0.00846 9.856 9.2 B.06 9.09 9. 18 .09
it 205,2 44 .10 44,01 43.93 44.03 4t.83 224.7 20,6 0,.903G6E 07 0.01051 9.29 9.%7 to0.40 g.Uu9 9.492 9.91
12 245.,2 14 .55 44.43 43.90 44.23 41.99 225.48 20.5 Q.909E 07 0.01255 8.54 .96 10.96 9.T3 V.86 %.79
13 275.2 44.365 44,35 44.29 44.32 42.11 226.6 20,1 0,992E 07 O0.0t408 9.77 9.77  to,.03 9.94 9.90 9.90
14 305.2 44.30 44.25 44.06 44.24 42,23 227.4 2.3 0.994E 07 0.01561 tn.t4  10.83  $1.32 10.B8  1U.90 10.09
15 333,33 44.48 44.50 44.44 44.47 42_34 228.2 20.2 O0.99G6FE 07 0.01704 t0.23 10.15 10,40 0,29 10,30 10,30
16 363.3 44.7% 44.959 141,20 44,408 12,46 229.0 2.t 0.999E 07 o.0tas7 9,57 ft0.27 t2.u0  J10.06 10,96 1o.9¢t
17 3I83.3 44.90 44.64 44.40 44,59 42.54 229.6 28.0 O.1U0E OB 0.0!1959 9.29 10.40 11.76 10.70 wO.4Y% (0,75
18 403.32 A2.065 44.66 44.05 44,00 42.62 230,91 20,0 0,100F 00 0.02061 9.84 10,73 9.82 10.04 (0.05 10.04
19 423.3 44.82 44.72 44.%4 44.65 A42.70 230.7 27.9 O0.100E 08 0.0D2162 10.34  10.083  10.92 31,21 11,25 11,23
20 413.32 46.06 A45.12 44.92 45.00 42.78 231.3 27.9 0.101E 080 0.02264 9.63 9.36 10.25 9.06 g.08 9.0%
21 463.3 4%.20 45.39 4%5.53 45.41 42.06 231.8 27.8 0.101E 88 0.02366 9.37 0.67 8.2u 8.59 g.61 8.60

AVERAGE VALUES TIHOUGH STAI'IONS IS5 ‘10 20;

Jot.6 44,81

44.71

14.67 14.66 12.58 229.8 2.0 0.10UE 04 v.e200t 3.82 .29 .03 f0.49 10.54 Q.52
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INPUT ELECTHIC DPOWENR n 221.0 W HEAT (IATE GALHED RY WATEIL = 211.6 W HEANY BALANCE BRIOR 4.23%
MASS FLOW RATE = (8.6933 G/s PHESSURE DHOP = L2010 Hao FRICIEION FACTOR = 0,111 325 EHEM = 15.651248
NEM = 139.13 GUMr « D,.367441R 06 UVUSTIEAM BULK TEMURRATINGE = 15,09 DEG C DOWHSTHEAM NULK PEMUERATUNE » 39,67 DEG C
PR = 32.02 BAMy = QG 1172661 OO [N TEMEHIATLIIRGE 7 35,09 HEG C QUITLET 1ML PEMIPEIIATUIE - 19,66 G ¢
STA- T ~WALL TEMPEAATURE TDRG CJ~ ‘'n [ [l [ e —oneLooTTT HUSSELT HUMNER -7
TIOHR CM 1Y n [ AVEI -~ () A n c AVERAGE —=www
HO., AGE 1 et
-6"""'ETG““SBTEE""SSTSE""SBT5;'"§§TZ§“”5£?5§"""T§}TE"EETE”"STTE;E'86""5f88568”"'5TSE“"'E?GE""STGG'""BTBE'"'5?65"'5?65
1 1.5 39.232 39.26 Jo.an 39.2%9 15,90 131.9 Ja.6 O.109E 08 0.00011 8.06 g,.u0 n,.91 .92 Q.92 8.92
2 2.5 39%.35 39.29 3%.232 19,32 35.91 i31.9 33.6 L1098 OB 0.00019 8.70 8.95 n.4% B.U6 a.486 i1.8s
3 5.5 39.47 39.37 39.42 39.42 35,94 1312.0 33.6 0,109 08B 0,00041 0.55 8,79 0.67 a8.67 8.67 .67
4 15.5 . 1%.90 39.93 40,00 39,96 36.02 t32.12 23.4% . tu9E o8 D.00118 7.79 T.13 7.59 T.64 7.648 ?7.60
5 25.9% 40.10 40,10 A0.1%5 40,12 16,10 t32.6 33.5 V. 110E 0B n.00109 7.56 7.5%% 7.47 7.5¢% 7.51% 7.%¢8
6 46.5 40.%5% 40,42 40¢.31 40,40 36.26 133.2 23,3 0,181 08 0.00337 7.01 7.26 7.96 7.130 7.3 7.3
7 75.5 40.7%7 10.58 40.66 40.66 36,50 134.2 31.1 Q.1128 08 0.00559 7.08 T.44 7.28 7.26 7.26 7.26
1] IDS.S’ 40,90 40.05 a0.72 140.80 J6,. 74 135,.2 32.2 0,113 00 g.ao0780 7.28 7.36 7,59 7.45 7.14% 7.4%
9 135.5 40,484 141.13 40.79 10.89 16.98 136,14 3z2.7 0. 14 08 0.0t002 7.04 7.30 7.93 T.74 7.7% 7.75
10 165.2 40.%983 40,91 40.70 40.86 37.22 37,1 32.9 0.11SE 0B ©.0t220 8.05 6.19 n.s0 H,31 6.3 .31
[ 205,.2 A0.91% 41,43 141,00 41,01 37.%5a 130.23 32.2 .11 0w O.01514 n.99 .44 8.74 g.72 H.P3 g.72
12 249,2 448.37 40.52 41.29 421,37 37.06 t39.6 3t.9 U.V10E 0B 0.010008 8,64 n.zn B.03 B.64 .64 .64
13 275.2 40.25 21,54 1.4 141,42 an. o t10.6 A7 0H.1198 08 H.uo2020 2.61 a.82 9,08 9.14 ¥.15 Y.14
14 JOoS.2 41.06 11.09 41.73 144.00 la.34 141.6 Ji.S 0.1208 0D 0.02247 B.62 H.%3 8.96 .76 B.717 /.77
15 333.23 242.0¢t 12,07 41.94 18,99 A0.57 142.6 1.2 G, 1218 un 0.02453 6.82 B.65 8.99 a.u6 RN.06 $.86
i6 3163.3 42,7018 42.27 12.03 42.16 ag.o1l 'lfl].G 3. 0,122 08 0.02672 .66 u4.717% 9.4 29.05 9.06 8,05
17 83.3 421.62 42,39 42,10 142,31 36.97 44,3 1.0 G. 123 04 o.o02817 a.30 .06 9.68 9.09 .13 Q.4
[ ] 403,323 42.69 42.47 12.649 42.50 39,13 145, 0 3u.9 U, 124 o0 0,02963 8.70 9.07 8.65 .79 u.79 n.79e
t9 423.3 42.608 42.6% 42,41 42.5%4 19.29 tas .7 30.7 0.124E 08 v.o03t08 0.95 9.u03 9.72 9.34 3.36 9.38
20 4¢3.3 42.91¢ 142.00 42,02 12.91% 39.45 t146.5 30.6 0,125 0D 0.03253 a.r7 u.37 9.00 6.8 B.79 8.78
21 463,3 43.12 13.33 143.44 43.234 39.61¢ tavr.2 1.5 0.126FE 08 H.031398 8.65 u.17 7.491 B.t5 Bg.16 u.1s5
AVENAGE VALUES THROUGIH STATIONS 15 10 20
39¢.6 42.652 42.49 42,232 42.11 3g.04 t44 .6 3.0 0.1231 08 0.02a78 8.71 u.79 9.24 3.929 9.00 8.99
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INPUT EBLECTRIC PPOWER = 193.0 W HEAT RATE GALDRI DY WATER » 109,33 W HEAT BALANCE EUROR ~  1,.0U%
MASS FLOW NATE = 33.4100 G/S PRESSURE DO = 2,432 M 1120 FIICTION FACTON = D.0644U9 FUEM » 16,3846
nREM - 25404 GitM+ = 0.34414E 06 UPSTHEAM NULK TEMPERATURE = 37.56 DEG C DOWHSTHEAM HULK TEMPRRATINE = 39.44 HEg ¢
PuM o= 21,99 HAMe = 0L 162138 G0 FTHLET BULRKR VEMPERATURE « 37T_.56G BEG C OUTLET UULRK TEMIPERATURE - 19.41 BKEG C
STA- 7 “WALL TEMUEINATUIGE (DREG CJ -~ Th e it AT F A= pepepeya HUSSELT HUMBERr --27= =T -=C
TIOH CM A n < AVER- {c) A 1 [ AVERAGE - —— -
NO. AGF » it T
"o 0.0 39.90 39.80 139.07 39.08  17.56  247.4 22.5 0.1548 00 0.00000  11.56  10.68 01.71 11.67  11.67  11.67
H 1.5 39.97 39,94 319.94 39,95 37.%6 247.5 22.% O.I15%4FE 00  0.00009 PR.27  11L300 0toan 8837 1R.37 0 18,37
2 2.5 40.01 19,90 19.99 39.99% 37.57 247.5 22.5 0,154 080 0,00015 11,08 $8.21  $1.20  $.8n b, 0@ 0,60
3 5.6 40,15 40.01t 40.13 40,13 37,40 247.6 22.% 0.(%4g 08 0.000132 10.5%4  10.72 tu.63 0,67 10.63 10.612
4 15.5 20,410 40.5% 140.%6 A0.52 37.62 247.9 22.5 N.1%48 00 a.00091 9.73 .26 9.20 9,34 9.395 9.34
5 25.5. 40.66 40,61 10,48 40.56 37.6G6 248.2 22.% 0.!151E 0B 0.00150 9.01 9.19 9,60 9.3% 9.3% 9.38
[ 49.8 41,06 40,99 40,07 40.95 37.72 240,80 22.4 0.45%58 08  0.0026D0 g.17 0.135 B.65 0,45 n.4% 8.1%
7 76.5 44.33 41,14 44,16 41,20 37.086 219.6  22.4 0.155%% 00 0.0044S T .0t n.26 n.22 B2 .13 n.12
g 106.5. 41,40 4).36 at.35% 41.37 37.90 250.5 22.3 '0.V56E 00 D.00621 7.92 n.o3 0.04 a.nl g.0t c.0t
2 t35.8% 401.4% 4i.58 421.24 41.37 38.10 251.4 22,2 0,187 08 0,00790 g.2! 7.9 B.63 f.30 .28 0.3t
12 166.2 41.5%4 41,36 41.%7 41,50 31,22 2G52.0 22,1 NLISIE 0B 0.00972 n.17 B.6G3 .09 .24 8.24 n.24
19 205.2 41,30 4t.52 4¢.40 41,40 30.30 2%3.5 22,) 0,Is08 U0 G, 01207 9.29 .64 8.99 n.97 4,90 .97
12 245.2 40.685 41.74 41.58 a4al.64 38.54 25%4.¥ 22.0 0.1%98 08 0.01442 n.73 n.an 0.93 n.786 n.77 8.7
i3 275.2 44,%1 48,76 A441.73 41,69 130.66 28%.6 21,9 0,I1GUe OB 0.01618 9.44 84.76 6.688 8.97 6.90 a4.97
14 305,2 At.9% 42.001 4i.04 41.90 304.78 256.6 21.8 O0,16!8 08 0.01794 n.e7 8.42 .88 B.71 8.7 u.71
5 333.3 42.18 42.24 42.0% 42.12 jg.a9 257.4 2.8 0Q.161E 08 g4.01958 8.27 Q.03 B.Gu 0.39 8.39 8.3%
16 363.3 42.20 42.15 22.15 42.16 39.02 258.4 21,7 0.162E 00 0.02134 8.53 A.65 8.67 8.63 #.63 B.63
17 383.3 42,62 42,34 42,16 42,32 139,40 289.0 21.6 0,162 08 0.02250 7.70 a.38 8.406 B.42 8.45 n.44
18 403.3 42.42 42,25 42.24 12,29 319.t8 259.6 21.6 Q.163E 08 0.02367 8.38 .03 0.86 0.3 n.73 8.713
t9  423.3 42,46 42,48 42,30 42,38 319.26 260.3 2¢.% UVU.163E OB 0.02484 8.149 B.42 8.92 a.60 0.6Y9 8.68
20 443.3 42,06 43.00 42,82 42.89 19,34 260.9 21.% 0.164F 08 0.02601! 7.72 7.26 7.9 1.63 7.64 7.61
201 463.3 43.08 43,16 43,28 43.i0 39,42 261.6 21.4 0O.164m 0B 0.02717 7.56 7.26 7.013 7.22 7.22 7.22

AVERAGE VALUES TUHROUGH STATIONS

15 10 20
391.6 42.45 42.42 42,29 A2

T 39.13 259,23 2.6 0.163E 0D 0.02299 B8.10 8.28 B.62 B.1t 8.42 B.42




BARKNAANAANRARARRRNRE AR § AR AACARANAS NN AEELAAN

IHBUT BLECTRIC fOWEnR = 160,12 W HEAT QATE GAIHED RY WATER = 159.7 W HEA'T HALANCE BEHROR = 0,.391%
MAGSS FLOW IIATE = (1B.6H63 G/S PRESSURE DNOE = |, 141 MM 1120 FRICTION FACTOR w D.100600 Fuee o~ 15,6190
REM = 165.3 Guriy =« 0.319056R 06 UPSTREAN DBULK TEMPERATURE » J9.09 0DEG C DOVHSTIHEAM NULK CEMURRATURE » 42.72 DEG C
e -« 29,04 RAMY = 0101508 OU THLET BULK TEMPERATURE uw 39.89 DEG C QUTLET NDULRK TEMPEINATUNLE = 42,72 DRG C
P
STA~ 2 “WALL TEMOERATUIE (DEG CJ - rn ne Pt A+ ZH me e HUSSELT HUMBER ——-- «-~-~=—=
TIOH  Ct4 N n [ of AVER-=- () A n c  e-——- AVERAGE ~———-—
Ho. AGE kS " Tl
To To.0 41.04 41.11 41.08 a1.08 39.89  148.4 30.2 0.961E U7 0.000G0  20.G7 10.08 19.25 19.35 19.36 19.36
t f.6 40,13 41,23 41,19 41.19 39,90 140.% 30,2 0.96& 07 d.uuUIl 18.66 17.24 17.79 17.86 17.47 17.06
2 2.5 41,20 40.32 41.26 41.26 39,91 1486.5 30.2 0.9628 07 0.00018 17.80 16.27 6.9} 16.9%  16.97  16.96
3 5.5 41.29 49.58 41.40 41,40 39.93 148.6 0.2 0.9628K 07 0.00040 t15.623 t3.919 14,72 14.72 14.795 ta.73
4 15,5 41,03 41.96 410,92 451,91 39.99 40,9 30,1 0.9658 07 0.001114 t2.47 11.64 bL.D%  §8.9%  E,US 18.9%
s 25,5 42,12 42,20 42,12 42.14 40,05 149,101 30.%  0.967E 07  0.00187 11,04 10.67  HL.08 1@.97  10.97 10.97
& 4.5 42,63 42,66 42.29 42.44 A0.147 149.7  30.0 0.97im 07 0.00333 9.30 9.57 10,02 to.08 (0,03 1Oo.t0
7 76.6 42,086 42,66 42.74 42.76 40.3% IS0.6 0 29,0 0,908 07 0.00563 9,15 9,91 9.6t 9. 57 9,60 G.u7
4] 105.5 43.09 43.04 43.01 42.04 40.53 Ist.a 29.7 0.905%K 07 0.00772 n.96 9.16  9.24 2.1!5 2.15 9.15
) $135.86 A3. 40 43,1319 42.91] 11.09 20.7¢ 152.3 29,5 0.992 07 0.00991 9.60 B8.56 0,33 9.656 o.7t g9.60
gg!o 166.2 43.39 43,22 A42.99 43.15 40.89 I53.2 29.4 0.999e 0?7 0.01207 9.10 9.06 10.9¢ to. 06 10,213 0,19
tl 206.2 43.33 a43.49 43,356 43.39 41.13 164.4 29.2 O0,.(0IE 00 0.0t1490 f0.43 9.73 lo.2n 10,07 10.t8 10,00
32 248.,2 43.06 43.07 43.7% 43.00 41,37 Y9 .6 29.0 0.lU2E 08 0.01749 9.22 Y. 2t 2.65 9.43 2.43 9,43
13 276.2 42.04 43,56 43.94 43.82 41,55 I56.% 20.0 0.Y03E 0GB 0.02006 10.05% 11,45 9.60 10,12 10,8 0.5
t4 205,22 44,44 44.47 44.27 44.37 41.73 157.4 20,7 O.1031E 00 0.02224 0,19 n.3n 9,05 8.23 .74 8.4
15 333.3 44.70 44.67 44.50 44,59 41,90 58,7 20.% 0,104 OB 0,02427 0.21 n.32 B.0% 0.55 0.6 g.55
16 " 363.3 44.%92 44.87 44.60 44,79, 42,00 19,2 25.4 0.104% 0B D0D.02644 8.1t .24 - .8.086 8.50 8.52 .61
17 3B83,3 45.41 45%.04 44.85 45.04 42.20 19,7 20.3 O0.I0SE 00 U0.02789 7.18 a.tt 0.69 8.12 6.17 8.4
io 403.3 45.24 =11.95 45.02 3n.93 42,32 160.3 28.2 0O,.V05E OB ©.,02934 7.09 —0:4] 8.513 -2.02 6.3 2.08
19 423.3 45,43 145,24 45,15 45,24 12.414 160.9 z2n. ) . HU%E 00 0.03078 ?7.99 7.95 ' B.49 B.22 n.23 .22
20 443.3 A45.23 45,46 45.26 45.30 42.56 IG1.5 28.0 0.1058 00 ©0.03222 8.65 7.96 B.5% .12 6.43 6.42
20 QA63.3 45,14 A%.27 44.32 44.76 A42.69 4G2.1 R27.9  0.10GE OB 0,03367 9.37 B.6% 14,09 11,008 1.6} td.342

AVERAGE VALUES “1MINOUGH STATIOHS 1S5 ‘T0 20: co. '
39t.6 15,14 J35.064 41.91 12.65 12.25 160.0 28.123 0. HOSKE QB 0.02049 B.00 6.69 n.66 G6.63 .00 7.32
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IHPUT FLECTRIC POWER = 60.3 W HEAT RATE GAINED RY WATER = 0.0 W HEAT AALABCE ERUOR =~  3.66%
MASS FLOW NATE = 23.4930 G/S PRESSURE DROP =  0.891 MM 120 FRICTION FACTOR = 0,.047%693 FHEM n 9.05808
REM = 198,14 GitMr = 0.13I50E 06 UPSTREAM BULK TEMPERATURE = 41.39 DEG C DOWNSTREAM BULK TEMPERATURE « 42.21 DEG C
URM w20 .62 RAM* n 0,376568 07 THLET BULK TEMPERATURE " 41,39 LDEG C QUTLET DULK TEMPERATURE = 42.21 DEG C
ETAS 7 —WALL TEMUERATUNE (DREG G- ™o 3 [n AT Ze smoses s —o S — MUSERLT HMUMREY e weo—c -
TION  CM A n C AVER-- (¢ A n [ e m AVERAGHE ———- -
HO. AGE o 1 T
"0 To.b 40.96 10.56 10-91 10.95 41.35  155.8 25.5 0.376m 87 soboooe asiia TIIIITTUIINIITTIIIIICTIIIIITTIIILL
1 .5 41,04 41.0% 41.03 41.04 41.40 195.8 29.0 0.370E 07 0.00009 RAAAM A mA wRAAE maAns Aeame  hARsw
2 2.5 41,10 40,11 At,10 4t,.1p 41.40 195.8 29.0 O0.3708 07 0.00018 L L T T T
3. 5.5 41.280 A41.29 41.29 41,29 41.40 195.6 29,0 0.37!g 07 o0.00032 AAWER AMAAE ARREA hhAAA MARAN masad
4 15.5 41,66 41,79 41.81 41.77 41.42 195,9 28,9 0,37!F 07 0.00090 35,36 22.6% 21,39 24,10 26,20 24.65
5 25.5 A41.96 42,03 41.95 441,97 41.44 196.0  28.9 0.371g 07 0.00148 16.09 14,15 3$6.1313 I15.67 15,72 115,70
[ 45.5 42,41 42.34 42,17 42.27 4al.47 196.3 28.9 0.3728 07 0.00264 a.91 9.62 ti.87 10.40 1$0.57 10.48
7. 75.5 42,74 42.55 42.57 42,61 41.52 196.6 28.9 0.372E 07 0.00438 6.H5 8.7 g.01 .72 7.76 7.74
8 105.5 42.87 Aa2.81 42.73 42.78 41.58 196.9 28.8 0.373F 07 0.00612 6.48 6.76 7.25 6.92 6.91 6.93
9 135.5 42,88 413.05 42.59 42.78 41.63 192.3 28.8 0.374E 07 O0.00786 6.69 5.87 6.64 7.25 7.46 7.36
10 165.2 43.00 42.82 42.7% 42,81 41.68 197.6 2B.7 0.3758 07 0.00958 6.34 7.30 8,10 7.39 7.46 7.42
fi 205.2 42.88 43.10 42.86 42.32 41.76 198.1 28.7 0.376R 07 0.01t@9 7.39 6.20 7.53 7.0 7.16 7,04
12 245.2 43.30 42.75 A3.18 41.10 41.82 198.5% 20.6 0.3778 07 0.01421 5.65 8.99 6.14 6.52 6.73 6.62
3 275.2 43.11 43,39 43.26 A3.26 41,87 198.8 28.6 0.377 07 0.01594 6.75 5.50 6.014 6.03 6.07 6.05
¥4 305.2 43.71 43.69 43,48 43.59 41,92 199.2 28.5 O.378E 07 0.01768 1.68 4.73 5,36 5.0 5.03 5.02
15 333.3 43.92 43.B8 43.65 43,77 41,97 I99.4 28.5 0.3785 07 0.01910 1.30 4.39 1.99 4.64 4.67 4.66
6 363.3 44.01 43.91 43.78 A3.B7 42.02 199 .8 28.4 0,379 07 0.02104 4.21 1.43 4.77 4.53 4.54 4.54
17 383.3 44,44 44.19 43.95 .44.14 42.06 200.0 28.1 0.3798 D7 0.02219 3.51 3.91 4.4 1.02 1.06 4.04
18 403.3 44.34 44.21 44.06 44.17 42.09 200.2 28.4 0.3798 07 ©0.02315 3.73 3.94 1.26 1.03 1.05 4.04
1® 423.3 44.37 44.33 44,15 44.25 432,13 200.4 28.4 ,0.379& 07 0.02450 3,73 3.80 4,14 3.94 3.95 3.95
20 443.3 44.27 44.49 43.78 44.0B 42.16 200.6 28.3 O,3H0E 07 0.02566 3.97 3.59 5,16 4.36 4.47 4.4
21 463.3 44.19% 44.30 43.28 43.76 42.20 200.8 208.3 O0.3IBOE 07 0.02681 4.2¢0 3.98 7.73 5.35 5.91 5.63
AVERAGE VALUES THROUGH STATIONS 15 TO 20:
394,6 44.22 44.17 43.89 44.05 12.07 200.% 28.4 0.3798 07 0.02267 3.91 4.01 4.62 4.26 4.29 4,27
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INOUT FLECTRIC POWENR o 240,1 w HEAT RATE GALHED RBY WATER = 239.0 W HEANT DALANCE finnon - 2.55%
MASS FLOW RATE » $14.673¢ G/S PRESSUNRE DROP »  0.481 MM 120 FRICTION FACTOR =« 0.0687613 FrkM = 8.44564
REM = 122.8 gnM+ = 0.520%38 06 UPSTREAM BULK ‘TEMPERATURE = 38.89 DEG C DOWNSTREAM RULK TEMPRIATURE = 44.17 DEG C
PRM - 28.84 RAMe+ = 0,.150t48 08 LHLET BULK TEMPERATURE = 38.90 DEG C OUTLEYT BULK 'FPEMIPERATURE = 44.17 DEG C
SThA- FA ~WALL TEMPERATURE (DEG C)- Th RE Plt A Z+ ikl uaialndada ko HUSSELT NUMHER - ----eeeeee o
TION CM M B AVELt~ (c) A n C  remee AVERAGE wwwww
HO. AGE r 11 ‘Tt
"0 0.0 41.22 41.24 a1.17 41.20 36.90  113.1 31.1 0.136E 08 0.00000  14.49 14.32 14.76 14.50 14.58 14.58
1 1.5 41,30 41,42 41.36 41,38 3g.92 113.1 31,1 . 136E 08 0.00014 13.60 13.39 t3.72 t3.61 I3.6° i3.61¢
2 2.5 41.50 41.54 41.49 41.51% 3g.91 113,14 3IT.0 0.136E 08 0.00023 13.04 12.82 t3.08 ti.01 13.01 13.0¢8
3 5.5 41,85 41,91 41.08 41.88 30.96 1§3.3 Jir.n o,136e 08 0.00052 11,63 19.36 11,49 ti.49 11,49 it.49
4 15.5 12.39 42.52 12.32 12.39 39:07 1t13.6 30.9 0.13I6E 08 0.0014% tu, tt 9.73 .34 10.12 9.3 LR LI I §
5 25.5 42.00 42.02 12.862 42.72 39.19 ita.0 3jo.B 0.137E 08 0.00239 9.28 9.23 9.76 9.50 9.5t 9.51
[ 15.% 43.37 43.3% 12.91 43.14 39.41 .lld.u jo.6 0.138F 08 0D.00425 8.49 B.51 9.59 9.0! 9.04 9.03
7 - 75.5 43.76 43.56 43.36 43.51¢ 39.75 116.0 30.4 0.140E 08B 0.00705 8.37 g.82 2.3 a8.93 8,95 8,94
8 to5.5 43.99 13.88 43.61 43,79 a0.08 17,2 0.1 0.142E 08 0.00981 8.60 8.86 9.41 9.07 9.09 9.08
9@ 139.5 44.12 44.414 143.78 14.02 40.42 t18.% 29.8 0.1498 08 0.01263 9.09 6.43 1g0.02 9.34 9.39 9.36
1o 165.2 44 .46 44.29 44.02 44.19 40.76 119.8 29.% 0.126E DB 0.01538 9.09 9.52 10,310 9.78 .04 2.79
i1 205.2 44.63 41.95 44.52 11.67 41.20 21,95 29,1 0.148BE 0N g.01908 29.83 .98 fo.07 9.72 9.74 S.73
12 245.2 45.40 45.143 45.24 145.33 11.65 £23.3 28.7 0.ISIE U8 0.0227%6 n.99 .9t 9.39 9.17 .17 9.147
$2 275.2 145.47 45,69 4%.48 1%.53 41.99 t24.6 28,5 0.153E 08 0.02552 9.68 9.10 9.6% 9.51 9.52 8.52
LR 305.2 46.24 16.33 15.97 16, %3 42.33 iI25.9 20,2 O0.!'54FE 0@ 0.02827 8.62 8.43 9.26 8.87 .89 a.88
15 3133.3 16.61 16.58 46.26 46.11 12.64 t27.1 28.0 0,184 08 0.03085 8.49 a8.56 9.31 a.9¢ 8.92 8,91
{6 IG3.3 47.07 47.02 16.70 16.88 42.98 t28.4 27.7 0.156 08 0.03359 a.25 8.33 9.06 8.66 8.68 8.67
L] 383.3 47.57 147.29 46,92 a7.18 143.20 129.3 27.5 0.1568 00 0.03542 7.74 B.26 9.07 8.50 8,563 0n.5¢
18 103.3 147.61 47.41 47.18 47.3%5 43.43 ‘130.2 27.3 0.157F 08 0.03725 8.07 B8.48 9.00 B.62 8.64 8.63
19 423.3 47.7% 47,75 47.34 47.54 43.65 131.2 2.2 0,150 08 0.033907 8.2% ‘B.25 9.17 8.69 B.71 8.70
20 443.3 47.77 47.95 17.63 47.7% 43.8B8 132.1 27.0 0.150K 08 0.04089 B.69 8.30 8.992 84.73 8.74 8,74
214 463.2 i7.61 17.89 16.51 17,12 4. 10 t33.0 26.8 0.t159FE 08 0.04270 9.(’;] .02 tt.02 ti. 19 t1.67 ti.43
AVERAGE VALUES ‘THROUGH STATIONS 15 TO 20:
391.6 47.40 17.33 47,01 47.19 43.30 129,77 27.5% Q.15 0B 0.03610 B8.2% 8.36 g.t0 B.68 8,70 8.69
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THPUT BLECTIRIC [POWER = 300.2 W HEAMT BATE GAINED HY WATER = 288.6 W HEAT BALANCE Frior - 1.488%
MASS FLOW RATE = 30.787% G/S PRESSUNE DROP = 0,877 MM 1120 FRICTION FACTOR = 0.02U5014 FREM = 7.0307
REM = 216.7 GiM+ = O.5848%E 06 UPSTREAM NULK TEMPERATURE <« 30.61 DEG C DOWHSTREAM BULK TEMPPERATURR = 4§,72 DEG C
FAM =«  30.00 nAME = 0,.17544E 08 INLET BULR TEMPERATURE = 38.62 DEG C OQUTLET BULK TEMPERATUNE 0 41.72 URG C
STA~ 2 =WALL TEMPERATURE (DEG CJ-~ TH nF PR A T4 e eeswawsa- HUSSREIT HUMBER —-~-——-—— -—
TION CM A ) C AVER- {C) . 1] . -——-—- AVERAGR -—----
NO. AGE kN 1] ran
"6 0.0 41.67 41.69 41.66 A1.87 3B.62  235.2 31.3 0.1658 0B 0.00000  13.56 13.45 13.58 13.55 13.55 13.85
? 1.5 41.82 41.87 41.84 11.85 38.63 235,3 31.3 0.165E 08 0.00007 12.489 12.74 12.48 12.85 12.85 12.85
2 2.5 41,95 42.00 4V.96 11,97 38.613 235,33 31.3 0.166E 04 0.00011 12.47 12.30 12.492 t2.10 12.40 12.40
3 5.5 42.30 42.37 42,33 42.33 38.65 23h.4 31.3 0. 166E 08 g.o00025 11,34 ti.64 1i,24 ie.24 $1.24 ti.24
4 £5.5 42.85 42,97 42,94 12.93 38.72 2315.9 3.2 0,166 O 0.00069 ta.02 9.72 9,79 .63 g.03 9.8
) 25.5 43.31% 43.22 43.07 43.17 in.7a 236.4 3t.2 0.16GE 08 D.o0ti4 9.15 9.33 9.64 9.44 9.44 9.44
[ 5.5 13.76 143.69 143,42 43.%7 3g.92 237.3 31.1 0.1676 08 0.0%0203 a4.5%4 8.66 9.1t%9 8.89 8.90 g.69
T - IB.S a4.16 44.00 131.81 13.%91 39.12 23in.8 30.9 U.IG9E OB 0.n0337 n.21 B.46 g.02 8.57 8.58 .58
8 105.5 44,27 44.27 14.04 14.16 39.314 240 .2 3a.7v Q.170E OO 0.00470 4.3% 8, 36 8.75 8.55 8.55 8.55
9 135.5 44.35 14.52 44.00 14,22 39.461 241.7 30.6 0.171% 08 0.00604 . B.57 n,.26 9.22 BR.aY f.02 a.at
1o 165.2 144.57 14 .40 14.13 44.01 39.71 243.2 30.4 0,172 08 0.0071386 n.52 8.82 9.37 9.0 9.02 9.01
| I 205,2 44.587 41,73 44,43 a4.54 39.97 245.2 l10.2 0.174¢ 08 0,.0091] ‘ 9.0t 6,72 Y.29 9.07 9.08 2.07
12 24%5.2 45%.17 45.29% 14.9% 45,07 40,24 247 .2 29.9 0.176F 08 0.01090 g.40 8.34 8.79 8.%8 4.%8 n.548
{3 275.2 15.19 15.47 15.14 45.23 10.44 248.8 29.8 0.1V77g 08 05.,01222 8.73 a8.24 n.gz B.61 B.65 8.65
14 305.2 5.8 45.71 15.46 145.62 10.64 25%0.3 29.6 .1798 08 0.0135% 7.96 B.t17 n.59 f.32 8.33 a.33
i5 332.2 45.99 16.02 45.70 45.85 10.82 251.8 29.4 Q. 180 08 0.01479 g.02 7.98 a.51 8.25 8.25% 8.25
t6 3J63.1 16.31 46.29 45,92 16,11 1t.02 253.1 29.3 g.101E 08 0.01611 7.81 7.87 8.4? a.14 8.16 8,15
17 383.3 146.83 46.50 46.08 16.37 11.15 254.,5 29,2 .82 OB 0.01699 T.31 7.76 .41 .99 7.97 71.96
LR 403.23 46,71 46.51 46.27 16,44 41,29 255.6 29.1 ag.183 08 a,.01706 T.65 7.91 a.12 a.as n.us 6.00
19 423.3 16.79 46.63 46.33 16 .92 41,42 256.7 28.9 0,184 08 0.01874 7.73 7.97 a8.45 B.14 8.15 8.4
20 443.3 16.69 46.93 16.62 46.71 41.55 257.9 28.8 0. tase 08 0.01962 8.07 7.72 a.!9 8.04 85.04 a8.04
219 463.3 16,66 46.76 15,65 16.18 41.68 259.0 28.7 0. 186 OB 0.02049 .34 #.!8 Q.17 9.23 9.37 2.30

AVERAGE VALUES TUHROUGH STATIONS 15 TO 20:
391.6 46.86 16.18 46. 15 46.34 at.21 255, 0 29.1 g.183 ov8 0.0t735 7.76 7.87 g.39 8.0%9 g.t0¢ g.to

>
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INPUT ELECTHIC POWER = 335,22 W BEAT RATE GAINED DY WATER = 1312,.2 W HEAT BALANCE EHROR = 6.887%
MASS FLOW HATE = 16.7875 G/S PRESSURE DROP = 0.557 MM H20 FRICTION FACTOR = 0.0606H4 FItFiM = 9.09R2
REM « 149.,9 GaMr = 0.77318E 06 UPSTREAM BULK TEMPPERATUILE = 40.56 DEG C DOWHSTIHEAM RAULK TEMPERATURFE = 46.69 DEG C
PRM o= 27,20 NAME 2 0.210278 08 THLET BULK TEMPERATURE = 40.57 DEG C QUITLET BULK TEMIPERATURE = 46.69 DEG C
STA- 7 “WALL TEMUERATUIE (DREG C) - Th nE it A ZVv e e —m— e NUSSELT HUNMBER wamwmoe o
TION CM A ] c AVEI= {cy A L] e AVERAGE  ww e =
no. AGE " 1 Tent
"o T Toln TizTne Tiz.92 42.88 42.89 40.57  136.2 29.7 0.193% 00 0.00000  (9.31 1e.10  #5.3%  l9.2n  19.20 19,20
H 1.5 43.12 43,16 13.13 43.1414 10.%9 136.3 29.6 0,.193E 08B n.00012 17.68 17.13 17.64 17.60 17.60 17.60
2 2.5 13.29 43.33 43.30 43.30 10.60 136.3 29.6 0.193F 0B D.0oa20 I6.70 16.144 16.63 16.60 16,60 16.60
3 ) 5.5 43.77 43.083 43.80 43.00 40.64 136.5 29.6 O0.193e 00 0.00045 14.33  14.04 14,19 4,19 14,19 14,19
] IS.5% 44.49 44.61 44.47 44.5) 40.77 t37.1 29,9 0,194 OB 0.00126 tz.us  ti.69 12,13 12.00 12,00 t2.00
5 25.9% 4%.05 15.03 44.76 .44.90 40.90 137.7 29.4 0.195E 08 o.00207 tg.80 iu.87 tE.62 pe.2t t1.23 18,22
[ A5.6 45.67 A45.%0 4%.17 45.38 41,16 138.8  29.2 O,.197E 08 0.00370 9.9% 10.35 1,19 10.641 tn. 687 10.66
7 - I5.5 46,13 45,97 45,66 45.86 411.55 140.6 28.8 0,200 08 0.00613 9,01 10,17 0.%2 10,44 .46 1D.45
a 105.5 16.46 46,39 45.99 16.21 41,94 ta2.a 286.5 0.203E 08 0,00855 9.94 fo.t0 te. 0t 10,54 0,57 10.5%
9 125.5 46.61 46.90 46.20 416.48 12.34 144 .1 28,2 0.205E 08 0.0|U97l 10,52 9.8% 1i1.65 10.86 Q.92 o.w9
10 165.2 46.98 16.93 46.46 16.71 142.72 145.8 27.9 0.2068 08 0.013236 f0.57 tv.70 12.01 11.29 1e.34 1s.32
11 208.2 A7.34 47.26 47,19 47.24 43,25 48,2 27.% D0.2098 08 0,.01657 tr.of te.22  tb.43 41,27 1,27 19,27
12 245.2 48.24 47.49% 48.04 48.05 43,77 t50.6 27.1 ©O,.21tF 0B 0.01977 10.08 10,93 10.5% (0.52 10.%3 (10.52
13 275.2 44,39 18.28 18.33 40.33 44.16 152.5 26.8 0.213E 08 0.02217 t0.65 10,94 fto.82 fto.8¢ in.g1t i0.01
t4 305,2 49.38 49.41 149.03 19.21 144,55 154.4 26.5 6.2!4!". o8 0.02456 9.34 9.28 10.07 9.68 2.6%9 9.69
15 333.3 49.87 49.91 49,34 49,61 44,92  156.3 26.2 0,2168 08 0.02679 9.1 9.04 10,21 9.61 9.65 9.61
16 363.3 50.41 50.43 49.97 50.19 45.31 158.3 25.9 0.2i8E 08 0.02916 B.OG B.02 9.69 9.25 9.27 9.28
17 3R3.3 651,15 5@.72 50,22 S50.61 45,57 159,7 2%.7 D.219g 08 0.03074 8.10 8.77 9.57 B.96 9.00 n.eo0
18 4n3.3 51.06 $0.95 50.64 50.82 45.83 fgr.t 25.5% 0.22!'F 08 0.03232 8.65 | 8.84 9.40 9.06 9.07 9.06
19 423.3 51.29 51.22 50.01 51.03 16.09 162.5 25,3 0.2228 0B 0.03389 8,70 8.82 9.%9 9.16 9.47 9.16
20 443.3 51.38 51.63 51.26 51,38 16.35 164.0 25.1 0.223F 08 0.035%16 9.00 8.57 9.22 9.00 9.00 g.00
21 A463.3 61,32 B1.51 49.98 S0.70 416.61 1656.5 24.9 0,228 08 0.03703 9.61 9.24 13.4% 11,08 1t.424 11,26

AVERAGE VALUES TIHROUGIH S'TATIONS 5 TO 20Q: .
3191.6 50.86 50.81 0.38 50,61 15.68 P60, 25.6 0.220F 08 0.031239 8.74 a.81 9.6t 9.17 9.19 2.8
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FELECTRIC POWER =» HEAT RATE GATMED RY WATER = 319,4 W HEA'T BALANCE ERROR =  D.56%
MASS FLOW RATE = 24.6603 G/S PRESSURE DIOP = 0,701 MM H20 FRICTION FACTOR = 0.035393 FItEM = B.1971
REM =  231.6 GuM+ = 0.B5663IE 06 UPSTREAM BULK TEMPERATURE = 43.06 DREG C DOWHSTHEAM RULK TEMPEIATURE = 47.72 DEG C
PRM = 25.98 AMs = 0.222G4E 08 THLET BULK ‘FEMPERANTURE = 43.06 LEG C OUTLET RULK TEMI'ERATUNE = 47,31 DEG C
STA— ¢ —WALL TEMCEIRATUNE (DFEG C) = B g [N A P R HUSSELT NBUMHER m—s s mms e s
TION CM A n [ AVER- {(c) A i [ AVERAGEH ~—---
NO. AGE T i el
"0 0.0 44.69 44.67 44.60 44.84 43.06  216.4 27.6 0.203% 00 0.00000  20.31  28.87 29.99 39.22 29.24 20.23
1 P.5 44.91 14,90 44.85 44,848 13.08 216.% 27.4 0.213F 08 0.o00008 21,90 25.28 25.%3 2G%.50 2%.518 25.5%0
2 2.5 45.09 4%.06 4%.03 45,05 43.09 216.6 27.6 O0.213E 0B 0.00014 22.98 23.38  23.70 23.44 23.4% 23.45
3 S.5 45.58 45.51 45,88 45,55 43,101 216.7 27.6 0,213 08 0.00030 ta.600 19.08 18.08 1A.O08 1B.H8 I1B.UR
4 15,5 46.25 46.07 45.94 46.05 43,20 217.3 27.5 0,213 080 p.ooons 15,10 I6.05 6.6 16.§7 16,21 16,49
5 25.5 46.80 46.8B4 46.%1 46.66 43,30 218.0  27.5% 0,248 08 0.00140 t3.14  12.98 14,34 13.67 13,70 13,69
6 48.5 47.36 47.30 16.87 47.10 43.48 219.2 27.3 0.214F8 08 0.00250 PELB87 12,05 13,50 12,78 842,77 12,74
7. 5.5 47.82 47.48 47,35 47,50 42,75 221.1 27,14 0.21688 UB 0.00415 III.JI 12,35 12.79 tz.20 12.3¢ 12.29
8 05,5 48.09 48,02 47.93 40.00 44.02 223.0 26.9 D0.217g 08B 0.00579 tt.32 1t.84 11,78 §1.60 11.61 tt.&60
9 135.% 48.19 48.32 47,66 47.96 14.29 224.9 26.7 0.2108 OB 0.00743 P63 51,47 13,74 12,59 12,68 (2.564
10 165.2 4B.44 48.28 47.88 48.12 44.56 226.9 26.5 0.220E 08 0.0090S 1t.9r 12,42 13.91 t2.97 13,04 (3.00
19 205.2 4B.%2 40.44 40,25 48,37 44.92 229.6 26.2 0.22tg 08 D.01123 12;64 13,14 13.87 13.42 13,43 13.42
12 245,2 49.14 18,84 18.04 48,92 1%5.29 232.4 25,9 0.2235 0B 0.01340 tt.9n 13.00 13.00 12,71 12.75 12.74
12 278.2 49.18 49.12 49.07 49.11 A5.5§ 234.5 25.7 O0.224€ 08 D.D1S03 t2.78 912.98 13,48 13.03 (3.03 13.03
14 305.2 50,11 50.08 19.59 49.85 45,83 236.6 26.% 0.226FE OB 0.01665 to.81 10.488 t2.29 f1.52 tE.57 11.64
16 333.3 50.32 50.30 49.74 S50.02 46,09 238.7 25.3 0.227e 08 0.01817 to.93 10.97 t2.67 t0,75 ti.0% 11,78
16 363.3 50.86 S50.77 S50.25 60.53 46.36 240.9%9 25.t1 ©0.229¢ OB 0.01970 to.28 10,49 11.8B9 10,08 4t.t4 01,0t
17 2383.3 5t.37 S1.0t S0.51 S0.85 46.53 242.4 24,9 0.230F U8 0.02086 9.5%8 10.36 11.65 10.74 {10.8F 10.77
tB 403.3 51.28 61,06 S0.70 50.93 46.732 243.9 24.8 0.2318E 0B 0.02193 10,15 t0.68 11.64 tu.,99 11.03 11,01
t9 423.3 51.35 51.28 6GO.BF S51.06 416.90 245%.4 24.7 0.2328 08 0.02301 10.42 10,59 11,86 11._.t4 si.te8 1t.16
20 443.3 51.38 &1.83 B1.t4 S§.32 47.08 246.7 24.% 0.2338 0B 0,02408 10.79  10.19 1.4t $0.92 10.95 10.93
2! 463.3 5!1.32 851.8( 50.04 $0.73 A7.26 248.0 24,1 0,234 OB 0.025!6 11,42 10,92 16.72 13.39 13.9% 13.67
AVENAGE VALUES THROUGH STATIONS 15 TO 20:
391.6 %1.09 51.0% 50,52 S0.79 A4G6.61 243.0 24.9 0.230E 0B 00,0213t 10,36 10,55 11,85 14040 11.t5 §0.§3
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INPUT FLECTRIC POWER = 1.9 w

HEAT RATE GAINED BY WATER = 49.3 W HBEAE RALANCE EIRIIOIR ~  S.057%
MASS FLOW RATE = 4.4340 G/S PRESSURE DROP = 0.05%41 MM 1120 FICIION FACTOR = 0, 07488118 FREM - t2.9301
neEM -~ i64.1 GnMer = 0,43072e 06 UPSTREAM HULK‘TEMPERATURE = 26.000 DEG C DOWNSTREAM HULK TEMPERATURE = 28.78 DEG C
LAY SV E B K.7157 1thmMer = D.252%88 07 THLET DULK C‘TEMPERNMNTURE = 206,10 DEG C QOUPLET RULK TEMEPEIRATURE = 28,76 URG C
STA- 7 SWALL TEMPERATURE (DEG C) - e (113 [;1] A A T oSS TTETTTHADRSALT NUMBRI - m— S e
TIOH CM A B [of AVER-~ (c) A " C meme s AVERAGE = -
HO. AGE k) " e
"o T hlo 25.s1 25.82 25.49 26.50 26.10  159.2 5.95 0.2368 07 0.00002  -6.89 -7.07 -6.65 -6.81 -6.81 -6.81
1 1.5 25.63 25.65 25.62 25.63 26. 1 ¢ .]59.3 5,95 0,236 07 0.00052 ~R.46 ~-8.84% -a.28 ~8.16 -8.47 ~8.47
2 2.5 25,71 25.73 25,71 2%.71 26. 11 159.3 .95 0.236F 07 n.00087 AR AN LA -9.97 LA A AAAS N Ll
3 5.5 25.95 25.99 25.97 25.97 26,13 t59.4 5,91 0,236 07 0.00191% A LR LA L] Ak LA
4 I5.5 26.61 25.5%6 26.59 26.59 26.19 159,6 5,93 0.237'8r Q7 n.005%318 9.71 t0.91 tn,20 10.24 L. 26 10,25
S z2h.5 26.92 27.0¢ 26.92 26.94 26.25 159.8 5.93 0.23HE 07 0.00886 6.u8 5.133 6.08 5.87 %.89 H.08
[ 45.5 27.44 27.40 27.41 27.41 26.136 160.2 5.91 0.23YE 07 n,01581 .76 3.9% A1,RB .86 1.86 .86
7 ’ 5.5 27 .95 27.74 27.786 27.80 26.%3 160.9 5.88 0.241tE O7 0.02625 2.806 3.38 2.32 3.2t 3.22 3.21%
8 1% .6 28,14 28.03 28.08 28.08 26.70 it61.6 5.85 0.2449£ Q7 0.03670 2.84 1.06 2.9% 2.95 2.95% 2.95
9 135.5 28.34 28.28 27.8% 2W .08 26.487 162.2 5.R3 D.246E 07 0.04715 2.76 2.088 4.14 3.36 .48 3.42
1o 166.2 28.30 28.26 28,17 28,22 27.04 t62.8 5.8 0.248BE 07 0.05750 .21 3.33 3.61 3.43 3.44 3.43
1) 205.2 28.33 28.30 28.08 28.20 27.26 163.5 5.78 0.251e 07 0.07148 . n 3.92 4.99 4.36 4.43 4.39
12 245.2 28.51 28.66 28.37 28,418 27.49 164.12 5.75 0.253FR 07 0.08%a1 3.80 .48 41.62 1.09 4.15 4,12
13 275.2 28.72 28,61 2B. 41 28.54 27.66 164.8 5.73 0.285E U7 0.09588 l.82 1.27 5.43 1.63 4.74 4.68
t4 305.2 28,83 28.77 28.59 28.70 27.83 165, 4 5.71 0.2%7E 07 0.10636 14.00 4.33 5. 33 4.69 4.76 a.72
15 333.3 26,92 28,94 28,74 28.83 27.99 166.0 5.69 0.2598 07 0.11618 1.386 14.29 $.46 4.82 4.89 4.86
6 363.3 29,12 29,12 2B.75 28.913 2B.16 166,.5 G.66 0.2618 07 0.12668 4.23 14.24 6.87 S.24 H.055 $.39
7 383.2 29.22 29,17 28.81 29.00 28.27 166.%9 .65 0.2638 07 0.13367 4.3 .56 7.54 5.9598 5.99 5.78
18 403.3 29,26 29.12 28,90 29.04 20.39 167.3 5.64 0.264E 07 o.140867 q4.88 H.53 7.92 6.8 6.51% &.35
12 423.3 22.06 29.04 28.7ﬁ' 28.88 28,50 167.7 5.62 0.266E 07 nD,.14768 7.20 7.56 20,15 10,80 13,717 12.28
20 1443.3 29.26 29.13t 20.84 29.06 28.61 168.1 S5.61 0.267E D07 0.15468 6.32 5.81 tg, 11 2.08 t2.4%0 10,59
2 A5621.3 28.91¢ 28.97 28.%50 28.72 28.73 168.5 5.59 0.268BE 07 g.16169 22.23 16.85 - LA R ] .03 Ll
AVERAGE VALUES ‘THROUGI! STATIONS 15 TO 20:
J21.6 29,114 29.12 28.79 28.96 2B8.32 t67.1¢ 5.64 0.263FK 07 0.13659 5.8 5.33 tt.0l 6,95 B.14 7.5%4
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INPUT BGRECTRIC POWER = 120,01 W

HEAT RATE GAINED BY WATER = (16,6 W HEAT BALANCE ERROR = 2.95%
MASS FLOW RATE = &.7122 G/S PRESSURE DHOP = 0.08B65 MM N20 FRICTION FACTON = 0.0585013 FREM = (12,8868
NEM = 234,3 GiMe = D.45995E 06 UPSTREAM RULK® TEMPERATURE = 22.80 DBG C DOWNSTREAM RULK TEMPERATURE = 26.97 DEG C
PiM o 6,041 RAM® = 0.52193FE 07 INLET BULK TEMPERATURER = 22.81 DEG C OUTLET HBULK TEMPEHATURE s 26.96 DEG C
STA~ 2 ~WALL TEMPERATURRE (DRG CJ .- h (35 it A e 7 ST = e a BURSELT MUMNER R T
TION CM A R AVER- {c) 3 A AVERAGE - - -
NO. AGE - 1 Tell
"o 0.0 28.30 25.31 25.24 25.27 22.81  223.5 6.47 0.164R 07 0.00001 3.9t ilas Talee 395 3.95 " "3T5m
] 1.5 25.40 25.42 25.36 25.38 22,82 223.% 6.47 O©.464E 07 0,00034 3.78 3.75 3.83 1.00 3.80 3.80
2., 2.% 265,46 25.4% 2%.44 25,46 22.83 223.6 6,47 O0.41648 07 0.000%7 3.69 3.66 3.72 3.70 3.70 3.70
3 5.5 25.67 25.7! 25,69 25.69 22.86 223.7 6.46 0.4658 07 0.00125 1.46 R.4t 3.43 3.43 3.43 3.43
] 1.5 26.2¢ 26.17 26.14 26.16 22,94 224.2 6.45 0,4678 07 0.0035%3 2.98 I.02 3.05 3.02 3.02 3.02
5 25.5 26.41 26.50 26,47 26.46 231.03 224.6 6.43 0.470& 07 0.00581 2.88 2.80 2.83 2.84 2,84 2.R4
& , 45.5 26.94 26.95 26.84 26.89 23,2t 22%,5 6.41 0,475 07 0.01036 2.61 2.60 2.68 2.64 2.64 2.64
7 5.5 27.44 27.29 27.3% 27.34 23.48 226.8 6,36 0.482E 07 0Q.,01721 2.145 2.5% 2.54 2.52 2.52 2.52
8 1us.5% 27.74 27,89 27.68 27,70 23,74 228.2 6.32 0.4098 07 0.02406 2.43 2.46 2.47 2.45 2.45 2.1%
9 13%.% 27.95 28.00 27.68 27.83 24.01 229.6 6.28 0,497g 07 0.03092 2.16 2.4% 2.6 2.%4 2.54 2.54
o t165.2 28,02 27,92 27.83 27.90 24.27 231.0 6.24 0,504 07 0Q,.03772 2.58 2.65 2.73 2.87 2.67 2.67
¢ 205,2 27.9% 28.02 27.80 27.90 24,63 232.9 6.18 0O.5148 07 O.04689 2.88 2.8% 1.05 2,96 2.96 2.96
12 24%.2 28.25 28,33 28.03 28.916 24.98 234.8 6.013 0,528 07 0,.05609 2.96 2.89 3.18 3.085 3.06 3.05
'3 29%.2 28.33 28B.28 28.13 28,2t 25,25 236.2 &.08 0,533 07 0.056299 3,193 3.19 3.36 3.26 3.26 3.26
14 309.2 28.50 28,49 28.235 28.37 25,51 237.7 6.04 0.540E 07 0.06990 3.24 3.25 3.53 3.38 3.38 3.38
iI5 333.3 28.64 28.%1 28,39 28.49 25,76 239.! 6.00 0.5%48m 07 0.07639 3.35 3.47 3,67 1.%4 3.54 3.54
16 3I63.3 28.72 28,67 28.41 28,55 26.03 240,6 5.96 0.556% 07 0,08332 31.58 3.66 a.04 .82 3.83 3.82
7 363.3 28B.76 28.72 28.48 2B.61 26.20 241.7 5.93 U.56iE 07 0.08795 3.77 3.04 4,25 4.02 4.03 a.02
‘& 403.3 28.80 28.78 28.50 20.65 26.38 242.7 5.90 ©.567F 07 0,09259 3,98 4.0 4.55 1.25 4.27 4.26
19 423,31 28,60 2W8.59 28,30 28.46 26.56 243.7 5.B80 0.5728 07 0.09723 4.89  .4.75 5.50 5.08 S.08 5.0
20 443.3 28,75 28.92 28,44 28,64 26.74 244.8 6.85 O0.578E 07 O0.10187 4.79 4,42 5.65 5.07 5.03 5.10
29 463,33 2B.63 28.57 28,03 28.32 26,91 24%.8 5,82 0.583m 07 0,10651 G.61 5.82 .59 6.86 7.16 7.01
AVERAGE VALUES ‘THROUGH STATIONS (5 10 20:
ivl.6 28.72 28.70 2W.42 28B.57 26.28 242.1 5,92 0,.%64E 07 0.08989 1.03 a.03 4.6¢ 4.30 4.32 4.3
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INPUT ELECTRIC POWER = 120,10 W HEA FATE GAINED BY WATER = 118.2 w HEAT BALAMNCE ERROR « 1.656%

MASS FLOW RATE = 4.258B6 G/§ - PRESSURE DROP = 0.0%34 MM H20 FRICTION FACTOIl = 0,084327 FREM = 13,3455
REM = 158.3 guMe = 0.106828 07 UPSTREAM BULK TEMPERATURE = 24,29 DEG C DOWNSTREAM RULK TEMPERATURE = 31.00 DEG C
Pip w 5,730 IAMS w 0.612058 07 THLET AULK TEMPERATURE = 24.32 DEG C OUTLET RULK TEMURERATURE = 130.96 DBEG C
STA- 7 ~WALL TEMPERATUNE (DEG CJ - TH RE Bit RA+ Zh | rmremammeaen - BUSSFLYT HUMRER oo S oo
TION CM A B c AVER- (c) A ] < s s AVHHAGE e ee
NO. AGE T 1 e
"o 0.0 26.27 26.25 26.18 28.23  24.33  146.7 6.23 0.513% 07 0.00007  5.05 B.0r s.zs s.1s elis TsTis
1 t.5 26.52 26.54 26.46 26.49 24.35 $146.8 6.23 0,5%138 07 0.00054 1.52 4.48 4.65 4.58 4.58 4.58
2 2.5 26.69 26.71 26,65 26.67 24,36 146.8 6.22 0,514 07 ©Q.00090 1.22 3.18 1.30 4.2% 1.25 4.25
3 n.s 27.20 27,23 27.22 27.22 24.40 147.0 6.22 0,515F 07 0.00198 1.51 3.47 1.49 31.49 3.49 3.49
4 I5.5 28.31 28.20 28.23 28.24 24.%4 147.5 6.19 0,5198 07 0,0UG58 261, 2.69 2.67 2.66 2.66 2.66
s 25.5 28.%4 28.9% 28.72 28.84 24.69 147.9 6.17 0.523E 07 0.00919 2.31 2.28 2.44 2.36 2.36 2.6
6 , 4%.% 29.69 29.65 29.39 29.53 24.97 148.9 6.13 0,532 07 0Q.01640 2,08 2.10 2.22 2.148 2,18 2.19
7 7%.%5 30.38 30,20 29.99 30,09 25,39 t50.4 6.D6 0.544E 0t 0,02725 1.97 2.04 2.18 2.09 2,09 2.09
a tus.5 20.67 30.60 30.3% 30.47 25,82 15¢1.9 5,99 0.557% 067 0.03812 2,02 2.08 2.148 2.10 2.08 2.1
9 135.5 30.89 30.83 30.!6 30.51 26,24 1563.5 5.93 0.5708 07 0.0490t 2.1 2.13 2.50 2.29 2.30 2.30
o 1e5.2 30,94 30,85 30.50¢ 30.70 26.66 155.0 5.86 O0.5838 67 0.05982 2.29 2.34 2.55 2.42 2.43 2.43
$1 205.2 30.93 30.95 30.44 30.69 27.23 156.9 5,78 0.6008 07 0.07439 2.6 2.63 3.04 2.82 2.84 2.83
12 2485.2 3t.43 371.46 30,94 3t.19 27.80 158.8 5.7! O.616E 07 O0.DBB9Y 2.68 2.66 3.0 2.87 2,89 2.88
13 275.2 3t.48 31,42 31,26 31,35 28,22 i60.2 5,66 0.6292 07 0.09992 2,99 © 3,04 3.2 3.0 3.00 3.1%
4 306.2 3t,7% 31.74 31,20 3t.47 28,65 161.6 5.60 0.6428 07 0.11089 ‘3.13 3.104 3.810 3.44 3.498 3.46
3 333.3 31.96 31,98 31.3% 39,66 29.04 162.9 5,55 0.654E 01‘ 0.12117 3.34 3.3¢% 4.2¢ 1.72 3,77 3.74
6 363.3 32,24 32,24 31,57 31,90 29.47 164.4 5.50 0.6678 07 ©0,13217 1.51 3.514 4.63 3.99 4,07 4.03
17 383.3 32.40 32,26 31,56 31,94 29.7% 165,414 5.46 0.675F D7 0,13952 31.67 3.87 5.37 1.43 1.57 4.50
fe 403.3 32.42 32,32 3!.68 32.03 30.04 i166.4 5.43 0,684E 07 0.146B7 1.07 4.2% 5.89 4.88 .03 1.95%
$® 423.3 32,27 32.29 31,56 31,92 30.32 167.4 5.3% 0,693 07 0,15423 8.96 . 4.93 7.84 6.06 6.39 6.23
20 443.3 32.89 32.82 31.95 32.33 30.60 168.4 5,36 00,7028 07 0.16159 4.89 4.36 7.18 5.61 5.90 5.76
29 463.3 32,.%1 32,97 3%1.27 31,70 30.89 69,5 5.32 0,711® 07 0.16897 7.90 7.%2 25%.35 10,82 16.53 04.t7
AVERAGE VALUES THROUGH STATIONS 15 TO 20:
39%1.6 32.3¢ 32.32 31,6t 31.96 29.87 165.8 5.45 0,679 07 0,14259 1.07 4.04 5.8%5 4.78 1.95 2.87
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INPUTT FLECTRIC DPOWENR w t70.8 W

MASS FLOW RATE = 7.5233 G/S

PRESSURE DROP = 00,0954 MM 1120

HEAT RATE GAINED BY WATREIl =

HEAT BALANCE ERNON = f.70%

NEM = 276.7 GRM+ = 0.146638 07 UPSTIIRAM HllLK"l'EMPEnATU“E = 24.45
PuM = 5,793 RAM+ = 0,.84343E 07 IHLET BULK ‘I'EMPERNTURE = 24.47
S5TA— 7 ~WALL TRMPERATURE (DEG C)- Te A
TION M A B AVER- {ch
NO. AGE
"0 0.0 25.95 25.98 25.84 25.95 24.47  260.1 6.21 0.735E 07
1 1.8 26.17 26.23 26,18 26.19 24.49 0.735g 07
2 . 2,% 26,33 26,39 26,35 26,35 24.50 BW,.716F6 07
3 5.5 26.80 26.90 26.85 26.8% 24.54 ﬂF?ﬂ?B a?
4 Ia.% 27.80 27.75 27.78 27,78 24.65 0.742F Q7
53 25.% 28.44 28.48 28.32 28.39 24,76 o.7418 07
6 , 45.% 29,13 29,14 28,94 29.04 24,99 0,756 07
7 76.% 29,87 29.70 8.56 23.67 25,33 o.77tg 07
8 105,55 30,27 30,279 30,08 30,16 25.67 0,786E 07
9 135,56 30.55 J30.55% 29.%9 3I0.27 26.02 0.8008 07
1o t65.2 30,72 30.68 30.33 30.5t 26.35 0.8158 07
L] 2065.2 30,81 30.72 30.27 30.52 26.81 0.8368 07
t2 245,2 31.09 31.12 30.66 30,88 27.27 0.8548 07
12 295%,2 31,20 3i.08 230,63 30.89 27.61 0.868E 07
14 35,2 131.36 31,39 30.86 31,1t 27.95 0.8828 07
LK) 133.3 3t.5%6 3t.53 3t1.010 31.28 28.27 0,896 07
i 363.3 231,78 213!.84 31,07 31,49 28B.61¢ 0.92t0E 07
17 303.3 3t.89 3J1.7% 31,17 31.49 2H.84 0.9208 07
{8 403,33 31,97 31,87 31.28 3t.60 29,07 0,930 07
19 423.3 31.77 31.78 3%.,22 31,50 29.30 ¢.940E 07
20 443.3 32,08 32.32 31.44 3t.82 29.52 0.950E 07
21 463.3 31,72 3J3t.7¢ jg.86 231.29 29.75 0,.9G08 07
AVERAGE VALUES THROUGH STATIONS {5 T0 20:
391.6 31.84 31.89 3t.22 3I1.S53 28.93 C.924%W 07

167.92 W

FRICTIOH FACTOR = 0.048229 FREM «~  13.34773
NEG C DOWHMSTREAM RULK TEMDRERATURF = 29.83 DREG C
DEG C BULK TEMEPERATURFE n 29.88 DPRG C

Zh o e —was e NUSSALT NUMHBER ——--—--
B € —mees AVERAGE
T ]

0.00001  9.49  9.256  9.5%  9.46  9.46  9.46
o.00031 8.05 8,27 72,22 8.22
0.000%1 7.38 7.57 7.54 7.54
o.008112 5,92 6.04 6.04 G.04
0.00316 Hi 4.46 4.46 4.46 12.46
0.00520 .75 3.92 3.84 1.85 3.85
0.0V929 .36 3.53 3.45 3.4% 3.4%
0,01542 1.19 3.0 3.210 t.29 3.2¢
Q,021%7 j.u? 3. ta 3.0 3.10 J.l0
0,02773 3. a7 3.%0 3.27 3.29 3.28
0.03383 3.2¢ 3.50 1.734 3.38 3.3%
0.04208 3.55 4.0 3.74 3.76 2.75
0.0%5032 31.60 4.09 3.84 3.85 2.84
0.056%51 3.99 4,509 4.23 R.2G 14.24
0.06270 A.07 4.76 4.39 t.42 4.8
0D.068%51 4.25 5.05 4.60 4.64 4.62
06.074714 .28 5.40 4.80 4.86 4.83
0.0788% .74 .24 .28 5.29 G.25
0¢,08300 4.93 6.23 5,45 5.94 5.5%0
¢.08719 .05 7.7 6.27 6.37 6.32
0.09130 2.94 7.19 &.01 6.8 6.0
0.09546 .02 12,40 8.26 2.7¢ 2.34
0.08059 4.78 6.6 5.39 5.48 5.44




INPUT SLECTRIC POWER =  230.t W HEAT RATE GAINED HBY WATER 217.7 w HEAT BALANCE BRROR = 5, 38%
MASS FLOW RATE = 3.3132 G/s PRESSURE DROP = 0.0361 MM 1120 FRICTION FACTOR = 0.094576 FlsM = 13,4773
NEM +» 42,5 GitMe =~ 0, 313178 07 UTSTREAM BULKdTBMPEnATUHE = 26.69 DEG C DOWNSTREAM BULK TEMPRUATPURE « 42.67 DEG C
oM o 4.070 nAM: w 0,§6253F% 0B ITHLET HULK CTEMPEOATURE = 26,13 PRG C OUITLET BULK CFEMOERATUIF - 42.5% DEG C
STA= 2 —HWALL TEMPERATURE {DFRG CJ) - TR 3 R [ Zr S e T NUSERLT HUMBRN - - oere e
TION CM A 3] [ AVER- [€ed] A ] C e e AVERAGE

NO. AGE T L]

07 Tele at.23 31.29 31.01 31,13 2s.a3 12121 5,83 Ta.iosn sa oomemes il TiTeaTTTaTa T alte al19 alvs
! 1.5 3%1.95 32,03 31.80 31,90 25.88 12¢1.2 5,83 0,109F 0B 0,00070 3.455 3.50 3.66 3.59 3.59 3.59
2 - é.ﬁ 312.45 32.%4 32.35 322.42 26.91% 21,3 5.82 0.1098 08 0,.00116 3.25% 3.20 3.3 .27 3.27 3.27
3 H.5H 23.93 34,07 31.040 34.00 27.0¢ 12t.6 S.81 0,109 08 D.002%4 2.60 2.5%% 2.058 2.50 2.58 2.%8
L] t65.5 38.43 36.21 36.04 . 36,18 27.3% 122.4 5,77 O0.4)'E 08B 0.00722 1.98 2.03 2,07 2.04 2.04 2,04
-1 25.5 37.90 38.00 37.16 37.56 27.568 123.2 S.72 0.112rR Oh ¢.01189 1.76 t.72 i.on (.82 1.2 1.82
6 , 45.56 39,319 39.07 3g.21¢ .70 28.36 124,9  S.64 a.81'e o8 o.02124 t.64 .67 t.82 1.73 1.7 .74
7 75.5 40,37 40,02 38.96 19.58 29.36 127.6 5.51 0,122 08 0,03530 t.63 1.68 I.H6 .75 1.76 1.75
4] o%.% 40,95 40.74 ig.nt 140.33 30.37 130.4 5.39 00,1288 U8B 0.04941% .69 1,72 1.89 t.79 .80 .80
9 1I5.5 41.35 40,13 39.50 40,237 31,37 133.3 5.26 0.1348 08 0.063%7 1.7% 1.81 2,09 {.908 2,00 .99

1o 165,22 41,65 41.38 20,21 140.86 32,37 136. 1 5.14 g,.140R 08 0,07770 1,92 .90 2.27 2,09 2.08 2.10

[ ] 205,2 at. a0t A40.63 39.%99 40.86 3.7t 139.7 4.98 0.1478 0B 0.09692 2.19 2,24 2.R2 2.48 2.52 2.5

2 2485,2 142.67 42.52 41,24 4101.92 35.05 143.68 4.83 0, 1556 04 B.116136 2.32 2.6 2.86 2.57 2.60 2.58

13 2715.2 42.77 42.49 41,80 41,87 36.06 146.6 4.79% V. 161E OB 0.15!"7 2.62 2.74 3.49 3.03 3.09 J.n6

14 lns.2 43.43 43.35 41.95 12.67 37.07 129.6 1.60 .17 0B .14504 2.76 2.79 2.59 3.03 I.t9 3. 16

15 333.3 43,64 43.76 40,77 42.73 38.0t 152,323 4.57 0,172 08 0.,15950 3.12 3.05 21.66 3.7 3.87 .79

16 363.3 44.35 44.42 42.20 43,29 39.02 155,.2 4.142 0,178 08 0.174211 .28 2.24 H.4%9 1.09 4.238 4.23

17 3a83.3 44.78 44.48 42.55 A43.99 39.69 157.3 4.38 Q. 183 08 0.18392 3.43 2.65 6.010 4.48 4.82 £.65

18 403.3 4%.07 44.72 42.75 43.82 40,36 159.3 4.30 0.1878 08 0.19374 3.70 4.00 .29 5.04 5.57 5.30

{9 423.13 44.88 44.50 42.69 43.69 41,03 161.9 4.24 0,19t 08 0.203%8 4.53 5.02 10,48 6.55 7.63 T.u9

20 A43.13 45.62 45.91 43.56 44.66 41,70 t163.7 4.17 0,196 086 0.21246 h.44 A.13 9.386 5.88 &.82 6.35

2% 463.3 44.41 44.64 42.12 43.33 42.37 165,6 4,12 00,2008 08 0,22314 B.5¢1 7.64 LA L iIB. 18 R -6.82

AVERAGE VALUES TIHIROUGH STATIONS (5 TO 20:

3PV.6 44.72 A4.683 42.59 43.63 39,97 158.2 4.31 0,185%F 08 0,18805 3.75 2.85 7.23 4.%6 5.5¢% 5.24
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HEN" BALANCFR FRRROR =

INPUT FLECTRIC POWER = 245.8 W NEAT RATE GAINED BY WATER = 221.9 W 5.66%
MASS F1LOW RATE ~ &6,.0483 G/S PRESSURE DROP = 0.0678 MM 1120 FRICTION FACTOR » 0B_.05G20600 FREM = 13,9042
NEM = 262.9 GRMr = 0.34455E 07 UPSTREAM RULKR TEMPERATURE = 30.56 DEG C DOWNSTREAM AULK ‘TEMPERATURE « 39.86 DREG ©
M - 1.810 nMAMe ~« 0,16%5728 08 INLET AULK TEMDPERAIURE “ 30.63 DEG C OUTLET RULK THEMPERATURE - 3%.80 DFREG O
SN K ~ALL ’I'HMI'F:"A'I'U!H_“.._( DG C) - e (1134 [al 14 IA A e me e - — s USSR RUMDER s e e e e
TIOHM CM A B [ AVERR~ {c) . A 143 C e AVEIAGE - - -
NO. AGE . "+ 8t et
"0 0.0 29.82 29.87 29,65 29.76 30.63  219.4 5.35 0.13AR 08  0.00001  assss asess sasse asens mesnn amesn
! t.5 30.50 30.58 30.40 30,47 30.65 23%.% .35 0.1388 08 0,00039 NARRE RANAA RAGAR AWRAR  BAARR msAAR
2 - 2,5 30,98 31.07 30,92 30.%7 30.67 -239.6 5.3%5 00,1388 08 0.00054 62.36 47.7¢ I7.2¢ 63,59 66.42 G4.86
3 %.9% 32,40 32,54 32,47 32.47 30,73 239.9 5.34 0,139 O 0,00141 10,29 10,650 10,9 10,93 10.94 10,99
L i1I5.% 34.84 34.63 34,%% 34,62 30.93 246.9 5.32 0,140 08 0,00398 1.86 5,04 5.30 5.14 5.15 S.18
5 25.% 36.32 36,47 35.76 36.08 31.12 242.0 5§.29 O0.141F OB ©.00GHS 3.65 31.55% .10 3.84 3.85 2.84
& ., 45.5% 37.9% 37.72 136,686 37.33 31.52 244.1 5.24 O.144% 08 0,01170 2.97  3.06 3.5% 1.26 3.20 3.27
7 75.% 39,13 138.84 37.89 3INR.44 32,00 247,80 5,17 0.147E U8 0.01944 2.70 2.81¢ 3.27 2,99 3.0 3,00
¢ 105.5 239,83 39.5%6 38.72 39.2¢ 32.69 250.0 5.10 0.1%1g 08 0.02721 2.65% 2,75 B4 2.90 2.92 2.91
2 135.% 40.16 40,00 38,43 39.25 33.28 252.9 5,03 0,.!54F 08 00,0350t 2.74 2.81 1.87 1.¢a6 i.22 3.9
to $65.2 40.47 40,98 39.25% 39,79 33,86 255.8 4.97 0.IS57E 08 0.04277 2.85 2.98 3.50 3.18 3.2¢ 3.20
19 205.2 40,68 A4v.40 38,98 39.765 34.64 259.9 4.88 0.1G28 08 0.05327 3,12 3.27 4.34 3,68 31,77 3,72
12 24%.2 41,31 41,18 40.09 40.67 135.43 264,01 4,79 ©0,1678 08 0.06383 3.19 3.26 4.03% 3.68 3.63 3.6
13 27%.2 41,42 41.20 39.85 40.58 36.0t 267.3 4,72 0,17V 08 0.07179 T.47 3.62 4,89 4.1 4.22 4.6
i 205.2 42.03 41.95 40.59 41.29 36.60 270.7 4.65 0.1748 08 0,07979 3.45 3.50 4.69 3.99 4.08 4.04
15 333.3 42.34 42.4% 40,57 41,48 37.15 273.6 4.59 0,176 08 0,0872% 3.60 3.56 5.47 4.33 4,52 4.42
6 363.3 42,99 43.00 40.90 49,95 37,74 276.6 4.54 0.182FR 08 0.09519 31.56 3.56 5.90¢ 4.43 4.72 4.58
t7 383.3 43,08 42,73 40,92 4t.91 38.13 278.7 4.50 00,1848 08 0.100%0 3,77 4,06 6.68 4.93 5,30 5.12
te 403.3 47.32 42.92 41,00 42,%1 38.52 280.7 4.47 ©.187F 08 0.10581 1.89 1.24 7.22 $.19 5.64 5.42
i9 423.3 43.07 42.59 40,90 41.87 38,91 282.8 4.43 O©0.1898 08 0,11012 1.48 5.06 9.37 6.31 7.07 6.69
20 443.3 43.82 43.98 41,63 42.77 39,30 285%,0 4.39 O,.1928 08 O0.11645 4.13 3.98 .00 5,38 6.03 5.70
2¢ 463.3 42.56 42.76 40.33 41,50 139,70 287.%  4.36 O0.195E 0B 0.12178 65.50. 6.08 29,14 $0.34 17,72 14.0G3
AVERAGE VALUES TIIROUGH STATIONS 15 TO 20:
91.6 43,10 42.94 41.00 42,02 38.29 .279.6 4.49 0.1852 08 ©0.10272 3.90 1.07 7.00 5.10 5.565 5,132
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INPUT ELECTRIC DOWER w 87.3 w HEAT RATE GAINEDR BY WATER = 82.8 w HEAT BALARCE 2anroi - S, 12%
MASS FLOW RATE = 2.8H863 G/$ PRESSURE DROP « 0.0261 MM 1120 FRICTION FACTOR = 0.089177 Fltkm = 12,6624
neEM = 42,0 GRM+ = 0, 176548 07 UPSTREAM HULKiTEMPSRATURE = 38.04 DEG C DOWNSTREAM RULK TEMPEIRATURE = 44.94 DRG C
PRM = 4,493 NAME = 0.74020E 07 INLET BULK TEMPERATURFE = IR.06 DEG C OUTLET BULK TEMPERATUIE = 44.93 DEG C
STA- % “WALL TEMDRITANTURE (DRG ©¥ - TH RE TR RA Y 7oA s e ST HUSRSELT WUMARIL o S o= am e - -
TION M A B [+ AVER- (<) A n [ R - AVREIAGE - —-- -
NO, AGE T n Tl
@ 0.0 41,04 41.11 41.09 41.08 38.06  132.8 4.51 0.656R 07 0.00003  z.24  2.18  2.21  2.21 2.31 3.3
t 1.5 48,03 49,23 41,49 41,09 38.08 132,2 4.5t 0.6%78 07 0.00082 2,19 2,12 2.5 2.8 2,15 2.8
2 . 2.5 41,20 4t.,32 40,26 41.26 38.10 132.9 4.51 0,657 07 0.00137 2.18 ' 2.07 2,01 2.0 2.0t z.810
3 5.5 41.39 41.58 4t.48 4t1.48 30,14 133.0 4.50 O0.6%8g 07 0.00302 2.05 i.94 1.99 £.92 2.00 2.00
4 5.5 41.83 41.96 48,92 4¢.91% 3n,.29 133.4 4.49 0.66%' 07 0.0004%2 {.088 1.82 .83 t.84 t.H4 .84
5 2.5 42,12 42.20 42,12 42,14 n. 14 133.8 4.47 0,665 07 0,0t402 .01 1.77 .8t 1.86¢ t.HO i.a6
[ . 45.5 42.63 42.56 42.29 42.44 38.73 134.5 4.4% 0.672E 97 0.02%02 1.70 1.74 t.R7 1.79 1.R0Q .79
7 75,5 42,86 42,66 42.74 42.75 39.17 135.68 4.4% 0.682E 07 0.04155 .80 t.919 t.86 1.86 1.86 1.86
8 105.5 43.09 43.04 43,01 43,04 32.61% 136,88 4,37 0.693E 07 0,05%810 1.9t t.24 1.95 .24 t.924 t.94
9 I35, 43.10 43.39 42.93 43.09 40.05 138,0 4.33 0,704 07 0.07468 ) 2,17 1,99 2.30 2.1 2.9 2,419
[ K] I65,.2 43,39 43.22 42,99 43.1% 40,48 139.2 4,29 0.7¢4e 07 0,09112 2.28 2.42 2.64 2.49 2,50 2.492
te 205.2 43.33 43.49 43,36 43.3%2 4at.07 140,8 4.23 0.729e 07 D.11229 2,93 2,74 2.u8 2.86 2.86 2.86
12 245.2 43.86 43.87 43.75 43.81% 41.65 142.4 4.18 0.744E 07 0.13552 2,99 2.99 3.405 a.onz 3.007 3.07
12 27%,2 43.84 43.56 43.%4 43.82 42,09 143.6 4.14 0,755 07 0,.15222 .78 4.5 3.57 3.a\z 3.86 3.a64
14 305,2 44,44 44.47 44.27 414,37 142.53 t44.7 4.11 O0.7655 07 0.168913 3.46 3.40 .79 3.60 3.61¢ 3.61
5 333.3 44.70 44.67 44.50 44.59 42,94 145.7 4,07 O.775FK 07 D.I1BA62 3.7% 3.823 4.24 4.00 4.02 .01
{6 363.3 44,92 44.8B7 A44.68 44,79 43,18 146,9 4.04 O0.786FE 07 0.201308 1,30 4.42 5.09 4,70 4,72 4,71
§7  383.3 45,41 A15.04 44.85 45.04 43.67 147.6 4.02 0,793R 07 0.212%8 T.80 1.83 5.6 1.84 4.96 .90
I8 403.3 45,24 45,410 45,02 A4A5.10 43,97 t48.4 3.99 O.RUDE 07 0.22379 5.17 5.76 6.2% 5.82 5.86 5.64
19 423.3 45,33 45,34 45.15 45,24 44.26 149.2 3.97 0.8078 07 1,23501 6,18 6,11 T7.37 G.70 65.75 6&.73
20 A43.3 45.23 45.46 A45.26 4%,30 44,55 150.0 3.95 O.H815E 07 0.24624 9.78 7.28 2,35 a.82 8.94 f.8a8
28 463.3 45.14 45,27 44.32 A44.76 44.8BS 150.7 3.93 0.822F 07 0.2574% 22.14 15,37 waxaw  sawew 3.12 oannnn

AVERME VALUES THROUGH STATIONS 1S 10 20:
9.6 45.14 45,08 44.91 45,01 43,80 t48.0 4.0¢ 0,.796E 07 0,21727 5.50 5,137 6.32 S5.0819 5.88 5.84
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JTHPUYT ELECTRIC POWER = 200.% W

HEAT BATR GAINED BY WATER = 190,55 w HEAT RBALANCE ERIMOIR = 4,.97%
MASS FLOW RATR = 6.5169 G/S PRESSURE DROP = 0.0753 MM HZO FRICIION FACTOI = 0.050649 FREM = 13.34938
nEM = 263.5 GRMe = 0,226398 07 UPSTREAM BULK-TEM?ENATURE = 28.06 DEG ¢ DOWNSTREAM WULK TEMPPEHATURE » 35,13 DEG C
BHM = 5.232 AM+ = O, L tAE5F 08 THLET BULK TEMPERATUNRE w 28,10 DEG C OUTLET HULK IEMPERATURE = 35,09 DRG C
STA-~ 3 ~WALL ‘FEMOBIRATURE (DEG C) - ‘€rg IE en na v 2 e —mww L TOT NUSSKIT NUMBER ~ (- =l 000
TION ™M M n C AVEN- (c) M & [ s = AVERAGH
HO . AGE ‘o 1]
"6‘"""6?6"“58??5'"55???"35?52“‘56??5"'567?6""'“522?2"3?55"6:767&'65'“8?5666?"‘f:2:::‘"::2:I“’:II:I"“II:I;‘";I:II """"
] t.5 28.58 28B.60 28.%0 28,%4 28.12 244.6 S5.67 0,.1018 08 0,00018 34.02 12.76 41.5% 37.02 3I7.47
2 2.5 28.87 28.89 28.01 28.8% 28.13 244.6 5.67 O.{0IE 08 ©0.00059 20,30 20.70 23.14 22,08 22.07 22.04
3 5.% 29,74 29.77 29.76 29.76 28.18 244.9 5,66 0.10iE 0B 0.00130Q to,03 92.83 9.93 Q.93 ?.93 9.93
L] I.6 31,32 31.24 31,97 31,23 28,33 245.8 S,64 0.102E 08B 0.00368 S.24 %.38 5.52 S.41 SH.42 .42
5 25.5 32.30 32.4% 31.98 32.20 28,48 246.4 5.63 0.1038 OR 0.00605 4rﬂ2 3.%95 4.48 4.22 4.23 1.22
[ 45.% 33.46 33.37 32.90 33.16 28.77 247.9 5.59 0.104E 08 ©0,01080 1:35 3.4 .81 3.58 3.59 3.5%9
¥ 5.5 34.4% 34,19 33.73 34.02 29,22 2BO.3 5.53 0,106 08 0.01794 .00 .6 3.48 3.272 3.28 3.27
a I05.5 34.88 34.75 34.43 34,62 29.67 252,6 5.47 OV.108E 08 0,02509 3.00 j.on 3.29 J. 16 3.17 .16
9 1%.% 15,19 35,13 34,10 34.63 3u,12 255, 1 5.42 0,111 08 0.013225 3.09 P.12 3.913 3.47 1.52 .49
fo 165.2 3%.37 135.23 34.64_ 34.97 30.56 257.5 %.36 0,113 08 0.03935 3.25 3.34 31.82 3.54 .56 3.55
[ 206%.2 135,44 A5.39 214.5%4 34.98 3t.t6 260.2 5.29 O0.11GE 08 0.04893 1.865 3.69 1.61 2.09 4.14 4.8
12 248,2 36.03 36.04 35.3% 35.69 131,76 264.4 5,21 O.119 08 0.058%3 3.6% .64 4.3 1.96 3.99 3.97
i3 275.2 36.09 35,92 35,18 35.59 32,20 266.8 S.16 0,.121E 08 0.06%77 1.0¢ .19 5.23 1.69 1.66 1.613
i 305.2 36.47 36.14% 35.61 36.04 32.65 269.1 5.t1% 0,124 OB 0.07305 .07 4.09 5.2% 4.4%9 2.66 4.63
IS 333.213 36.67 36.77 35,79 36.26 33.07 271.3 5.06 0,126 08 0.079488 4,310 .19 5.70 4.87 4.98 4.93
16 363.3 37.10 37,17 35.96 136.5% 33.52 273.8 .01 0.1282 OR 0.08720 4.33 2,25 6.37 B,.42 5.3 H.23
17 383.2 37.23 37.05 35,88 36,51 33.82 275.4 4.97 0.1298 08 0.09209 42.55 4.80 T.52 5.76 G.in 5.9%3,
t8 403.3 37.3%9 37.09 36.05 36.65 34.12 277.0 4.94 0,i31 00 ©0.09699 4.73 H.21 7.29 6.12 6.48 6.30
i2 423.3 I7.17 36.94 35.87 36.46 14,41 278.7 4.90 0.1328 OA 0.t0190 5.62 6.14 Q.66 7.57 B.27 7.92
20 443.3 37.61 37.81 36.37 37.04 34.71 280.4 4.87 O0.134E 08 0, 106483 5.34 1.99 9.134 6.65 7.25 6.9%
21 463.3 36.832 36.98 35.52 36.22 35,0t 282.1 4.83 O0.0135E 08 O.it176 a.50 7.86 29,15 $2.7%5 a.66 15.71¢
AVERAGE VALUES THROUGH STATIONS (5 TO 20: .
Igt.6 37.19 37.14 35.99 236.58 33.94 276. 1 4.96 00,1308 08 0.09415 4.81 4.93 7.93 6.2 6.40 G.210
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THPUT ELECIRIC DOWER = 200.1 W HEAT RATE GAIHFD RNY WA'TER = B1.5 W HEAT BALAHNCE FIRIOR - 59, 307
MASS FLOW RATE = 4.67%0 G/5 PRESSURE DROP = 0,05%75% MM 120 FRICTION FACTOR = Q,07%24%9 FREM - 12.7144
HEM = 16G9.3 GnRMs+ = O.6738ZFE 06 UPSTREAM BULK TEMUERATURE = 24.32 DEG c DOWHSTREAM AULEK TRMPRERATURE = 20.52 DEG C
enM - 5.8908 RAMe = (0.397398 07 THLET BULK TEMPERATULRR = MM.31 DEG C OUTLET BULK TEMPERATURE - 20.5t DRG C
5TA- 7 - WALL TEMUPERATURE (DEG C) - ‘TH [T [UT] HA Y FA) s m—m e HUSSERYE HUMHER - - wn -
TION M A B < AVER~ (c) A n C - =t AVERAGE
HO. AGE ‘ v
"o 0ln z6.34 26.33 26.31 36.32 24.34  1er.2 6.23 e.36ae 07 o so00z il 3044 3.4t a4t a.an
] 1.5 26.43 26,42 26,410 26.42 24.35 161.3 6.22 0.3%18 07 n.oonp49 1.2% 2.27 3.2% 3.28 3,28 3.20
2 2.5 26.50 26,49 26.48 26.48 24,36 I61.3 6.22 0.3%%8 07 0Q.00082 1,17 3.19 3.20 3.19 .19 1.19
3 H.H% 26.69 26.67 26.608 26.68B 24,39 1614 &.22 ‘U.iﬁﬁﬂ ur  u.notgn 2.941 2.7 2.96 2.96 2.496 2.96
L] 1.5 27.23 27.13 27.1% 27.17 21.147 16,8 6.21 0,357 07 a.00%00 2.146 2.56 2.%1 2.52 2.%2 2.%2
£ 27.%1 27.58 27.42 27.49 24.56 162.1 6.19 O.3I%9F 07 a.00836 2.28 2.25 2,37 2.12 2.32 2.32
& 27.09 28.%2 27.80 28B.0% 24.74 162.8 6.16 N,.162F 07 0O_014u2 2.1% t. 19 2.21 2.00 2,09 2.0n
7 ) TH.G 208,29 2a.13 28.2¢ 28.21 25,01 163.8 6.12 0,.360R 07 0.024a78 2.06 2.7 2.12 2.12 2.12 2.12
] 15,5 208.513 26,48 206,54 28.52 25.28 164.0 6.08 Q.3TIR 07 0.031464 2.08 2.1¢ 2.01 2.09 2.09 2.09
9 P36.5 28,68 28.68 28,30 28.49 26, 64 16%.8 6,01 0.3798 07 0.0444%3 2.1% 2.16 2.4% 2.29 2.0 2.0
10 16%.2 28,70 2B.60 28.%1 28.%8 2%.01 I66.9 %.99 O, 3HAR 07 0.05%4712 2.34 2.42 2.50 2,449 2.14 2.1
1 20%,2 28,61 28.70 28,42 28.54 26.16 t68.3 5.9 0;392E a7 0.067%4 2.76 2.67 2.499 2.84 2.8% 2.84%
12 245.2 28.88 29.00 28.71 2H.083 26.52 169.7 5.8 0,399 07 0.00078 2.8G 2,72 3.07 2.92 2.91% 2.93
13 27%.2 2B.95% 28.9% 28.75 28.8% 26.78 t70.8 5.84 0.408E Q7 0.090713 1.2 q1.12 I.a 126 1.27 1,27
4 305.2 29.06 29.00 20.82 20,92 27.05 171.8 5.80 0.41I8 07 0O,10067 1.36 .47 3.a1 1.60 3.61 1.61
19 333.73 29,15 29,22 28.98 29.07 27.30 172.7 5.77 0.416E8 07 0.10998 3.695 3.5¢ 4.0% 1.680 3.82 .81
I6 363.7% 29,35 29.29 29,09 29.20 27.57 173.6 S5.74 0.421E D7 0.11997% n.fa 3.91 4.42 4.12 4. 14 4.1
17 383.3 29 .44 29.33 29.09 29.24 27.75 174 ,2 5.72 G.424F 07 0.12657 3.96 4.2 5.00 4.5%0 4.55 4.51
in 403.3 29.412 29.40 29.18 29,30 27.92 174.9 5.69 g.428r a7 0.13321 4.48 a.55 5.134 1.89 1.93 4.9¢
19 423.3 29.35 29,37 29.09 29,23 28.10 175.% 5,67 O0.4312F 07 0.13985 .41 5.249 6.78 S.98 6.06 G.02
2 443.3  29.4R 29,65 29.18 29,37 280.28 176.2 5H.65 0_434F 07 0.14650 5.69 4.90 7.49 G.th 6.36 6.26
2! 463.3 29,30 29,31 28.84 29.07 28.46 176.8 5.63 0.4398 07 0.15%316 7.94 7.87 tr.48 t0.89 12.69 18,749
AVERAGE VALUES THROUGH STATIOHS 15 10 20:
39t.6 29.37 29,38 29.10 29,24 27.82 174.% 5.71 0.426F OG7 D,12914 1.48 q4.40 S5.651 4.91 4.98 1.44
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TNPUT RLECTRIC POWENR = tan,. 0 w HEAMT RATE GAITHED WY WATER - 101.7 w BEEACT UVABLANCE BRI ~ Y Ba
MASS FLOW RATE ~-  7.9508 G/S PRESSUNRE DROP = 0. 1002 MM 1120 FRIGHEION FACTOR = 0,04%a01 FRibe - 12 8588
REM = z2B3.2 GCnMyY = N.79659E 06 UPSTIEAM BULK "I'l’-:l-u‘ﬁ:mvrmm = 24,22 DEG C DOWHSTREAM BULK PEMPERATURE = 27,30 DEG C
M = 5,002 AMs = O, 478441 07 THLET DULK TEMPEIRATURE = 24.23 DHEG C QUTLET HULK TEMUPERATURE r27.29 DFG C
STA- 2 “WALL TEMPERATUNE (DFG Ch o rn [ g0 HAS A0 wrww s e e e RUISSHLT BUMBDEIRRE - - -
TLOH CM A 1] C AVER-~ () A n < .- AVERAGE - - - -
Ho . AGR 5 L
o7 w0 25.79 25.78  25.73 25.76  24.23  273.3 6.24 0.130% 07 a.neeer niaz aias alse TaladTala”
t 1.5 25.086 25.8% 25.81 2% .84 24 .24 273.4 6.21 0.4398 07 a.00Nn29 H.2¢ .24 S5.37 $.30 HT 13 LR 1}
2 ) 2.5 25,91 25,90 25.87 25.89 24.25 273.4 6.24 .4398 07 D.000408 5.07 G.tt H.09 5.14 Hot4 H.14
3 H.5 26.07 26.0% 26.06 26.06 24.26 273.5% 6.24 G.440F 47 ND.00106 470 4.74 A1.72 4.22 4.72 . 4.72
1 5.5 26.5%5% 26.%1 26.%3 26.%3 24.33 273.9 6.23 0.442F 07 0.00299 .01 3.89 .84 3.84 .85 3.8
5 2%.% 26,75 26.78 26.69 26.73 24.40 274.4 6.22 0.443E 07 0,.00492 .60 3.5%4 3.68 3.63 y.61 3.63
[+ 15.% 27.05 27.06 27,01 27.03 24.4%3 27%,2 6.20 D.,126F 07 n.00R7H J.3% R. A4 J.an L7 .37 3.7
7 7%.5 27.%50 27.34 27.36 27.3%9 21.72 276.1 G.17 D.45IF 07 n,ot457 3.04 3,22 3.20 3.17 3.7 3.7
8 105.5% 27.69 27.64 27.68 27.67 24.92 277.7  6.14  D.AS6E 07 0,0D2037 1,048 .01 3.06 .07 | N J.n?
9 t35.5 27.19 27.09 27.5%51 27.70 2%. 11 279.0 6.10 0.461F 07 0.02618 3.04 q.05 3,52 .26 i.2R 3.27
to t6%.2 27.8B6 27.81 27.711 27,17 25,31 280.2 6.07 0.466E 07 0.031921 3.3 .37 .58 3.42 3.43 3.43
¢ 20,2 27.w8  27.91% RT.61 27.76 25.%7 282.0 6.03 0.4731r 07 0.03969 1.6% 3.6 4.9 3.85% l.8as I.HG
12 24%.2 28,019 28.27 28,03 2B.13 2%5.81 283.7 6.99 0.480F 07 0.04745% 3.%7 3.46 1.84 3.67 3.67 3.67?
13 275,22 20.22 28. 16 28,412 208,16 26.03 28%.0 5.96 0.485%FE 07 0.05232y 1.84 .94 4.0t a.9%5 K L) 3.9%
ta 05,2 20 .33 20.27 28,14 20,22 26.22 ’ 286 .4 $.93 0.190Fr 07 1,059131 4.a00 1.42 .39 a.22 $.22 4.22
15 333,18 20 .42 208.43 20,28 28.3% 26.41 2a47.6 5.90 D.195%5FK 07 v(l.()ﬁdﬁ(l 1,18 1.16 4.49 1.31% 4.131%3 4.%3
16 363.3 B.61 28.55 28,30 28,144 26.60 289.0 5.7 0.501E 07 0.070146 4.19 4.1 {.9% 1.5%7 4.60 4.5
t7 an3.x 2R.65 20.60 20.31 20,47 26.73 2893.9 .85 N.504r 07 D.07416 4,39 a4.%0 Hola 4.8% 4.89 q.587
i 103,313 261.50 28.56 20.1% 28.51 26.86 290.4 .83 0.5%08 07 0.07827 4.90 1.9% 5,31 Hott H.12 G.02
t9 423.3 28.50 28.5%3 28.31 28,41 26.99 291.6 5.81 N.511E 07 0.08217 H.57 « H.46 [ 1:] %.92 H.9% %.93
20 443.3 28.69 28 .46 208.39 28.58 27.12 292.3 5.80 B.%148 07 .08607 $.36 1.04 G.066 5.7 .88 5.03
21 463.3 28,52 28.%1¢ 28,21 2B.36 27.2% 293.1 5.8 0.S17FR 07 0.08997 6.6%5 65.69 R.a2 7.60 7T 7.67
AVERAGE VALUES THHOUGH STATIONS 15 TO 20:
3991.6 28.57 28.59 28,34 2B.46 26.79 290.2 5.84 0.50%% 07 0.07599 4.77 4.70 H.02 5.09 5,13 65,1010

&
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ELECTIRIC DOWENR = HiIn.6 w HEAT RATE GAINED BY WATEIR = f10.3 w HEANT DALANCE BNt - 6.987Y
MASS FLOW RATE = 3.50871 G/s5 TRSURE DROP 5 U.0390 M4 120 FRICTION FACTOR - 0. 0BGSH) F R 82,7291
11 % B 117 .0 GRMY» = D,.1360828 07 UPSTREAM BULK -'l'l-‘.Hl”‘F:l'lA’l'Unl-‘. = 20.53 DEG C DOWHSTREAM AIH.R TEMPRERATORE = 36.00 DEG C
PHM O+ 5, (52 1AM = TRARGE 07 1 MLET BULK TEMPERATUNE = 20,59 DEG ¢ OQUTLET HULK CVEMPERATURE - A5.9% DEG C
Sra 7 CWALL TERPERATUNE (DRG CF - T Tt it A FA T HUOS S F T BUMNER I
TIOH  Ct4 . n AVEIR-- (c) A " - AVEIIAGE .
HO, AGE r 1" [N
FE 0.0 29026 29.26 29.13 29.20 20.58 135 9 t0.5978 07 0.00002  13.65 11.14 16.6n  11.93 ie.en ia.0i
t L) 29.59 29.61 29.51¢ 29.56 20,61 136.0 .5988 07 0.00065 9.2% S.09 1g.o8 92.60 .62 9.61
2. 2.5 29.83 29.0% 29.77 29.80 20.61 13I6.0  S.61 O0.5%90F8 07 0D.0010B 7.5% 7.43 T . TLT r.710
3 HoH 3053 10.57 30,4949 30.5% 28.67 136.2 5.60 D.60DOFK 07 0o.0n221%7 1.88 4.080 a.84 1.84 1.44 4.04
4 15,.4% 3t.09 It.TH 31,79 31.81% 28.83 136.6 5.58 .6048 07 0.00669 2.97 3.1 .06 3. un 3.0% .06
% 2U.% 32,77 32.79  32.49  32.64 28.99 I37.1 5,56 0.60HE 07 Q.01101 2.40 2,39 2.%9 2.49 2.49 2.49
& . A%.5 73.69 33.66 33.23% 33.%1 29.230 t3p. 0 5.52 0D.617¢ a2 0.0196% 2.0 2.0R 2.24 2.1% 2,46 2.46
¥ 7H.% 34.6¢ 31,136 Ja.06 34.27 29,77 139.4 5.46 .61 07 0.03263 1.a7 1.98 2.0 2.01 2.02 2.0¢0
a 105,65 31.99 34.92 31.66 J4.810 30,24 110.8 5.40 G.615F n? . 04A%63 .90 t,.94 2.0% b, [N 111 .90
9 18%.5 i%.36 35,24 34.38 34.!!4_ 30,71 142.2 .34 V.6059F 07 D.0586% 1.9% 2.00 2.47 2.19 2.22 2.21
to 16%,2 35.40 3%.10 34.93 is.t8 11,18 143.7 5.28 0N.673 07 0.0714%7 2.10 2.1414 2.41 2.25 2.26 2.26
i1t 20%,.2 3H.66 35,50 34,77 315,17 3.8 145,7 5.21 O.692E 07 0.08900 2.34 2.44 3.0% 2,60 2.72 2,70
12 29%.2 A5.97 315,93 A5.40 3%.68 32.41 l47.5‘ 5.13 0,709 07 0.1064%% 2.5% 2.58 3.03 2.78 2.80 2.79
13 274%5.2 36.013 35.86 a6.30 35.62 32.91 T o1an .9 5.08 0.7228 07 Q81976 2.88 3.02 3.76 3.3 3.36 3.39
LI 3.2 36.30 316,23 35.73 36.00 33.38 {50,3 5.02 Q.7358 07 vo.t3302 3.07 3.1% 3.82 3.43 I.47 3.45
tH  333.3 16,50 16.55 35.85 36.19 33.82 161.6 4.97 0.74HE 07 0.141548 3.34 .29 q.42 .79 .87 J.o3
16 I67.3 I6.688 36.80 I%.96 IG.42 314.29 1S3.0 4.92 0.76 1 07 0.t58H2 3.46 .45 $.38 .21 .42 4.7
17 LRI I | 37.06 36.800 35.491 36.45 14.60 154.0 4.68 Q.7708 07 N.1677% 3..(3‘3 31.91 G.71 .04 $.26 H.an
8 403,13 37,114 36.90 36,19 36.58 34.92 155.0 4.84 Q.7798 07 0.17669 4.09 4.35 7.5 S.40 H.86 S.63
19 427.23 36.94 26.77 3s5.87 36.16 35.23 156.0 4.81 l)."lH‘?lv‘. a7 . 18%66 .23 H.R2 1. 10 r.92 9.0t H,87
20 L 2K T I | 37.33 37.53 16.37 36.90 35.5% 157.0 4,17 0,798 07 0.19965 H5.02 A.%1¢ to.BG 6.6 .81 FL21
21 463,13 36.61 36,81 36.51 g .12 35.86 158.0 4.73 v.8078 07 U.20366 11,97 Q.42 L ] T3.79 - o668 E2.0%%
AVERAGE VALUES ‘MHROUGH STATIONS 15 TO 20:
391.6 36.97 36.93 36.01 3G.A8 314,73 154.4 4.87 Q.+t7T48 07 O,.t7151 1,13 4.21 B.17 5.16 6G.17 5.82
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THOUT FELRCTRIC PPOWER ~ 130.6 W HEAT RATE GAINED DY WATFRIG = 129.t W PEAT BDALAHCE Fitingg - 1.96%

MASS FILOW BATE = 06.3410 G/S PRHESSURE DROP « 0, 0689 MM 1120 FRICTION FACTOIR — 0,0409GH v REM 12.9%02
nre = 264.5 GRM+ = 0. 16912 07 UrSTREAM BULK TEMPERATURE = 30,69 DEG C DOWHSTREAM HULK TEMDPERATURNE = 15.62 DFREG O
M v S04 AMe = 0,.85%380E 07 1HLET BULK TEMPERATUNRE = 30,72 DEG C QUILET BULK CTEMPERATURE = A%.9%9 bhe <
STA - 1 -HALL CPEMPERATORE (DEG CJ - TH RE it Ay A R ETIRR R IN BT nnmnEn o - - -
TION (M A n C AVER- () A n : S AVERAGE - - -
NO. AGE : i tt b
o7 0.0 20.41 29.40 29.31 29.316 10.72  251.6 §.34 0.7718 07 0.00001  -8.07 @ -

3 i.% 29.17 29,75 29.70 29.73 10,73 251.5 5,34 Q,7728 07 a.o0ul7 LN AN A LER ] LR AR L] hwnh
Z 7 2.8 30,02 30,00 29.96 29.98 30,7S% 251.6 S5.34 G.772FR Q7 0.00061 BAAAA A EARAE  ANARA AAERh A sAA BRmNa
3 4.5 30,76 30,712 .75 11 I X+ 30.78 251.8 5,34 G 773 7T 0,0013% ARhhw AAhnA YY) hAmAa “~ah A Abaaa
1 5.5 32.046 11.98 3t.91¢ 31.96 a0.808 252,12 .32 0. 77278 07 0.00380 n.v7 .66 1, %o 9.7148 9.8¢ 9.7%9
) 2%.5 32.89 33.02 32.60 la.78 30.98 252.9 5.3 4.7 ():7 0.0062% %.56 G.20 6G.%1 5.90 G906 .91
[ I 1L 31.86 33.u2 33.16 313.65 3t.19 254 .14 5.28 0,788FR 07 ND.0111t5 3.97 .02 4,66 4.30 4.33 4.31¢
7 THLH 31.73 34.52 34,21 d34.43 J31.%0 2%5.0 5.24 0.800FR 07 g.o184%1 1.28 3I.4h0 3.87 3.61 1.63 3.62
] 1% % 3%.22 35,14 34.821 15.01 1,02 25%7.6 5.20 .81k 07 0.02%008 3.10 .08 t.n0 I ] i.a2 1.2
<9 1355 35,52 3%.47 31.66 15,048 32.13 259.2 5.17 0.821 07 H.03328 3.0 3.6 4.7 3.658 1.65 1.6¢
0 !ﬁ'.i.? 35.65 35.57 35,156 35,38 312.44 260.8 5.13 6,83t 07 0.01061 3.28 2,136 1.8 3.8 3.6 .09
it 20%,2 15.78 35.73 35,05 35.40 3z2.8% 262.9 5.08 0.844F 07 0.05%04%1 . 3.60 3.606 4.80 4.13 4.22 4.7
t2 215,.2 36.20 36,214 35.63 3%5.92 313.27 265, ¢ 5.04 0.857F 07 0.060473 3.59 3.%8 4.4% 3.97 4.0U2 3.99
t3 275.,.2 36.25 36.14 3%.52 35.86 313.%8 266,77 S.00 o.868E 07 0.06790 ) 3.93 4.0 N4t 1.614 4.7 1.66
ta 3an.2 36.%8 36.495 35,90 36.219 i3.a9 268.1 4.96 0.R78r 07 0n.074%38 1.9 4.1 H5.24 4.5 4,62 4.58
5 333.3 36.73 6. 83 36.08 36,43 32.18 269.9 1.91 0.8888 07 o.og210 .12 3,497 fH.5% 1.6RH 4.0 a4.74
iG 363.3 J7.ta 3r. 68 16.12 I6.62 31.50 211,77 2.89 D.898F7 07 0.08991 1.02 4.01 6G.44 1.9% H.21 G.09
17 383.3 3Ir.288 27.05% 16.%6 26.66 34.70 272.8 4.87 0.90%F 07 0.09493 4.06 1.48 T.21 $.36 %.74 [E9 3
m LRLIN J 37.37 37.09 J6.268 36.75 37.91% 274.0 4.84 0.?‘!2!’-‘. 07 .0999% 14.33 2.81 7.66 5.72 G2 5.92
9 123.3 27T.06 36.94 36.009 I6.54 35.12 275 .1 .82 ND.9197 07 0,10499 5.4%8 G5.77 .88 7.6 B,20 7.78
20 441,71 37.49 37.70 I6. 54 17.07 35%.33 276.3 4,80 H.927Fp 07 0.1tp03 4.81% 4.42 B.GS 6,02 G.64 6.3
29 469,13 I6G. 94 37.04 15.77 16. 38 3%.54 277.5 .77 . 934 07 0.11508 .14 6.9 44.3% 12.39 2H.7R8 19.08

AVERAGE VALUES THHOUGH STATIONS 15 TO 20:
39¢.6 $7.17 3r.12 36.21 36.68 34.79 273.3 1.86 0.90887 07 0n.09703 4.46 1.%5R 7.72 5.68 6.12 5,90




