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Abstract

A feasibility study was conducted to determine the economic viability of using a soíl-ai¡

tempering system with a swine fa¡rowing-nursery operation. soil-ù tempering is a heat

exchange process in which the thermal energy of the soil is transfened to a:r airflow

passing through buried pipes. A three year database of soil and air temperatures was

obtained from a tempering pilot project at the university of Manitoba (Murray, 1987).

This system consisæd of PVC pipes buried to a depth of 3.0 m, which compared differing

pipe diameærs (150 mm and 250 mm), pipe length, and ai¡flow rate (50 L/s and i00 Us)

against heat rÊcovery.

The feasibility study made use of a computel simulation which modeled the heating and

ventilation of a 250 sow, farrowing and nursery structue.Data for winter and summer

operation were modeled for six soil-ai¡ tempering systems, and a conventional ambient

air ventilation system, The tempering systems wele sized to meet the demand of winter

operation. The winter model provided the design heat load and energy consumption of

the period for each of the systems. The summer modei calculated the resultant room

temporatues within the structure.

The conventional ventilation system had a rvinter design heat load of 75 kw, and

consumed 20,321 kw'h of electricity over the study period. The most productive soil-air

tempering system had a design heat load of 22.8 kv/ and consumed 7,990 kw'h of



ene¡gy. The sumrner simulation did not demonstrate any appreciable temperature control,

as compared to the conventionai system.

Net present value (l{PV) and equivalent annual worth (EAW) were calculated for each

of the systems based upon a 5Vo real rate of i¡terest, and a 20 year service life. The cost

of electricity was assumed rc be $0.03/kW'h. Cost estimates were prepared for each of

the soil-air tempering sysrems, and they ranged from 652,217 to $119,866, Based on

rhese values, the NPV of the conventional system was determined to be ($19'325)' while

the tempering systems ranged f¡om ($458,200) to ($124'785)' The EAW of the

convenrional system was ($1,573), while the tempering systems were between ($4'685)

and ($10,025).
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1,0 INTRODUCTION

The purpose of this thesis is to determine if there is economic justifrcation to pursue the

use of Soil-Air Tempering as a means of supplementing the headng and cooling

requirements of a swine fa¡row to nursery operation. P¡evious work in Canada and the

united States have indicated a potential saving of heating and cooling costs' The majority

of work in the United States has concentrated on cooling benefîts, but some work in the

northern states have presented heating results. Very few systems are ín operation in

canada, and as a result there is little substantiating cost data. Potential interest in the

systems could come from indust¡ies requiring large quantities of heated or cooled

venrilation air. within the agricultural sector this could include any type of livestock

confinement housing or storage facilities'

The thesis modeled a typical swine farrowing and nursery structure to determine the

design heat loads and system fequkemenls fol a conventional ventilation system and a

number of soil-air tempering configurations. Based upon the projected performance of

each system, capital cost estimates and projected cash flows were prepared for each

system'Acomparisonofthenetpresentvaluesandequivalentannualworth

demonstrated the economic viability of each of the systems as compared to the

conventional system.

ThebasisofthecomparisonswasatypicalWesternCanadianoperationwhichhasa

significant heating and ventilation requirement. The selected system was a 250 sow'

fa¡¡ow and nursery operâtion. The structu¡e represented a typical structure built to

recommended specifications for Western Canadian conditions. The heat transfer model

look into considerafion the sensible and latent heat transfer between the animals, the



structure ald ambient conditions. Heat and moisture production rates of the animals were

obtained f¡om current animal science literature. The ctimatic database was the result of

two and one half years of temperature measurement at a piiot soil-ai¡ tempering system

(Murray, i987). The database consisted of 330 discrete measurements of ambient, soil

a¡d air flow temperatures taken on a 3 hour interval ove¡ the 3 year life of the project.

The computer models símulate the heat balance of the system for both winter and summer

operation. The models assume the soil-air tempering s)¡stems have been installed for

some dme, and that their performance is equivalent to the Iesults of the pilot system. By

modelling a variety of soil-air tempering configurations, the economic effects of pipe size,

air flow rate, and lateral lengths were determined. Each of the systems was modeled

using the same temperatufe database, with the only difference being outlet temperatttIe

for each configuration.

The economic evaluadon compared each of the systems on an equal basis over the lives

of the systems. Net present value of each system illustrated the long term financial

impact of each decision. þuivalent annual wonh of each system showed the annual

operating cost or benefit. cost estimates were prepared for each system using current

material, labour, and enefgy costs tepresentative of Manitoba and saskatchewan. In this

manner a simulation of continuous operation of a commercial scale operation was made

using a number of equivalent systems.



2,0 LITERATURE REVIEW

2,1 Soil-Air Heat Exchanger Systems

The concept of using the ea¡th as a heat soulce or heat si¡k to temper ventilation aif is

fa¡ from new. A number of cases have been reco¡ded in the past describing unique

situations. The object in recent times has been to reduce the dependence on a unique

phenomenon and develop a reliable source of in-situ data and design criteria applicable

to the general conditions. Among the fust to take a serious look at Soii-Ai¡ Tempering

was Scott et al. (1965) at Cornell University. At the time of their study, the economic

feasibility of such systems was doubful, and little useful work was a$empæd until the

late 1970's when the cost of energy renewed interest in energy conservation"

weisbecker, Jacobson and Jordan (1980) reported on a system lor a 24 sow swine

farrowing house in Blue Eanh county, Minnesota. Their system consisted of 5 - 130 mm

diameter pipes and 5 - 150 mm diameter pipes. The pipes were plastic, nonperforated,

drainage tile with a lateral length of 61 m. Laterals were bu¡ied to a depth of 2.5 m.

Ventilation air was d¡awn through the pipes to a header, which lead to a plenum in the

barn. An auxiliary fan was installed in the plenum to supply additional suÍìmet

ventilation. Their results were plesented as a series of graphs and a calculation of the

economics of the system. The graphs showed outside temperatt]r.e, bam temperature and

plenum temperature for typicai days from Decemb er, 19'19 to August, 1980. The autho¡s

ealculated an annual heat savings of $270 US/year. Total cost of the system was $2000'

which was approximately $lÆt of lateral length. This system had a payback period of 7.4



yea$ based solely upon heat savings.

Goetsch, Peterson and Muehling (1981) presented a study on four ea¡th-rube heat

exchangers for hearing and cooling the venrilation ai¡ for swine farrorving and nursery

buildings. Their paper described the four systems, the results of data collection from the

summer of 1980 to the summer of 1981, and some design recommendations based upon

their observations. The four systems followed the same basic concepts in terms of pipe

selection, depth of bury, and ventilation systems. Alt of the operatols selected

nonpedorated plastic drainage tubing. The primary reasons for this selection wele cost

and availabiiity. Depth of bury was fakly consistent in a range between 2.4 m and 3'5

m deep. All of the systems used negative exhaust pressure to ventilate the rooms, a¡d

centrifugal fans to d¡aw air through the heal exchangers,

Differences between the four systems were pipe diameter, lateral length and configuI.ation,

ai¡flow ¡ates and soil type. Th¡ee different diameters were used; 130 mm, 250 mm and

300 mm. Lateral lengths were berween 30.5 m and 79.5 m. Two of the systems used a

radial configuration fo¡ the laterals, the othel two systems had parallel laterals spaced 1.2

m apart' Airflow velocities were between 1'11 m/s a¡d 2'67 ry's' Three of the systems

were placed in sillclay soils, while the other system was placed in sandy soil'

Data were collected from ali four systems. The results from the frst two systems \Pere

used in the design of the last two systems. Data collected consisted of air velocity, air

4



temperature and relative humidity measurements at the inlets and outlels. On the founh

system a series of temperature measurements were made along the centre tube of the

lateral iayout.

Based on their findings the authors made a number of design recommendations for soil-air

heat exchangers. The first recommendation was that silt or clay soils we¡e preferable to

sandy soils. Heavier soils had better surface contact with the pipes. The second

recommendation was that an ai¡fiow of 2.54 rn/s be used, based on the most effective of

the systems tested. Related to this the authors recommend that a surface a¡ea to flow

ratio of 393 nl/m3ls be maintained to achieve optimum results. There was not a

preference between either the radial or parallel pipe configurations, and they suggested

that this decision be based upon the paficulaf situation, Pipes laterals should be buried

to a depth range of 2.1 m to 3.7 m. Depth of bury must be balanced between su¡face

effects and the cost of deeper excavation. Pipe laterals should be spaced 2.4 m to 3.0 m

apaft, if a parallel conflgufation is used, and the pipes should have a minimum slope of

0.257o lo facilitate drainage.

In a paper by Goetsch and Muehling (1984), three systems installed in the early 1980's

were described ard the early results discussed. One of the systems discussed in the report

was also part of a¡ earlier paper (Goetsch et al., i981). At the time of the system's

instaliation nearly 40 units were in operation in the state of lilinois, mainly in swine

facilities. The authors indicated that there was a need for fu¡her performance data and



construction guidelines to optimize the design of these systems. The tb¡ee systems and

thei¡ results a¡e discussed in the following paragraphs.

The fust system was built in 1981, for a 30 crate farrowing operation. The structu¡e had

an enclosed atea of 174 m2. The heat exchanger consisted of 5-300 mm diameter, 79.2

m long, parailel laterals buried to a depth of 3.1 m. Air was d¡awn through the laterals

by a centrifugal far, and delive¡ed to a plenum. A winter airflow rate of 0.4 m3/s and a

summer airflow ¡ate of 1.0 m3/s was ussd. ventilarion air was supplied to the ¡ooms via

ceil-ing ducts. Additional exhaust fans were used to provide increased summer ventilation.

The second system was built in 1982, for a combined farrowing-nursery operation.

Combined a¡ea of the two structures was 437 m2. The heat exchzurger consisted of 8-300

mm diameter, 6i m long, parallel laterals buried to a depth of 3'4 m. Average airflow

rate for winter and summer operation was 0.74 m3/s. All of the winter ventilation ail fof

the farrowing barn and some of the nursery requirement was prcconditioned before

entering the rooms. Each structure was provided with a duct system to distribute the

ventilation air tlrough the buildings.

The last system discussed was built in 1982, for a 31 crate fanowing opeÉtion. The

farrowing house had an enclosed uea of !'19 m2. The system consisted of 6-300 mm

d.iameter, 70 m long, parallel laterals bu¡ied to a depth of 3.1 m. Winter ai¡flow rate was

0.6 m3/s, and the summer ai¡flow rate was 1.1 m%. An insulated enclosure equipped



with a fan and a heater d¡ew ai¡ through the system. A duct system in the strudure was

used to distribute the aif within the structule. Additional ventilation was provided by

exhaust fans and eave inlets.

Results for the first two sysþms were based on thermocouple measurements and the

energy costs of operating the system. Temperature measurements of the airflow through

the fust system showed that the first 30.5 m of the laterals contributed two thi¡ds of the

totai daily average ofthe sensible cooling load. The authors concluded that the last 18.2

m of pipe could be omitted, if the final 4vo to 9vo of the potential cooling was not

necessary. Winter operation resulted in a savings of 47Vo of rhe entire ventilation heating

load, a savings of $535 US, The heat exchanger installed in the second system replaced

34Vo of the total ventilation heating load, for a total savings of $313 US. There was no

temperature or cost results presented for the third system.

ln general, the authors recommend lateral lengths and airflows for three diameters ofpipe.

For 300 mm diameter pipe, a 61 m lateral length for suÍlmer cooling, and a length of

befween 6l mand'12.9 m for winter heating were recommended. An ai¡flow rate of 0.19

m./s was recommended for the 300 mm diameter pipe. For 254 mm diameter pipe a

lateral length of 64.0 m and an airflow of 0.13 m3/s were suggested. For 154 mm

diameter pipe a lateral length of 30.5 m to 38.1 m and an ai¡flow of 0.05 m3/s were

recommended. It was found that silt or clay soiis required shoner lateral lengths as

compared to sandy or lighter soils. Moistu¡e content of the soil also had some effect on



the performance of the heat exchanger but the authors did not quantify this effect.

Other design criteria mentioned in the paper were surface to flow rate latios, depth of

laterals, lateral spacing, line slope, and header i¡sulation. Based on the above systems

a surface to flow ¡ate ratio of 314 m2lm3/s to 393 m2lm3/s was recommended. This ratio

fepresents the total inside surface a¡ea of a smooth wall pipe to the total ai¡flow. The

suggested depth of bury for the laterals was between 2.1 m and 3.7 m. Pa¡allel laterals

should be spaced at 2.4 m to 3.0 m apart, and a minimum line slope of 0.257o should be

maintained for all systems. The header which connects the laterals to the structure should

be insulated to RSI-3.35 (R-19) to a depth 1.8 m below gtade.

Based upon these and other cases, the autho¡s attempted to determine the costs and

benefits of these systems. The estimated cost of a system was between $i.18 US/m3/s

to $1.79 US1m3/s ($2 US to $3 US per ft3lmin) of air capacity. At the time of writing

the systems had an estimated payback period of 4 to 6 years based on heat savings,

excluding increases in fuel costs a¡d interesl Though it is far more difficult to quantify

the benefits of summer cooling, Goetsch and MuehLing (1984) felt that summer cooling

could result in reduced sow heat stress, more effîcient sow milk production, and larger

pig weaning weights.

Borg (1987) reported on a system installed in a twelve room veal barn in Haynes,

Alberta, This was a full size systern consisting of 12-300 mm diameter laterals, 30 m



long. The laterals consisted of comrgated non-perforated drainage pipe buried to a

maximum depth of 3.66 m. The lateral length was based upon cuFent litelatule. Ai¡ was

drawn through the laterals into a preheat affic. The system aif velocity was between 1.25

m/s a¡d 3.25 mis. Two centrifugal fans, with ai¡flow rates of 2.0 m3/s/unit, were used

to draw ai¡ th¡ough the lateral pipes. The air was then furthe¡ heated to room temperature

using a hot water unit heater in the attic. Ai¡ was d¡awn into the rooms from the plenum

through rvall slots by exhaust fans mounted in each of the rooms. The entire system had

a capital cost of $15,672.42 which included materials and labour. Though there was little

suppofting documontation, it was felt that there was great potential fol winter heating and

summer cooling using the Soil-Ai¡ Heat Exchanger.

Murray and Brinon (1985) present the background and the development of the soil-ai¡

tempering project at the University of Ma¡itoba. This paper described the rosults

collected after the flrst year of operation of their pilot system. Representative data was

presented showing soil temperatures, and relative tempering effects on the thre€ pipes in

operation.

Initial results suggested that lower airflow rates rvould result in a gleatel tempering effect,

and ambient temperaturÇ was a principle factor in the degree of tempering. ln general,

the report showed that favou¡able heating and cooling could be achieved by the system

and rhat fu¡ther work was jusrified. This work was fu¡ther developed and discussed in

the thesis presented by Murray (1987).



Munay (1987) reporred on a soil-Ai¡ Heat Exchanger at the university of Manitoba

Research Station, located at Glenlea, Manitoba. The heat excharger consisted of4-30 m

PVC pipes buried to an average depth of 3 m. Two pipes had a diameter of 250 mm, with

ai¡ flows of 0.05 m3/s and 0.10 m3/s, respectively. The other two pipes had a 150 mm

diameter, with air flows of 0.05 m3/s a¡d 0.i5 m3/s, respectively. Thermocouples were

insølled to measure temperatures at 3 hour intervals over 3 years of continuous operation.

The temperatures which were monitored included ambient ai¡, air temperatures along each

pipe, outlet ah temperatüe, soil temperatures along each pipe and soil background

temperatrfes .

Air temperature difference measured belween inlet and outlet had lecofded maximum

changes or 29. c fo¡ winter operation, and 18" C opefating under summet conditions.

system regenemtion was accomplished through year round operation of the system.

Munay was able to describe the system operation through the use of classical heat

transfer equations,

Through this resea¡ch work a number of observations and conclusions were made in

regard to the operation of a Soil-Air Heat Excha:rger:

1. The fa¡ field temperatue (3.0 m from the pipes) had a low tsmperaturc of 2o C

in the months of April and May, and a high tempemture of 9' C in the months of
Octobe¡ and November.

Temperature change as the air passes through ttre pipe is airflow dependent' A
greater airflow rate will reduce the temperatue difference between inlet and outlet

air, and rvill result i¡ less consistent output temperature.

10



5.

1

Unde¡ winter conditions , at ârì average inlet temperature of -35" C, temperature

changes ranging from 19" C to 29o C can be expected.

Under summer conditions, at an average inlet temperature of 30o C, average

temperature changes of 12" C to 18" C can be expected'

At ambient temperatures in the range of -10" C to 15" C little useful tempering

occurs.

Excha:rger efficiencies of 357o lo 57 Vo were detennined with winter conditions,

454o to 70Vo with summer conditions.

On average, approximately 807o of the total at temperature change occurs rvithin

the first 20 m of pipe length.

The soii temperan¡¡e profile vertically up from the pipe surface reflects the

influence of the ambient environmsnt' However, due to the observed performance

at a 3.0 m buried depth, it is doubtful that the additionai cost of a deeper depth

of bury could be justified.

Airflow rate had the greatest effect on system performance of the factors studied,

that was of airflow rate, pipe diameter ard pipe length'

Higher airflow rates resulted in more evenly distributed temperature cha¡ges in
thJ sunounding soil along the length of the pipe' A lower airflow rate caused the

temperature changes to concenEate near the inlet end of the pipe and extend to a

greater radius from the pipe surface.

A time lag in the order of 2 to 3 months exists between the occurrence of the

minimum ambient ah temperature and the minimum soil temperature 1.0 m from

the su¡face of the pipe.

Summer operation will allow the soil to recover f¡om the effects of winter

operation. In fact soil temperatufes near the pipe will exceed the background soil

temperatues by the end of the cooling season.

The unfrozen moistu¡e content of frozpn soils must be given careful consideration

when doing discrete calculations of the heat tansfer between the soil and the air.

Classical heat Eansfer equations can be used to describe the rate of heat transfe¡

between the ai¡ a¡d the soil.

Heat transfer tofrom the ai¡ is in the range of 28 W/m to 36 Wm under winter
conditions, and 7 Wm to 14 Wm unde¡ summer conditions,

9.

10.

i1.

12.

13.

t4.

15.
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16. Providing adequate drainage of condensation from the pipes and ensuring that all
joints are properly sealed to eliminate the possibility of soil moisture entering the

pipes should be considered one of the most crucial elements in the design of any

soil to air system.

2.2 Soil-Air Heat Exchanger Models

Weisbecker et at. (1980) used a classical heat transfer model to analyze parameters of

buried drainage tile to heat and cool ventilation ai¡, for Minnesota conditions. Benefits

to animal productivity as a result of cooling air in swine operations were examined. Thei¡

analysis found that ventilation accounted for 80Vo of the enelgy required in confinement

housing. The authors estimated thât summer cooling during breeding and gestation could

provide an increase of 1 pig per litter.

Spengler and Stombaugh (i983) studied and reported on the theoreticai a¡d economic

performance of Soil-Air Tempering systems for 10, 20, 30, and 40 sow swine farrowing

houses in the Ohio a¡ea. The heat transfer analysis for the tempering system was

performed using a finite element model. The economic analysis consisted of examining

pipe lengths (10 m to 120 m using a 10 m intervai), the number of pipes installed (1 to

24 pipes), and pipe diameter (0.10 m to 0.38 m). Based on this model the authors

determined that the major influences on outlet temperature were airflow rate, pipe length

a¡d inlet temperature. Changes due to differing pipe diameters were found to be

inconsequential.
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Using an assumed system configuration, initial pipe, fan, heater and installation costs were

estimared. Equivalent Annual costs (EAC) were calculated assuming a 10 year economic

life and a¡ interest rate of 75Va. Only one half of the initial costs were charged to the

heating season, as thoy assumed that summer cooling would recover the other half of the

inst¿llation costs. This assumption would only be valid if provisions for summer cooLing

are normally made for swine farrowing houses.

An EAC comparison between soil-air tempering and a conventional systems were made

for winter and summer operation in a 20 sow swine farrowing house. The EAC for the

conventional system was found to be $611 US through the winter, and $200 us for

sunìmer operation. It was not clear f¡om the paper how the EAC for the conventional

system was determined. of the soil-air tempering systems, the most efficient system

consisted of 7 - 30 m iaterals with a 150 mm pipe diameter. This system had an EAC

of $483 US, or an annual savings of $128. The authors arbitrarily selected a winter

ai¡flow rate 30Vo greater for the soil-ai¡ tempering system. This additional airflow was

to account for moisture added to the air while passing through the buried pipes. By their

caiculations, use of a similar ai¡flow rate would result in an EAC of $284 US. For

summer operation, the authors simulated use of a tempering system with 9 laterals, with

a length of 30 m. The EAC of this system was $300 us, $100 more than the

conventional system,

Pud (1934) presented a finite element simulation of a soil-Ai¡ Tempering system, and

13



design cuwes for both system heating and cooling operations. His analysis evaluated the

thermal performance of the syslem as a function of pipe diameter, pipe iength, initial soil

moisture content and tempelature, and ambient air temperature. ThiS model considered

that heat diffusion occurs by both moisture migration a¡d conduction' His model

i¡dicated that the key variables affecting Soil-Air Tempering a¡e soil moisture,

temperatue and tube length. The results suggest that for soil moisture in the range of

207o to 307o, there was no significant difference in overall performance. A lower

tkeshold value of 13.570 soil moisture content was suggest as the limit for usefuL

operation. Puri also suggested that lateral spacing be a minimum of 8 diameters to

minimize effects on soil moistu¡e and temperature around neighbouring pipes'

Puri modeied his system for a typical 20 sow swine farrowing unit, for both cooling and

heating operation, He used 10 - 0.1 m diameter pipes with a maximum pipe length of

12 m in the models. Performance curves were plesented for both models giving outlet

temperature as a function of pipe length and hours of operation. His system operated

interminently for a maximum duration of 12 hou¡s. He stated that intermittent use of 2

hours or less at a time, resulted in the system approximating an inflrnite length model.

That is outlet temperatues were maximized and nealed the undistubed soil temperature'

Running the systems for intervals greater than 2 hours would exceed the soils regenerative

capacity, and as a result the amount of heat recovered from the soil was reduced. The

off cycles were assumed to be the same length as the on cycles.
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The performance curves were rhen used to derive an Equivalent Annual cost (EAC)

comparison between the Soil-Air Tempering System and a conventional ventilation system

for the swine farrowing operation. His calculations assumed that the ventilating year was

divided equally berween heating and cooling. The EAC for the soil-Ai¡ Tempering

system was $1,475 US, and the conventional system had an EAC of $1,850 US. For this

particular system Puri showed an Equivalent Annual worth of $375' with a system

payback period of less than 5 years.

Lei et al. (1985) presented a theoretical study of va¡iable factors contributing to the

effectiveness of a Soil-Air Tempering system using finite element analysis. His model

analyzed the mechanisms of changing thermal properties of the soil, latent heat exchange

within the air and the soil, and soil moistu¡e migration. The analysis described the

relationships of key variables of the systom to its effectiveness. The va¡iables examined

were ai¡flow velocity, pipe length and diameter, system heat capacity, soil density and soil

moisture contenl Lei presented the mathematical model and the derivation of the

differential equations necessaly for the th¡ee dimensional transient heat Eansfer by

conducfion, convection and radiation, The results of the simulation are given as equations

for the exchanger effectiveness, system heat capacity, and the temperatu¡e differential

between inlet and outlet temperatures. The finite element model had close agreement

with actual field data supplied from the experimental site located at Glenlea, Manitoba

(Munay and Britton, 1985);(Munay, 1987).
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2.3 Animal Environment

The most critical factor in a swine farrowing and nursery house is the environment.

Environmental requirements of the young animals a¡d sows differ greatly. To provide

a productive environment the needs of the fa¡¡ows, the nursery age animals and the sows

must all be add¡essed. A number of scientific and govemment publications from a¡ound

the wo¡ld describe the key elements of temperature, humidity, and ventilation rate.

Temperature is a key factor fo¡ animal welfare and productivity which varies greatly

depending upon the age of the a¡rimal. The general trend, which is shown in Table 2.i,

is that optimum temperatures are inversely proponional to age. Temperatures beyond the

Tabte 2.1 Farrow, nursery and sow temperattue requirements.

Temperature Range (" C)
Far¡ows Nursery Sows

Author

25-35 24 16-19 EsmaY & Dixon (1986)

24-35 18-21 Agriculture Canada (1976)

28 13-21 Agriculture Canada (1979)

2l-30 2l-27 2t Kennedy (1985)

26.7 Curtis & Morris (1982)

28 LeDividich et al' (1982)

28 15 Owen (1982)

21-26,1 Vaughan, Holmes & Bell (1980)

24-35 24 2l Sainsbury & Sainsbury (i979)
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ranges shown will lead to decreased productivity' The farrowing room, which must

accommodate the sow and the farrows, is usually maintained a! a temperarure comfonable

fo¡ the sow, approximately 21 " C. Heaæd creeps provide a warm area for the piglets to

resL The creeps arc usually maintained at 30 " C or higher by using a heat lamp, o¡ other

heat source. Nursery areas are slightly easier to manage as all the animals require

essentiaily the same lhemral environment.

A number of authors have investigated the effects of extreme temperattrre on the

performance of swine. Esmay and Dixon (1986) reported that feed efficiency dec¡eases

during exnemely cold or hot environmental conditions. Temperatures below optimum

leads to increased bodily heat loss, which in tum reduces feed efficiency. This is more

critical for the younger animals which have a greater su¡face a¡ea to volume ratio, and

hence greater convective losses. Far¡ows are born with a poorly developed abüity to

regulate body heat. By four days of age, the farrows temperature reguiatory mechanisms

are working properly (Agriculture Canada, 1976). Chilling young animals makes them

weak and sluggish which may lead to losses by crushing or starvation. As well cold

sEessed pigs are more susceptible to infectious diseases, such as dia¡¡hea (Feenstra, 1982;

Agriculnue Canada, 1976).

Feenstra (1982) determined that the lorver air tempelature limit of 4 week old weaned

pigs was 24' C in uncovered pens, and 18" C in covered pens. At these temperafures

good health, animal comfort, acceptable weight gains and feed conversions were
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maintained. At temperatures below these levels supplementa¡y heat, in the form of heat

lamps, was necessary. LeDividich, Noblet and Aumaitre (1982) state that the critical

temperature for early weaned pigs raised in deck cages is approximately 28" C. With

younger animals the maintenanca of a constant envi¡onmental temperattue is as important

as the actual temperature itself. They found that a temperature fluctuation of I 3" C

resulted in a ¡eduction of the daily gun by 97o, and an inc¡ease in the feed gain ratio by

77a, In older a¡imals, diurnal temperature va¡iations showed no reductions in

performânce when compared to constant temperature envi¡onments.

Hot tempsratures, though having a lesser effect on young animals, drastically affect the

performance of olde¡ animals. Heavier animals a¡e less able to dissipate latent heat at

higher temperatures. This phenomena leads to decreased feed efficiency, heat stress and

weight loss. High temperatures may lead to higher rates of embryonic mortality in sows,

resulting in smaller litters (Agriculture Canada, i976; Kennedy, 1985).

The effects of relative humidity on animal performance are dependent on the

accompanying air temperature, and are much harder to quantify' The¡e does not appear

to be an optimum relative humidity, but rathef a range of acceptable values. Humidities

beyond these ranges wili lead to decreases in animal performance. LeDividich and

Aumaite (1977) suggest that the optimum operating range is between 407o and 607o

reiative humidity. Sainsbury and Sainsbu¡y (1979) suggest an opelating range of 307o to

6070. Combined with high air temperatures, relative humidity affects the performance of
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ea¡ly weaned piglets (læDividich & Aumaitre, 1977), Hrgh ¡elative humidities reduces

the amount of latent heat lost thfough respirâtion and evaporation, and increases the

animals susceptibility to disease. l,ow relative humidities increase the animals

susceptibility to disease and skin i¡ritations.

Airflow rate is a significant factor of the performance of young animals. The minimum

continuous ai¡flow rate should be designed to lemove all water vapour produced by the

a¡rimals at a winter temperature that is exceeded 97 ,5Vo of dre time @smay and Dixon,

1986). Higher ai¡flow rates must be used to remove excess sensible heat during all

seasons. This excess sensible heat includes radiant heat absorbed by the structure, heat

produced by equipment and lights, and sensible heat produced by the animals. Esmay and

Dixon (1986) have recommended ai¡flow rares per animal as follows; for winter, 1 L/s;

for spring a¡d fall, 5 to 7 L/s; and for summer, 12 to 20 Lls. Recommended airflow

velocities for given ah temperature ranges as stated by Owen (1982), are shown in Table

)7

Fa¡rows are extremely sensitive to draughts, which could lead to chilling. An inc¡ease

in air velocity from 10 cny's to 56 cm/s would be equivalent to a decrease in temperature

of 4oC i¡ still air for 2 kg pigs (LeDividich et al., 1982). Young pigs (2 to 3 weeks old)

react unfavourably to air velocities over 12 cm/s (I-eDividich and Aumaitre, 1977).

l,eDividich and Aumaitre found that draught free pigs grew 67o fasæt on 257o less feed

than &aught exposed pigs, when air temperature va¡ied from 4" C to 19" C' Too little



ventilation can lead to heat stagnation represented by lack of appetite, poor adaptability

Table 2,2 Suggested air velocities and critical temperatuÌes for swine
(Owen, 1982).

Type of
Animal

Weight
(kg)

Airflow
(Í/Ð

Critical Temperatures (o C)
Lower Upper

Lactating
Sow

Far¡ow

Nursery/
G¡owers

2'7

34

24
28

26
29

145

1.5

25

80

0.3

0.25
0.6

0.3
0.6

0.3
0.6

9

25
28

10

13

9
t2

to weather changes, and susceptibiiity to chilling (Sainsbury and Sainsbury, 1979).

LeDividich et al. (1982) found that increasing air velocity improves the performance of

piglets through increased feed intake at temperatues above 31oC'
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2,4 Energy Estimating

2.4.1 Winter Conditions

Steady heat flow through a wall is generally not possible, since that would imply that

there is no change relative to time of the air temperature and motion, and the radiation

to and from the surfaces of the inner and outer walls' Mackey and Wright (1943) suggest

that steady flow was adequate for heating season predictions, though unsteady conditions

had to prevail in the cases of intermittent heating or cooling. The basis of this

assumption is that the difference between indoor and outdoor temperatures is very much

greater than the daily range of outdoor temperature. As well the effect of sola¡ insolation

had a lesser proportionate effect during winter conditions.

The calculation of heating load is principally a function of heat losses due to transmission,

air infilration, and ventilation (ASHRAE, 1984). Weisbecker et al (i980) estimated that'

for Minnesota conditions, 807o of the energy requirement for conflnement housing is fo¡

the heating of ventilation ah. The purpose of adding this ventilation is to remove excess

moisrue which may lead to sanitary and health problems within livestock confinement

housing.

Esmay and Dixon (i986) recommend that housing for young animals should be designed

to remove all the water vapour produced by the animals, at a winter temperature that is

exceeded97.5Vo of the time. The ASHRAE Fundamentals (i984) recommend using the
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97 .SVo design temperature for minimum air exchange within a buiJding. The

recommended winter design temperatures for the winnipeg area are given as -33oc for

a 97.57o level, and-34oC for a997o level (ASHRAE' 1985).

Transmission losses a¡e calculated by equations which approximate Fou¡ier's Equation

fo¡ conductive heat transfer. The empirical formulae and tables are presented within

ASHRAE (i984), for a variety of design heat Ea¡sfer coefficients (u, Wm'z'K), and

building configurations. The formulae are sfaight forward and easy to use, requiring only

a familiarity with local design conditions and material properties.

ASHRAE (1985) calcuiates infiltration heat losses for both the sensible and iatent heat

components of the incoming air. The sensible component is calculated as a funcdon of

the volumetric ai¡ flow (L/s), the inside air density (kgm3), the specific heat of ai¡ (.240

ykg.K), and the difference in temperature of the inside and oulside air (o c). The latent

heat component is calculated as a function of the volumetric air flow (L/s), the inside ai¡

density (kg/m2), the latent heat of vapourization of the inside ar (2340 kJ/kg), and the

difference in the absolute humidity latios of the inside and outside air (kg/kg).

Ventilation using outdoor air must be taken into consideration. The calculation of its

components of sensible and latent heat takes the same form as that for the infilEation rate'

In the case of a livestock structure, the ventilation rate will generally exceed the

infilfation rate. A well built structure may have an infiltration ¡ate of 0.2 air changes
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per hour (ASHRAE, 1984). By comparison a minimum winter ventilation rate of 7.0

Llsllittèt (VIDO, 1936) would translate into approximately 2.3 ut changes per hour. For

the purposes of a livestock structure with a high ventilation requirement, infilEation rate

has been neglected, because it is difficult to calculate a¡d has a lessening effect as

ventilation rates increase.

As was the case with ASHRAE, Esmay and Dixon (1986) suggest partitioning the heat

balance into sensible a¡d latent components. The latent component losults from the

intoduction of outside ai¡ to reduce the absolute humidity of the inside ai¡. The

inroduction of this colder air will in tum reduce the sensible heat or enthalpy of the ai¡.

The design heat load then is the amount of sensible heat which must be added to maintain

a balance between the transmission losses, the ventilation losses, and the sensible heat

gain from the internal processes or animals. Given the psychrometric relationships for

air, the material properties of the building, and assuming a constant indoor temperature,

and thus constant sensible heat production by the animals, the heat balance of a structure

may be predicted as a function solely of the outside air temperature @smay and Dixon,

1986).
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2.4.2 Summer Conditions

Methods of calculating the surffner heat load are more complicated than for winte¡

conditions, The effects of solar insolation, relative humidity' md vapour pressure must

all be taken into consideration as funcdons of time. The influence of time would

therefo¡e imply that unsteady heat fiow must be considered for calculations though the

surimef months. The procedure recommended by ASHRAE (1984) for the calculation

of space heating load is the Total Equivalent Temperature Differentiai (TETD) Method.

This method was frst described by Mackey and Wright (1943' 1944)' and later by

Stewan (1948). The theory behind the procedure was that the summation of all heat

gains may be converted into a:r instantaneous rate of heat t¡ansfe¡.

Stewart (1948) listed the variables involved in determining the heat gain through a

structure as follows;

1. Outside air fikn coefficient of heat Eansfer, (h")

2. Inside air f,rlm coefficient of heat transfer, (h')

3, Thermal conductivity of the material, (k)
4. Density of the material, (P)

5. Specific heat of the material, (c)

5. Thickness of the material, (l)
6, Adsorptivity of outside surface for solar radiation, (o)
7. Incident solar ¡adiation intensity as a function of time' o
8. Orientation of the wall or roof,
9, Room air temperature, (oC)

10. Outdoo¡ temperatue as a function of time, (oC)

11. Hou¡s of operation of the cooling system.



With the equivalent temperalure differential method, the heat flow rate is the product of

the æmperature gradient a¡d the overall heat tra¡sfer coeffîcient (U, Wm'?'K). This

method accounted for both heat gain due to ai¡ temperatule and solar insolation. Sterva¡t

noted several advantages when using this method.

1. All wall a¡d roof structures could be summarized in representative clâsses.

2. The total sensible heat was easily calculated.

3. The calculations could be easily modified for specific structures and

differing conditions.
4, Adjustments could be made easily for conditions other than those

presented by the tables.

Mackey and Wright (1943) presented an empirical method of estimating unsteady heat

flow using a form simila¡ to that for steady heat flow. Their model assumed that

temperattue was cyclic over a 24 hour period, and the heat flow was through a single

homogeneous material. The thermal storage of a material was a function of the material's

characteristic time lag and thermal resistance ¡atio. The paper also presented the concept

of an equivalent outdoor air temperature, which was later defined as the Sol-Air

Temperature (Mackey and Wright, 1944). The authors introduced the concepts of the

fundamental time lag (o), the thermal resístance ratio (Lo), and the fundamental lag angle

($o). For fixed values of the indoor and outdoor ai¡ film heat transfer, these quantities

were functions of the material's thermal conductivity, density, specific heat, and thickness.

For their purposes, the authors used values of 22.7 W lnfK (4 Btu/tn'fÉ'F) for the

ourdoor air film coefficient, and 9.4 Wm'zK (1.65 Btu/h'fÉF) for the indoor ai¡ film

coefflrcient.
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The fundamental time lag (oo) was defined by equation 2'1. The derivation of the

conslant factor was not presented by the authors, so the constant value of equatiOn 2.1 is

only valid for English units. Mackey and Wright (1944) presented a graphical soludon

which proved to be more conducive for use with the SI system.

The thermal resistance ratio or decrement factor (-o), a dimensionless quantity, was

defined by Mackey and Wright (1944) as shown by equation (2.2).

oo= [.tsoq.o.. luLKJ
where; k = Thermal conductivity, (Wmf¡ or (Btu/tu'ft'F)

Material density, (kg/m3) or (lb/ft3)

c = Specif,rc heat, (kJ/kg'K) or (Btulb'F)

L= I z Ttþ" I tæ-*¡z' I

L ') l
where; F= (7rr + l)ct +g + 2*¡r¡co

713

G = (Ír + 1)t, + g + 2n¡rot't
1L3

and cr = cos rqcosh n, + sin rcr'sinh æ,

cz = cos nrtosh n, - sin nr'sinh q
ca = cos rfrcosh nt
c¿ = cos nr'sinh n,

¡rr = h/h"
ft2 = aol
?q = bSo-

h

(2.r)

(2.2)



hi = Indoor air film coefficient of heat transfer, 0il/m'zf¡
h: = Outdoo¡ air film coefficient of heat transfer, (Wm'zf)
I = Material thickness, (m)

The fundamental lag angle (QJ defined the length of time for the flow of heat to pass

through the material, The fundamental lag angle was defined by equation 2'3.

ó= tan', [r-c I (2.3)
' ll-16 |LI

Mackey and Wright (1944) deflned the Sol-Air Temperature as;

the temperaturÊ of the outdoor air which is contact with a shaded

building surface, would give the same ¡ate of heat transfer and the

same temperatue distribution through the material as exists with
the actual dry bulb temperature of the outdoor air and the actual

intensity of sol radiation incident upon that sudace.

The temperature was defined fo¡ either steady or unsteady heat flow as;

tu=t"+ø'I Q'4)
ho

where; t" = Sol-Air Temperature, (oC)

L = Dry Bulb Ambient Air Temperature, (oC)

c¿ = Solar Adsorptivity of the Su¡face, dimensionless

I = Intensity of Solar Radiation, (Wmz)

Stewa¡t (1948) expanded upon the principles presented by Mackey and Wright to include

composite structües, The concept of equivalent homOgeneouS construction was

int¡oduced as a simple homogeneous wall or roof which will have the same variation with

time of indoor surface temperatule as does the actual composite wall or roof under

identical ambient conditions.



The fundamental time lag (hours) was f,rst determined for each distinct layer by

calculating the equivalent thermal conductance (kl)u and kpc", and the use of Figure 2 of

Mackey and Wright (1944). The sum of the time lags of the layers was defined as the

time lag of the composite wall.

The equivalent thermal conducta¡ce (M)" for the combined wall or roof was determined

by equation 2.5.

-k" = 1LJle T'T];T::.TT-
Ë ';, -h

(2.s)

using the equivalent thermai conductance of the structure and the combined, time lag, the

equivalent þc) or (þc)" was determined from Figure 1 of Mackey and V/right (1944)'

Using (ly'l). and (þc). the fundamentai decrement factor L, was obtained from Figure 1

of Mackey urd Wright (1944). The second harmonic decrement facør l. was then

obtained from the Figure I using (klL). and 2 times (þc)..

The equivalent decrement factor L" could then be obtained by using the fundamental and

second harmonic decrement factors and the following orientation equations;

Orientation

Horizontal Roof
North Wali
East Wal1
South Wall
West Wall

L"

O.?Lr + 0.3L2
0.7Lr + 0.3L2
0.2Lr + 0.8L2
0.6Lr + 0.4L2
0.4L, + 0.6L,
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With the material characterisrics defined, the predicted surface temperature at a time

(O+0/15) was given by equation 2.6.

t"(@+O/l5) = t,+L.'[t,(O) - Ç]

where; t = Surface temperatu¡e, fC)
@ = Cunent time, (hours)

O = Time Lag, (degrees)

Ç = Average indoor temperature, ('C)
t" = Sol-Air temperatue, (oC)

The rate of heat flow to the room was then simply the heat transfer from the inside

surface of the wall to the room, and was given by equation 2.7.

q=h.A(r"_L) (2,7)



3.0 METHODS

3,1 Control System

3.1.1 Temperature Database

The basis of the model was a database of temperatures collected by Munay (1987), usirg

a pilot soil-air tempering system at the University of Manitoba (Section 2.i)' Each lateral

had a 30 m section of pipe buried at a depth of 3.0 m. Temperature measurements of the

ai¡flow were made at stations 1 m, 5 m, 10 m, 15 m, 20 m, and 29 m from the inlet end

of each lateral. Specific themrocouple data were selected from the database fo¡ two

periods; winter and surnmer. These data we¡e from the thermocouples measuring the

temperatures at the 20 m and 29 m lengths along the axis of each pipe, and the ambient

temperature thermocouples. Results for Pipe 2 ( 150 mm diameter, Airflow 0.10 m%)

wer€ not available due to system malfuncrion, The remaining three pipes were modeled

for; a winter period from January 2, 1985 to Ma¡ch ,1985; and a summer period from

ìlr''ay 2il, 1985 to September 3, 1985. The three modeied pipes had the following

diameters and airflow rates:

Pipe 1 - 150 mm diameter, Airflow rate 0.05 m3/s

Pipe 3 - 250 mm diameter, Airflow rate 0.10 m3/s

Pipe 4 - 250 mm diameter, Ai¡flow ¡ate 0.05 m3/s
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3. 1.2 Animal Pa¡ameters

The modeled system was a swine farrowing ard nursery operation' because these

operations t¡pically have high energy demands due to ventilation and high room

temperatures. A system such as this would have the g¡eatest benefit from reduced heating

and ventilating costs. The opefation was sized for approximately 250 breeding sows with

an average of 2.1 litters/soVyear. Average litter size was taken to be 8.5 piglets/iitter.

Table 3.1 shows the animal parameters used by the models.

Table 3.1 Animal parameters assumed for the model,

Pa¡amete¡ Farrowing Nursery

Temperature

Reiative humidity

Ventilation Rate
Winter
Summer

Heat Production
Sensibie
Latent

2lo c

75Vo

Variable
110 L/s/liner

248 Wlitter
394 Wlitter

270 C

75?o

Variable
15 Llslpíg

41.7 Wlpig
54.3 Wpig

Note: Winter Venrilation Rates for moisture control only.

In the case of the fa¡rowing rooms, all of the ¡ooms rvili be maintained at a design

temperature of 2lo C. The nursery rooms required temperatue control as a function of
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piglet age. The recommended ranges were between 21o C and 28o C, with the required

temperature decreasi-ng with increased piglet age. It was assumed that the design

temperature for the rooms was

270 C.

The relative humidity level was arbitrarily selected as 757a, because lhe European

operating ranges of 30Vo to 607o (LeDividich and Aumaitre, 1977);(Sainsbury and

Sainsbury, 1979) seemed low. Maintaining these levels during a cold Canadian winter

would result in unnecessarily high ventilation a¡d resultant heating costs.

The winter ventilation rate was not specified, because it was calculated by the progtams

as a function of unbient urd outlet temperatures. The summer maximum ventilation rates

were spscifìed, because the tempering systems were inadequate for cooling. The

maximum summer ventilation rate for the fa¡rows was 110 L/s/litte¡ (Ag¡icultu¡e canada,

1981 as cited by VIDO, 1986). The maximum sumrner ventilation rate for the nursery

animals was 15 Uslpie (Kennedy, 1985).

The animal heat and moisture production rates leplesent values typical of the oldest

a¡imals within the rooms. The farrowing values were interpolated from values prcsented

by Esmay and Dixon (1986) and the ASAE (1984) for 5 week old litters. Nursery

production rates were îor 22.73 kg animals raised on a partially slotted floor al26.7oC

@smay and Dixon, 1986).



Based on recommendations from VIDO (1986), the farrowing rooms were equipped with

1500 mm x 2100 mm, side creep pens. Each pen was equipped with a 250 W heat lamp

for the creep a¡ea. For a 250 sow operation, approximately 60 farrowing pens were

required. The nursery pens were sized to handle 2littersþen, with a space allowance of

0.2 to 0.3 m?pig (ASAE, 1984). Each nursery pen was i200 mm x 3600 mm.

All parameærs involving the a¡imals environment we¡e held constanl This meant that

the heat and moisture production of the animals were viewed as constants. The animals

heat and moisture production was defined for both environmental temperature and piglet

age, but to simplify the calculations and to isolate variables they were held constanL

3.1.3 The Model Structure

The Structure was intended to house both the farrowing and the nursery operations, as

recommended by VIDO (1986). The planned layout and dimensions of the structure were

as shown in Figure 3.1. The interior space was laid out along the structue's centre hall

with the farrorving operation along one side of the building, and the nursery operation on

the othe¡. There

was an unused space which was designated as storage/office space, and had no prescribed

function. In fu¡ther calculations it was considered a part of the hailway, that is no

temperature control. The two animal areas were both subdivided into five ¡ooms' Each
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of these rooms had the ability to modulate its environmen! within a limited range. The

farrorving and nursery rooms were assumed to be equipped rvith supplemental heat'

The structu¡e was assumed to be a typical stud wall construction, with a gabled roof and

a slab on grade foundation. The roof slope was assumed to be 18.4o. The side wall

height was assumed to be 2.5 m. The exterior walls a.nd ceiling were assumed to have

a design thermal resistance value (Rr,) of 3.5 m2IlW, and the foundation an R., value of

1.4 m2lfly'. These values a¡e withi¡ the insulation ranges recommended by VIDO (1986)

and Kennedy (1985). The interior partitions were not provided with any insuiation'

Table 3.2 shows the thermal properties of the various building sections used within the

pro$am.

The building was oriented in a north-south direction along its longitudinal axis. It was

further assumed that the farrowing rooms would be along the east wail of the structu¡e.

This orientation was chosen as it minimized the wall surface a¡ea facing due south and

it minimized the calculations necessary for the roof'

The ove¡ali coefficients of heat transfer (U, Wm'z.K) Iepresent the thermal conductivity

of .the composite structure with su¡face effects taken into consideration. The U value

which represents the structure's conductivity is approximately equal to the reciprocal of

the \, value or thermal ¡esistance of the structure. The actual values of U differ from

the reciprocal of the design R., values because the actuâl construction matodai values
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Table 3.2 Thermal properties of the model structure.

Section U (k¿)" (þc)" Time Lag

WmrK Btu/hrftbF (h)
L"

Roof

Gable Ends
North
South

Ceiling

Exterio¡ Walls
North
East
South
West

Interior Wa1ls

Foundation
North
East
South
West

Note: 1.

0.r2 0.3
0.12 0.3
0.12 0.3
0.r2 0.3

2.783 0.89 0.9

3.543 1.4'7 2.3

3.543 r,4't 2.3

0.246 0.046 0.06

0.25s 0.44 3.0
0.255 0.44 3.0
0.2s5 0.44 3.0
0.255 0.44 3.0

1.793 0,52 3.6

0.43

0.47
0.4'7

4.¿5

4.43
4.43
4.43
4.43

0.40

0.30

3.97
3.96

0.017

0.14
0.12
0.13
0.13

0.21

0.607
0.607
0.607
0.607

0.043
0.025
0.039
0.032

3.84
3.84
3.84
3.84

Units for (ldl)" are in Imperial units to maintain consistency with
Stewan (1948).
Units for þc)" are Btu/h'ffpF * lbft3 * Btu/lb pF to maintain
consistency with Stewa¡t (1948).

The Equivaient Decrement Factor (-) is dimensionless.

were used, and the effects of convective heat transfer where not included in the R.t. The

U values are calculated using the foilowing form as presented by ASHRAE (1985):

u=
l\ho + lr/kr + IJk2 +... + 1/hi

)

?
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where;

Ventilation for the building was provided by a centrifugal fa¡ connected to the soil-air

tempering system, and through axial flow exhaust fans mounted in the oute¡ wall of each

room. As a result, the system was to operate at negative pressures with air drawn through

the air tempering systom, a¡d then d¡awn into each of the rooms as required. Air inlets

into the rooms delivered ai¡ f¡om the hallway. The hallway acted as the main air duct

or plenum, in which further tempering of the air was to be accomplished through the

addition of heat by forced air units. Air inlets were not specified, because they are

dependent upon the actual ventilation requirements and equipment selection'

All of the parameters pertinent to the model have been def,rned, with the exception of

ambient temperatufe and heat surplus/deficiency. Thus the necessity of either heating or

cooling can be defined simply as a function of the outside temperatue. Initially the heat

balance neglected the effects of ventilation on the system. After the initial heat balance

approximation was calculated it became necessaly to define ttre required vontilation for

all conditions, whether it be for temperature or moisture conEol.

U = Coefhcient of Heat Transfer, (Wm'K)
ho = Outside Ai¡ Film Coefficient of Heat Transfer = 2270 (Wm'zK)

l" = Thick¡ess of Material "n", (m)

h = Thermai Conductivity of Material "n", (!V/m2llmm)
hr = Inside Air Film Coefficient of Heat Transfet = 9.36 (Wm'K)
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3.1.4 The Model System

The modeled systems r€presented the available databases for each of the three pipes in

the pilot system. Soil-air tempering systems were modeled for each of the pipes using

both a 20 m and a 29 m lateral length. Pipes were modeled to determine which

combination of ai¡flow, lateral length and pipe diameter would yield the most cost

effective system. The two layouts for the systems a¡e shown in Figures 3.2 and 3.3.

The operating parameters of ai¡flow ¡ate, lateral length and pipe diameter were kept the

same as the pilot system, so as not to invalidate the basis of the dâta. It was assumed

that the ai¡flow through the pipes was constant at all times. The system was to be

constructed of polyvinyl chloride (PVC) pipe to maintain the same heat transfer

characteristics between the soil and the pipes as the pilot system' No consideration was

given for heat transfer as the air passed through the buried header or tbrough the ducting

to the structure,

The proposed soil-air tempering systems were laid out to minimize the costs of

consrucdon and materials, while maintaining the specified lengths and spacings indicated

by Murray (1987). Two laterals were laid in each trench with a 2.0 m spacing between

pipes. T¡enches were located 7.0 m on centre, to maintain slope stability while

excavatirg. The pipes were bu¡ied to a minimum depth of 3.0 m, with a -0.57o slope

towards the header for d¡ainage. Inlet risers consisted of a 4.2 m long piece of PVC pipe

38



7?
 2

00

],.
, I

]-
]

F
ar

ro
rln

i/N
ur

¡o
rY

B
ar

n

F
lø

ur
e 

3.
2 

G
en

or
a!

 la
yo

ut
 o

l ¡
o0

-a
lr 

tô
m

P
or

ln
S

 l
or

- 
pl

pc
r 

t 
an

d 
4.

 Ip
r 

al
rf

lo
r 

ra
tc

 (
ã0

 L
rz

r)
'

A
cc

c¡
¡ 

M
an

ho
le

In
¡u

la
tc

d
C

S
P

 D
uc

t

H
oa

do
r 
-

P
V

C
 P

lo
o

La
t¡

ra
ll



Farrowing/Nursery
Barn

77 200

tïl
ll lrooo I-l -l- , ooo I

General layout of soil-air tempering system for
pipe 3. High airflow rate (100 L/s)'

Figure 3.3



with a gooseneck at the surface, to prevent entry of rainwater and debris. Figure 3.4

shows typical connection details for the PVC laterals.

The header and the duct work were included in the cost analysis of the systems, but were

not considered in the heat t¡ansfer calculations. The header was constructed of PVC pipe,

which increased in diameter as the aidlow increased with the addition of laterals. All

duct work consisted of com.rgated steel pipe (CSP) fo¡ both the access manhole and the

horizontal ai¡ duct, An access manhole was constructed of 1200 mm CSP pipe to permit

access for service and the installation of a sump pump. The ma¡rhole extended 1.0 m

deeper thal the grade of the header to provide a sump. Horizontal ducting into the

structure consisted of 750 mm CSP pipe, contained within a¡ insulated enclosure' Figure

3.5 shows the proposed section of the header and duct work.
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Figure 3.4 Soil-ai¡ tempering lateral and connection detail.

12



ó 000
(xin.)

750 mm Dia CSP

1200 mm Dia CSP

g¡

ooo

=u

ão
Figure 3,5 Collection header and duct ço¡k detail.
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3.2 WINTER SIMULATION

The winter simulation was performed using a series of BASIC prog¡ams which used the

modified temperature data from the data acquisition system employed by Murray (1987),

to model against a simulated farrorving/nursery bam over the wi¡te¡ period. Pro$am

output was designed to yield the heat balance and required ai¡ flows for each temperature

record. The simulation was performed using a number of routi¡es which were developed

to process the data and yield specific system pa¡ameters. The following paragraphs will

describe the flow paths of the programs and the specific routines. Program üsrings for

the winter simulations are given in Appendix A.

The winter simulation made use of 5 programs, which are listed in Table 3.3. The

number of programs was necessary due to system constraints and a means of formatting

the output data. The pro$arns were written in BASIC which limited the amount of

i¡formation that was stored for each record. In some insta¡ces, the pro$ams were run

to just recalculate and store a specific variable. General heat a¡d mass tra¡rsfer

calculations were similar in each of the programs, the differences between the programs

occur¡ed due to specific tasks and ouçut of each of the programs.

The purpose of the initial pro$am, WINMODl, was to determine the number of laterals

necessary for each pipe configuration. The ouçut yielded the number of laterals

necessary to deliver sufficient ai¡flow to the model structtrre fo¡ each temperature record.
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The program assumed that the airflow rate th¡ough i¡dividual laterals was constant, a¡d

that there was always sufficient tempered ai¡flow to meet the current ventilation demand.

Results of this progam were analyzed at the winter design temperalure to determine the

final size of the modeled system.

Table 3.3 Winter Simulation Progtams

Program Ventilation Late¡al Ouçut Data

Name Model Lengths

WINMOD i Tempered 29 m Heat Balance, Number of
Laterals

WINMOD2 Ambient N/A Heat Balance, Mass Flow Rate,

Airflow Rate

WINMOD3 Tempered 29 m Heat Bala¡ce, Mass Flow Rate,

Airflow Rate, Number of
Laterals

WINMOD4 Tempered 20 m Heat Balance, Number of
Laterals

WINMOD5 Tempered 20129 m Heat Balance, Total Ai¡flow,
Tempered Airflow, Ambient
Airflow

IVINMOD2 simulated the model structrue with a conventional, ambient air ventilation

system. The purpose of this program rvas to calcuiate the heat balance, mass flow a:rd

ai¡flow rates of the conventional ventilation system. The ouçut of this program was the

basis for comparison with the soil-air tenrpering scenarios.

WINMOD3, a refinement of WINMODI, was designed to yield the mass flow and
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ai¡flow rates of the tempering systems. The program modelled each of the pipe

configurations using 29 m lateral lengths. The purpose of the pro$am was to yield the

number of laterals necessary and the ventilation requirements of each of the tempering

systems. The calculation of the air a¡d mass flow rates were the principal objectives of

this pro$am.

WINMOD4 was identical to WINMOD3 with the exception that it modelled 20 m lateral

Iengths for each configuration. The ouçut of the program yielded the number of laterais

necessary and the ventilation and mass flow ¡ates for each of the tempering syslems'

WINMOD5 was the final ref,tnement to the winter simulation. The purpose of this

progrâm was to determine the heat balance and the ventilation requirements for a given

number of laterals. The program was designed to model any given pipe configuration,

lateral length, a¡d number of late¡als. The program simulated an actual system with its

physical limitations and the necessity of using ambient air to supplement the soil-air

tempering systems. Using a limited number of laterals created occasions when the

tempering system had insufficient capacity to meet the moisture removal needs'
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3.2.1 Main Program

The main program was a simple routine which was designed to initiate variables, request

operating selections, open data and ourput files, and caÌl the subroutines' The principal

operations of the program were performed within specific sub¡outines to simplify the

structuro of the program and reduce the computation time. Figure 3'6 presents a simple

flow cha¡t of the winter simulation programs. The program was not written to be user

interactive, but rather as a bulk data processor. Proper operation of the program relied

on ¡he conect location and naming conventions for subdi¡ectories and files. Further to

this ¡he model of the structure and the animal palameters were fixed in order to simplify

the operation of the program.

Operator inputs were restricted to the pipe to be modelled and in the case of WINMODS

the total number of laterals within the system. The program modeled a selected pipe

configuration using its data base. The available data fles were for pipes i, 3, or 4

(Munay, i987), and their respective pipe diameters and airflow rates. The choice of

program, WINMOD3 or WINMOD4, allowed for the simulation of either 20 m or 29 m

pipe lenghs.

Input data files we¡e derived directly from the original ouçut files of the data acquisition

system (Munay, 1987). The files had simply been condensed to include the date and

time of record, thermocouple measurements along the longitudinal axis of the pipes and
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Main Program
(Sectlon 3.2. l)

SUB õOOO
Hall & Àttlc Tcmperature

(Sectlon 3.2.2)

Subroutlne 6200
Static Heat Balance

(Sectfon 3.2.3)

Subroutlne 6,100
Psvchrom¿trlc Calcul¡tloos' (Sectfon 3.2.4)

Subroutlne 6800
Ventilation Requlrcments

(Sectton 3.2.ã)

Subroutlne 7000
Outout Routi¡rc
(Seètion 3.2.6)

Figure 3.6 - Íintcr simulation program major subroutines
and florchart



the ambient temperature records. The data files frst entry gave the total number of

records contained within the file. The program retrieved this value a¡d set its own limits

of operation.

Output files were random ASCII text files and were named according to the user

selections (modeled pipe and number of laterals) and the sequential number of the

corresponding data file,

Output was formatted as text a¡d was ¡etrieved either with a BASIC routine or by using

a standard spreadsheet program.

3.2.2 Calculation of Hall and Attic Temperatures

These calculations were contained within a sub¡outine which used an iterative procedure

to calculate the hall and attic temperatures for the crurent data record. The calculations

were based on the previous temperatures of the hall and attic, a¡d the current temperature

¡eco¡ds. The process iterated until the difference in temperature between successive

iterations was less than t0.1" C.

The hall and attic temperatures were calculated by equating the heat flows between these

a¡eas and each of the other cont¡ol volumes. The identified control voiumes were the

farrowing rooms, the nusery rooms, the hall, the attic, and the outside. For each
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temperatu¡e record, fa¡rowing rooms, nursery rooms, and ambient conditions were all

assumed to be constant. Since the hall and at¡ic had a mutual interface, their tempelatu].es

have an implicit dependency on one another. Therefore an iterative process was required

to obtain convergence of the temperature values for each a¡ea. The iterations continued

until there was a net difference of less than t0.1o C between successive iterations for

both hall a¡d attic tempe¡atures. The form of the equations for estimating temperatures

in adjacent unheated spaces was obtained from the ASHRAE Fundamentals (1985)' a¡d

was as follows;

L = r (ArUr + A"U. + ...) + rJSE\i^ + A.U, + ArUh +...)

(ArUl + ArU, + ..) + ¿<'V. + A"U. + AbUb + ...)

where; tu = Temperatu¡e in the unheated space, (o C)

! = Temperature in adjacent heated spaces, (o C)

to = Outdoor temperature, (o C)

41, 42, ... = Su¡face areas adjacent to heated space, (m2)

4., Ao, .., = Surface areas adjacent to outdoors, (m2)

U, = Heat Eansfer coefficients of surfaces,Vy'/mrK

K = 1200

Vo = Rate of ai¡flow into the unheated space, (L/s)

(3.1)

WINMODS had an additionai step in the calculation process due to the addition of

ambient air for ventilation. After the ventilation quantities had been determined, the
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program retunìed to this subroutine to rocalculate the hail and attic temperatures. The

other programs did not mix ambient and tempered air, which made this step unnecessary.

3.2.3 Calculation of Static Heat Balance

This subroutine calculated the sensible heat balances between the va¡ious model control

volumes, without ventilation. Control volumes for the static heat balances were the same

as those for the previous subroutine. The following is a list of the heat flows calculated;

Ql Heat transfer between building and ambient conditions,

Q2 Heat transfer between interior rooms and hall,

Q3 Heat transfer between each room and the attic,

Q4 Heat transfer between the floor and each of the rooms,

Q5 Sensible heat given off by the animals,

Q6 Total heat balance for each of the rooms.

The sensible heat value of Q5 was incremented by 250 W pe¡ sow for heat lamps in the

farrowing area.

For the given tempe¡ature record, the p¡ogram had now collected all of the temperature

variables, or had an initial estimated value. This allowed the calcula¡ion of the simple,

steady state heat flow between the conÍol volumes. The heat Eansfe¡ calculations were
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based upon Fourier's Equation, which was given as:

q=A'u(h-Ð (3.2\

where; q = Instantaneous heat flow, (W)

A = Surface area, (m2¡

U = Coefficient of heat transfe¡, (WmrK)

The difference in temperatures was the temperature gradient between any two conEol

volumes.

3.2.4 Psychrometric Calculations

This subroutine calculated the psychromeric properties of the control volumes. The

psychrometric properties of the air for each of the ¡ooms, the hall, ambient conditions and

the pipe outlet we¡e calculated. The following prope ies were considered:

Saturation Vapour Pressure, P5

Actual Vapour Pressure, P*
Absolute Humidity, W
Sensible Heat, I\
Latent Heat, H"
Total Enthalpy, H,
Specific Volume, v
Air Densities, p

These properties were sto¡ed for late¡ use to calculate the required ventilation ¡ates.
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The fi¡st quaxtities calculated were the saturation vapour pressures (P.). The choice of

equation was dependent on the temperature of the ai¡. Muir (1982) gave the following

equations;

For 233 K <T <273 K (3.3)

ln(P,) = 24.29 - 6238/ T - .3444 ln(T)

For273K<T<393K Q.4)

ln(Ps) = 89.63 -7512/ T +.024T - 1.165E-5T'? - 1.281E-8T3
+ 2.78-17T4

Where; T = Absolute Temperature, (K)

The program assumed that the relative humidities within each of the control volumes

remained constanL In the casgs of the farrowing and nursery rooms, the rglative humidity

was the conEolling parameter of the ventilation system.

Vapour pressure and absolute humidity for each of the control volumes was then

calculated. Vapour pressure was calculated as the product of the relative humidity and

the saturation vapour presstrre. Absolute humidities were calculated using the following

equation from Muir (1982);

w = 0.622'_È*_ (3.5)

Po-P*

where; W = Absolute humidity, (kg of HrOlkg of dry ak)
P," = Vapour Pressure, (kPa)

Pe = Atmospheric Pressure, (kPa)



Two assumptions we¡e made with respect to the calculation of absolute hurnidity and

vapotrr pressure, For the purposes of these calculations, the atmospheric pressure was

taken as the value at sea level (101.325 kPa), and held constant. The programs assumed

that the absolute humidity and the vapour pressure of the tempered ai¡ and the hall were

equivalent to ambient conditions.

Sensible and latent heat components of the control volumes were then calculated. The

, which were valid for temperatures between -50oC and 110oC, were obtained from Muir

(1982).

FI" = c" . t, and

E=w(L+c*'T)

lI. = Sensible heat, (kykg)
c" = Specific heat of dry air, (kJ/kg'K)

= 1.01 (kJikcK)
Hr = Latent heat, (kJ/kg)
L = Latent heat of evaporation, (kJikg)

= ZSït W/4c
cu, = Specific heat of water vapour, (kJ/kg'K)

= 1.78 (kJ¡kg.K)

(3.6)

(3.7)

where;

The specifîc volumes urd the density of the air volumes were then calculated using

equations f¡om Muir (1982).

v=R.(t+273)
(PA - P*)

(3.8)



where;

The atmospheric and vapour pressure were reduced to units of Pascals (Pa).

The density of the dry ai¡ was determined as;

P=1+W
v

where; P = densitY, (kdm3)

(3.9)

3.2.5 Calculation of Ventilation Requirements

This subroutine calculated the required ventilation ¡ates for each of the rooms rvithin the

building. The calculation was based upon the latent heat balances within the building.

As an initial approximation it was assumed that ventilation was to be required for

moisture controi not temperature control. Esmay and Dixon (1986) suggest that the

minimum continuous ventilation rate be designed to remove all of the water vapour

produced during winter conditions. It was therefore assumed that the enti¡e latent

production of the animals was to be the basis fo¡ determining tho ventilation requirement.

It was also assumed lhat tempered air would be the primary source of ventilation, and

ambient air would be used only as make up air. The following paragraphs describe the

procedures used to determine the quantity and effects of the ventilation air.

The fi¡st step was to calculate the difference in latent energy between the hall and each

v = specific volume, (m3/kg)

& = Ideal gas constant for dry air, (Pa'm3/kg'K)

= 287 (Parn3/kg.K)
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of the rooms, to yield tho moisture removal potential of the ventilating air. The volume

of air required was then calculated based on the latent heat production rates of the

animals (ASAE, 1984). Latent heat productions of the animals we¡e assumed to be

constå¡t, and were; 394 W per litter for the farrowing rooms; and 54.3 W per animal in

the nursery. The following equation was used to calculate the required ai¡flows for

moisture control;

V(n) = E(n)x*
(l{lÐ-Hn3)-p

where; V(n) = psqr¡td ai¡flow for room, (m3/s)

&.(n) = Latent Heat production of animals' (kW)
N = Number of animals
H"(n) = ¡¿1s¡¡ heat content of room, (kJ/kg)
H¡(3) = ¡¿1sn1 heat content of hall, (k/kg)
p = Density of halt air, (kg/m3)

(3.10)

Sensibie heat loss due to the addition of this ventilation air was then calculated fo¡ each

of the rooms. The sensible heat of each of the rooms, and úe hall were calculated using

equation 3.6. The sensible heat loss for each room was calculated as the difference in

sensible heat between the hall and the room in question, multipiied by the mass flow ¡ate

of the required ventilation. Heat loss due to ventilation was then added to the

instantaneous static heât loss Q6(n) to yield the total instantaneous heat loss Q7(n) for

each of the rooms. Q6(n) is the sensible heat balance taking into consideration convective

and conductive losses, and animal heat production. Q7(n) represented the total sensible

heat loss (or gain) experienced by each of the rooms for the current temperature record.

Q7 for the hall was assumed to be zero. Q7(n) was calculated as follows;
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wherE;

Q7(n)=Q6(n) - t{(n) -4(3)l * m(n) forn = 1 to 3 (3.11)

Q7(n) = Total i¡stantaneous heat loss, (kW)

Q6(n) = Instantaneous static hear loss, (kW)
H"(n) = Sensible heat content of room, (kJlkg)

E(3) = Sensible heat content of hall, (kJlkg)
m(n) = Requi¡ed mass flow fo¡ each room, kg/s
n = Room number; 1= Farrowing; 2=Nursery;3=Hall

Mass flow rates were calculated so that direct comparisons could be made between the

ai¡ volumes at differing temperatures.

The volume of tempered air required was then calculated based on the previously

calculated mass flow rates. Total mass of air required in the rooms was equivalent to the

mass of tempered and/or ambient air required. Once the volume of ai¡ had been

detemined, the number of laterals required was simply the air volume divided by the

ai¡flow rate through each pipe. It was assumed that the ai¡flow ¡ate within the pipes was

constant, as a mea¡s of simplifying the procedure.

In the specific case of WINMOD5, the number of laterals had been specified. If the

number of required laterals was less than or equivalent to the numbe¡ of latsrals initially

specified in the model, the ¡outine continued with the calculation of the sensible heat loss

due to the addition of the ventilation ai¡. If the number of required laterals was greater

than that originally provided, the routine proceeded with calculation of the tempering

system maximums. Maximum airflow and mass flow rates were ¡ecalculated for the

cur¡ent ambient conditions. In this case there rvould be insufficient airflow for proper

moisrure control within the structure. The diffe¡ence was made up with ambient ai¡. The
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roudne then continued with the calculation of the sensible heat bala¡ce based on a

mixture of ambient and tempered air.

The ¡ate of heat ransfer due to the addition of the tempered and ambient ventilation air

(Q8) was the final component of sensible heat. The heat fiow was calculated as the

product of the diffe¡ences in enthalpy multiplied by the mass flow rate of the ventilation

air.

Q8 = m, * (F!(4)-rL(3)) + mo * GL(0)-4(3))

Q8 = Sensible Heat flow due to ventilation, fl )
mr = Mass flow tempered air, (kg/s)
mA = Mass flow ambient ai¡, (kds)
Ftr(4) = Sensible heat tempered air, (kJikg)

4(0) = Sensible heat ambient ai¡, (kJ/kg)

4(3) = Sensible heat hall ah, (ktkg)

(3.12)

where;

The total heat balance of the structu¡e (DQ) was calculated as the sum of the room and

hall heat balances. The total represented the sensible heat loss (gain) for the

farrowing/nursery system, and represented the total additional heat required by the system,

As a final check of the ite¡ative process the tempe¡ature variation of the hall ove¡ the

period was calculated. The object was to ensure that a representative hall temperature

was used for the iteration. A new hall temperature was calculated based on the average
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quality of the hall air with the included ventilation for the th¡ee hour period. If the

diffe¡ence in temperature was less than tl 'C, convergence was assumed, signalling the

end of the iteration. If the difference was greater than +1 'C, rhe program returned to

the initial subroutine to ¡ecalculate úe hall a¡d attic temperatures. The entire process was

repeated until the convergence test had been passed.

3.2.6 Ouçut Routines

One of the objects of the pro$ams was the creation of a database of simulated results

which could be later used to calculate the economic viability of the soil-air tempering

system. The final subroutines were included for control of the prog¡âm output. The

results were stored as random ASCtr text flles, which could be ¡ecovered by a number

of sofrware packages. The 7000 subroutine created the heading lines of the ouçut files.

This subroutine was called before the actual ite¡ative process of calculations. The 8000

subroutine created the actual output of data for each iteration. This sub¡outine was called

after the successful completion of each iteration.



3.3 Summer Simulation

3.3.1 Main Program

The sum¡ner simulation followed essentially the sâme logic as the winter simulations.

The major difference between the summer and winter models was the inclusion of solar

radiation effects upon the structure. This was omitted in the winter plogram, as it was

viewed as a benefît, though an un¡eliable one. In the case of lhe summer model, sola¡

effects could not be neglected as they contributed to the undesi¡ed effect of additional

heat load.

The summer simulation made use of four programs, which have been listed in Table 3.4.

SUMMOD was written to model any of the three pipe configurations with user specified

pipe lengths and number of pipe laterals. SUMVENT modeiled the ventilation

requirements with no ai¡ tempering. The other two pro$ams, SOL-AIR and MEANS,

processed the raw temperature data, a¡d calculated Úre sol-ù and mean daily

temperatures for use in the summer simulation models.

A fu¡ther difference bstween the winter and summer models was that the number of pipes

necessary for cooling was not calculated. Instead the optimum number of pipes for winter

operation was used to calculate the potential benefit. This inroduced the problem of

variable inside temperatures within the structure, With limited total ai¡flow into the
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Table 3.4 Summer Simulation Programs

Program
Name

Model Output Datâ

SUMMOD Tempered

SUMVENT Ambient

SOL-AIR

MEANS

Room Temperature, Relative Humidity,
Ventilation Raæs

Room Temperature, Relative Humidity,
Ventilation Rates

Sol-Air, Ambient and Outlet TemperaÍures

Hourly and Daily mean temperature values

a¡d

and

buiiding, temperature conrol was not always possible.

The program was operated as an unsteady state process taking into account the periodic

effects of temperature and sola¡ radiation, and the effects of the structu¡al materials on

the flow of heat. It follows the basic steps presented in the winter program for the

uitimate conclusions, in this case the temperatue within the structue, and cooling

supplied. Tþe effects of no tempering on the structure were also calculated.

In terms of the program, data were held within anays for the necessary numbe¡ of

iterations. The number of iterations was defined as a function of the dec¡ement factor and

the fundamental time lag, as defined in Section 2,4.2. \t was also necessary to include

a method for calculating the properties of the mixed ai¡fIow, as a large amount of ambient

air was necessary for ventilation purposes.
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3.3.2 Sol-Ai¡ Temperature

The fust step of the calculations was to define the effects of sola¡ radiation and the sol-ai¡

temperature of the structu¡e. This rvas accomplished by a BASIC routine (SOL-AIR),

which can be found in Appendix A. The program calculated the sol-air tempe¡atures, for

each temperature record, based on Equation 2.4 (Mackey and Wright, 1944). Calculation

of the incident solar radiation (I) involved a lengthy process, which is described in the

following paragraphs, The program saved its output in a random text file for later

retrieval.

Incident solar radiation (I) was calculated for the roof slopes and the vertical walls, based

on the methods presented by Muir (1982).and Esmay and Dixon (1986)' The north wall

was considered shaded with no incident solar radiation. The incident solar radiation was

calculated as a function of recorded climatic data, and the incidence angle for that

particular surface. The equation given by Mui¡ (1982) was:

I=H*K
z

I = Incident iolar radiation, Wm2
H = Sola¡ radiation on a horizontal surface, Wm2
K = Cosine of the incidence angle
Z = Cosine of the zenith angle

(3.13)

Mean hourly values for the sola¡ radiation on a horizonal surface in lililnipeg on a

monthly basis were obtained from the Canadian Climate Normals (1980). The values

where;
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were given for the 21st day of each month. A linear interpolation was performed 1o

account for the actual date. The proglam did not take into account the cloudi¡ess i¡dex,

and assumed that the sky was always clear. The values of mean hourly global solar

radiation on a horizontal surface have been shown in Table 3.5.

Table 3.5 Mean hourly global solar radiation on a horizontal surface (MJ/m2). Canadian
Cümate Normals, 1980.

LST May June July August September

100000
400.01 000
7 0.74 0.88 0.85 0.59 0.23
10 2.01 2.13 2.19 1.87 1.44

13 2.35 2.47 2.55 2.25 1,79

16 t.57 1.68 1.71 1.45 0.97
19 0.30 0.43 0.39 0.17 0.02
2200000
Note: LST refers to Local Standa¡d Time

Calculation of the cosines of the incidence angle (K) a¡rd the zenith angle (Z) were

straight forward, as they were functions of the structure's latitude, longitude, orientation,

angle with the horizontal, time of day, a¡d the time of year. Ali of these properties were

readily available from the data or they were constants. The equations for these values

were obtained from Muir (1982) and were as follows:

K =sinôsinQcoss-sinõcosgsinscosg (3.14)

+cosôcosQcosscosw
+ cos ô sin Q sin s cos wcos g
+cosõsinssinwsing
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Z= sin ô sin Q + cos ô cos Q cos w (3.15)

where; ô = Solar declination

0 = latitude, (49.9")
s = surface slope, (facing south positive)
g = surface azimuth argle
w = sola¡ hour angle

The su¡face slopes (s) for the structure were taken as; 18.4o for the roof, and 90o for the

walls.

The surface azimuth angles (g) (Muir, 1982) were given the following values for each

exposue; roof, 0o; east, 90o; south, 0o; and west, -90o. A value for the north exposure

was not required.

The Solar Declination angle (ô) was defined as:

õ=23.45' * sin(0.9863 * (284 +n )) (3.16)

where; n = the numeric day of the year

The Sola¡ Hour Angle (w) was defined as:

w = 15 ("/T) * ( 12 - Solar Time ) (3.17)

The sola¡ time was caiculated as:

Sola¡ Time = Std Time + E + (4 mirVdeg)*G,, - I¡J (3.18)

where; E = Correction factor for va¡iations in Ea¡th's orbit, (min)
L., = Søndard meridian for local time zone, (90o)

I¡0" = Longitude of location, (97"14')
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Values of the correction factor @) were obtained from Mui¡ (1982) and were as follows;

May, 4 min; June, I min; July, -5 min; August, -5 min; and September, 4 min.

Once the incidence and zenith angles had been determined the incidence on any of the

surfaces was defined and thus úe incident sola¡ radiation. This permitted the calculation

of the effective or sol-air temperature for each surface. ln the case of the nonh wall the

sol-ù temperature was assumed equivalent to the current ambient temperatue.

The simulation required the daily mean ambient and daily mean sol-ai¡ temperatures for

its caiculation of inside temperatures. Output of the SOL-AIR program was fu¡ther

processed by a second program (MEANS) which calculated the daily means of each

temperatue record. The progam read temperature reco¡ds and averaged eight

consecutive, three hour periods to form the daily means. Mean values were based on the

curent tempsratue record and the previous seven records. Output was stored in a

random file to be rerieved by the summer simulation progam,

3.3.3 Program Assumptions

Once the sol-ai¡ and mean temperatures were defined, the heat flow rates and the

temperatures within the structu¡e could then be determined using the summer model' The

surnmer simulation was similar to the winter model and was based on the following

assumptions.

1. The initial room temperatures were the optimum temperature fo¡ each room, which
was assumed to be 21 oC for the farrowing rooms, and 27 oC for the nursery
rooms.
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)

^

5,

6.

The number of pipes used for the summer model would be lhe same as

determined for optimum winter heating.

The airflow rates through the pipes remained constant. The airflow rates were
held constant so as not to invalidate the temperature data. Any exra ai¡flow
requirements would be made up with ambient ai¡.

The latent and sensible heat components due to the animais would remain the

same as the winter values.

The solar adsorptivities (e) of the ¡oof a¡d the wails were assumed to be 0.7 for
the roof, and 0.4 for the walls.

The surface film coefficients of heat transfer for the inside (h) and outside (h")

su¡faces we¡e assumed to be;
h; = 9,3 Wm'?K (1.65 Bru/hrfrbF),
h" = 23.0 Wm'zK (4.0 Btu/hrfPF).

It was assumed thât there was only a Íansfer of sensible heat to the airflow while
in the pipe. This approximation would have a negative effect on the cooling
process as it did not take into account the lost heat of vapourization due to
condensation. Overall, it would tend to make the calculations more conservative.

All solar radiation values were calculated for clear days to simplify the calculation
process. This resulted in an overall negative effect upon the cooling process,

again producing consewative results.

On the basis of the time lag calculations, it was assumed that all insulated/exterior
surfaces would have a time lag of 3.0 hours. All interior surfaces, with the
exception of the ceiling, would have no time lag. This considerably eased the

burden of calculations while having little effect on the ove¡all results. This was

especially true in the case of the interior walls where the time lag was very much
less than one.hour. . '

3.3.4 Equivalent Outside Temperatu¡es

The equivalent outside temperatures were calculated for each of the building exposures

and construction types. The exposures considered were the roof, east, south, west and

1

8.

9.
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north sides of the structure. The building construction types were the ¡oof, exterior walls,

floor, and gable ends. The program maintained the previous iteration values for the

current calculations. Equation 3.19 was used to calculate the equivalent outside

temperatures (Stewart, 1948).

tb=tn+h,*l-(t'-Ç)
U

where; tu = Equivalent outside temperature,(oC)

Ç = Daily average Sol-Air temperature, (oC)

hi = Inside air film coefficient of heat transfer, (Wm''K)
L. = Equivalent decrement factor, dimensionless

L'= Sol-Air temperature for the previous period, (oC)

(3.1e)

Sol-air and ambient temperature values were calculated for each expostrre by the MEANS

program (Appendix A). Mean values were calculated as the cunent temperature record

plus the seven previous temperature records. The ¡esults were stored in a data file for

later retrieval by the summer prc$ams.

3.3.5 Calculation of Hall and Attic Temperatures

Calculation of the hall and anic temperatures was simila¡ to that described for the winter

simulation (Section 3.2.2). The principle difference between the two models was the

treatment of ambient temperatures. The summer model replaced the ambient temperature

with the equivalent outside temperatures for each building exposure. The theory remained

the same, but the number of heat flow paths was increased.
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3.3.6 Calculation of Static Heat Balance

Calculation of the static heat balances was similar to that described for the winter

simulation (Section 3.2.3). Tlne summer simulation calculated all of the heat transfe¡

rates calculated by the winter simulation, however, the addition of the sol-air temperatures

made it necessary to calculate heat tra¡sfer rates as a function of exposure. This affected

the calculation of the gable ends, the exterior walls a¡d the foundation. Calculations of

heat transfer through the roof, ceiling, and interior partitions remained essentially the

same, with the only difference being the addition of a time lag factor for the ceiling

calculations.

3.3.7 Psychrometric Calculations

Calculation of the psyckometric properties of the control volumes was simila¡ to that

described in Section 3.2.4 for the winter simulation, except the summer simulation did

not assume a constant ambient ¡elative humidity. Mean monthly values of the hourly

relative humidities for Winnipeg were obtained from the Canadian Climate Normals

(1980) and substituted into the p¡ogram. The relative humidity values used by the

program have been shown in Table 3.6. As a result, relative humidity was allowed to

vary tkoughout the structue. The quality of the air leaving the soil-air tempering system

was checked for condensation, If the relative humidity was over 7007o, the absolute
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humidity rvas ¡ecalculaæd based on the satu¡a[ion vapour pressure of the pipe outlet ai¡'

Table 3.6 Mean hourly relative humidity at Winnipeg Intemational Aþort (7o). Canadian
Climate Normals, 1980

June July August SeptemberMay

1

4
7
10
13

16
19

22

72
72
72
60
48
50
51
62

80
83
85
70
55
61
67

77
76
75
64
52
54
55
66

81

82
83

68
53
57
60
IL

81

80
79
o/
54
5'l
59
70

3.3.8 Calculation of Ventilation Requirements

The ventiiation routine for the modeled structtue differed greatly from the winter

simulation, because the surnmer model was based on temperatue control as opposed to

moisture control. It was assumed that the ventilation Îâtes required for temperature

control would be more than adequate for moistu¡e control. Another key difference

between the simulations was that the summer simulation had a fixed number of laterals

based on optimum winter conditions. This implied that temperature control would not be
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possible at all times, and large amounts of ambient ai¡ would be necessary to make up

the deficiencies. The following paragraphs described the logic and calculations of

determining the venti.lation requirements. The logic of the process is shown in Figure 3.7.

It was assumed that the soil-air tempering system would be used primarily for winter and

surnmer conditions. Operation during the spring and fall seasons was seen to have ünle

benefit, so ambient ai¡ would be used as the primary ventilation sou¡ce during moderate

weather. A ventilation set point was determined as the anbient temperatrrre at which

temperature control within the farrowing rooms was no longer possible at the

¡ecommended ai¡flow rates (110 L/sflitter). The set point was determined to be 19o C.

For temperatures g¡eater than 19o C, the program would initiate tempering.

The next step was to calculate an estimate of the required venfilation rates based on the

sensible heat bala¡ces of the rooms. Ventilation potential was detemrined as the

difference between the rooms and the ambient or tempered air sensible heat contents'

Initial estimates of the mass and ai¡flow rates were then calculated.

The initial ventilation estimates enabled calculation of the quality and condition of the

hall air afær the addition of the ventilation air. An iterative procedure was used to test

successive calculations of the ventilation rate until convergence of +57o between

successive calculations was achieved. The equation was as follows:

v(n) = Q6rnl
GI"(n) - n"(3)) * 1000J/kJ * 1000L/m'* v(3)

(3.20)
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where; V(n) = ¡sqri¡'ed airflow for each room, (L/s)

Q6(n) = Static heat balance for each room, (W)
FI"(n) = Sensible heat content of each room, (kJlkg)

4(3) = Sensible heat content of hall air, (kÍkg)
v(3) = 5pr"¡¡. volume of ¡all air, (m3/kg)

Based upon the ambient temperature and the volumes of ventilation air required by each

of the ¡ooms, the program began a decision process to determine the composition of the

ventilafion ab.

The program frst tested to see if ambient ai¡ would be sufficient for temperature control

in each of the rooms. This assumed that the ambient temperatue was below the

ventilation set point for air tempering (19oC). If both conditions a¡E met, the program

continued with ambient air as the sole source of ventilation air. If the maximum

ventilation rate for either of the rooms was exceeded even though the ambient temperatute

was below the set point, air tempering was initiated and the program recalculated the flow

rates based on tempered air.

The next test was to determine if the¡e was sufficient tempered air to meet the

requirements. This assumed that the ambient temperatrue was above the set point or that

air tempering had been initiated. If the ai¡ tempering system couid meet the demand, the

progrâm continued with tempered air as the sole source of ventilation ai¡. If there was

insufflrcient tempered air to meet the current demand, the program began calculations for

a mixo¡e of the two sources.

Ventilation balancing consisted of two cases; i) when the hall temperature was less than

the nursery rooms; and ii) when the hall temperatue was greater than the nursery, If the
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temperature in the hall was greator than or equal to 27oC, it was assumed that temPerature

control within the nursery was not possible. The program began its calculations by

isolating the two a¡eas and deriving an initial estimate based on the farrowing rooms.

Once the eslimate had been established, the ai¡flow ¡ates and psychrometrics of the

system were compared against the nursery requirements and adjusted accordingly. The

differing criteria of the two areas required an iterative process to determine the balance.

The programs initial estimate was bâsed on the maximum soii-air tempering available plus

enough ambient air to reach the maximum ventilation rate for the farrowing rooms. The

tempered air was partitioned botween the farrowing (46.37o) and the nursery rooms

(53.7 Vo). The mixture was thon added to the hall, and the new condition was calculated.

At this point it was assumed that the farrowing rooms were at the maximum ventilation,

so all calculations depended on the state of the hall and the nursery rooms. The new hall

temperature was checked to ensure it had not exceeded the nursery temperatrrre of 27oC,

If this temperature was exceeded, the maximum ventilation rate was initiated and the

calculations were ended. If the hall temperature was less than 27oC, new nusery

ventilation rates wsre calculated based on the new hall conditions. The total ventilation

was then ¡ecalculated based on the needs of the nursery, and if there was less than * 5Vo

difference betweeir successive calculations the iteration was ended.
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3.3.9 Output Routines

The ouçut routines of the summer simulation had the same objectives and were similar

to the winter simulation (Section 3.2,6.) The output variables of the summer simulation

program were as listed below. SUM\{ENT had similar ouçut with the exception of the

tempered results,

Date,
Time,
Farrowing room

Temperature,
Relative Humidity,
Total Ventilation,
Ambient Ventilation,
Tempered Ventilation,

Nursery Rooms
Temperature,
Relative Humidity,
Total Ventilation,
Ambient Ventilation,
Tempered Ventilation,

Total Ventilation,
Total Ambient Ventilation,
Total Tempered Ventilation,
Ambient Temperature, and
Outlet Temperature
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3.4 Cost Analysis

3.4.1 NPV and EAVy' Calculations

Feasibility of any system can not be judged solely on the basis of technical merit, the

economics of the system has a great influence on the ultimate decision to proceed. To

provide an unbiased approach, it was decided to perform any financial analyses against

a typical conventional system using cu¡rent market prices. Net present value (NPV) and

equivalent annual worth (EAW) calculations we¡e preformed on each of the modeled

systems. Sensirivity analyses were performe.d on the NPV calculations to determine if

there were any underlying trends.

In total, there were six soil-ai¡ tempering systems and one conventional system studied.

The six tempering systems were derived from the 20 m and 29 m late¡al length results

for each of the 3 pipes. The cost estimates for each of the systems are presented in

Section 3.4.2.

Net present value calculations rvere performed to illusEate the benefits and costs over the

life of each system. The NPV's were calculated as a series of cashflows taken ove¡ the

life of the system. It was assumed that the enti¡e capital cost of the system was paid at

yeat zþro. The real rate of interest rate was assumed to be 57o, and the system life was

assumed to be 20 years. The real rate of interest represents the lending rate less the

a¡urual rate of inflation. The cost of elecricity was assumed to be $0.03/kW'h. The

calculations were performed using a PC based spreadsheet.

EAVy' calculations were performed to substantiate the NPV results, and to illustrate the
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costs from an annual perspective. The EAW's were calculated using a capital tecovery

factor, which was determined by Equation 3.21, T\e same variables of interest rate, rate

of inflation, and system life were used.

Annuity = Principal * i'(1+i)" (3.2r)
(1+i)" -1

lWhere; i = Real rate of interest, (7o)

n = Number of periods.

Sensitivity analyses were done for each of the financial va¡iabies to determine thei¡ effect

if any on the system NPV. The calculations were performed by varying a single variable

while holding the others constant. All calculations were made and tabulated within the

sprEadsheeL

3.4.2 Cost Estimates for Soil-Air Tempering Systems

Cost estimates were prepared for each of the soil-air tempering scenarios, and a

conventional ventilation system. These cost estimates were the basis for the economic

evaluation of the systems. The estimates were prepared with the intent that they

represented a true financial picture of each system. Costs were based on standard

construction values, and personal experience with PVC pipe. Tables were prepared for

each of the systems, which itemized the principal cost elements of each system. The

bottom line figure represented the total cost of the system inciuding a 707o contingency.

The costs did not include either federal or provincial sales taxes.

It was assumed that the PVC pipe was Series i00, bell and spiget, pressure pipe. This
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pipe has a 685 kPa (100 psi) pressure rating a¡d is capable of withstanding the bearing

load of the 3.0 m soil column. The basis of the prices shown in the tables was a cost of

$i.43ncg for PVC. This price was obtained f¡om Canron West in July, 1991. Unit

weights of the various pipe diameters were representative of industry standa¡ds. The

quantities of PVC pipe were determined by the number of laterals for each system. It

was assumed that two pipes were laid in each trench, as a result there was always an even

number of pipes.

Fabricated PVC fittings were used to ensure close, water tight connections. This prevents

the possible flooding of pipes and the subsequent loss of capacity. Some of the bends can

be fabricated on site for a slight cost savings. The PVC fittings were also quoted by

Canron West though personal correspondence of Ju1y, 1991.

The cost of the com:gated steel pipe (CSP) was obtained from the ARMTEC Price Book

for the Regina, Saskatchewan sales office. These values represented typical market prices

for galvanized comrgated lock seam pipe and were given on a iinear meÍe basis. It was

assumed that the 800 mm and the 1200 mm diameter CSP had a 2.8 mm thickness.

Metal fabrication consisted of welding and cutting of the CSP pipes to allow connections

to the PVC header and a centrifugal blower within the animal struchre. The price was

quoted in a personal conversation with LB Welding of Outlook, Saskatchewan in July,

1991.



Table 3.7 Soil-air tempering system capital cost estimate for Pipe No. 1 simulation using
29 m lateral lengths. 26 laterals within the system.

ltem Description
No.

Unit Unit
Price

Qty Extension

952
14
14
56

I

30

7.0

8.0

1.0 Series 100 PVC Pipe
1.1 250 mm diameter pipe
1.2 350 mm diameter pipe
1.3 500 mm diameter pipe
1.4 600 mm diameter pipe

2.0 PVC Fiuings
2.L 250 mm diameter elbow
2.2 350 mm diameter elbow
2.3 350 X 250 reducers
2.4 500 X 350 reducers
2.5 600 X 500 reducers
2.6 350 X 350 X 350 tees
2.7 500 X 500 X 350 tees
2.8 600 X 600 X 350 tees

CSP Culvert
1200 mm diameter pipe
800 mm diameter pipe

Installation
PVC Pipe
CSP Culvert

Metal Fab¡ication

Blower c/w Motor and
Installation

Insulated enclosure

Eiectric Heaters

Contingency (107o)

Total

m 12.42
m 21.19
m 44.09
m 63.45

m 251.18
m 494.07
each 310.39
each 594.11
each 688.17
each 507.90
each 823.76
each 1,049.52

m 170.46
m 119.59

m 26.00
L.S. 2,500.00

1,000.00

1,460.00

2,000.00

100.00

104
1

26
)
2

t3
2
8

5
6

$11,823.84
296.66
617.26

3,553.20

26,1,22;12
808.14

8,070.14
1,t88.22
1,376.34
6,602.70
1,647.52
8,396.16

852.30
717.54

26,936.00
2,500.00

1,000.00

1,460.00

2,000.00

3,000.00

10,896.87

$119"865.91

3.0
3.1
3.2

4.0
4.1
Àa

5.0

6.0

1,036
1

i

1

L.S.

L.S,

L.S.

kw



Table 3.8 Soil-air tempering system capital cost estimate for Pipe No. 1 simulation using
20 m lateral lengths. 24 laterals withi-n the system,

Item Description
No.

Unit Unit
Price

Qty Extension

1.0 Series 100 PVC Pipe
i.l 250 mm diameter pipe
1,2 350 mm diameter pipe
1.3 500 mm diameter pipe
1,4 600 mm diameter pipe

2.0 PVC Fittings
2.1 250 mm diameter elbow
2.2 350 mm diameter elbow
2.3 350 X 250 reducers
2.4 500 X 350 reducers
2.5 600 X 500 reducers
2.6 350 X 350 X 350 tees
2.7 500 X 500 X 350 tees
2.8 600 X 600 X 350 tees

CSP Culven
1200 mm diameter pipe
800 mm diameter pipe

Installation
PVC Pipe
CSP Culvert

Metal Fab¡ication

Blower c/w Motor and
Installation

Insulated enclosu¡e

Electric Heaters

Contingency (107o)

Total

m 12.42
m 21.19
m M.09
m 63.45

m 251.18
m 494.07

each 310.39
each 594.II
each 688.17
each 507.90
each 823.76
each L,049.52

m 170.46
m 119.59

m 26.00
L.S. 2,500.00

3.0
3.1
3.2

4.0
4.1
4.2

5.0

6.0

1,000.00

1,460.00

2,000.00

100.00

g7,278.12

296.66
617.26

3,109.05

24,113.28
808.14

7,449.36
1,t88.22
1,376.34
6,094.80
1,647.52
8,396.16

852.30
717.54

17,238.00
2,500,00

1,000.00

1,460.00

2,000.00

3,s00.00

9,164.28

586
14
L4
49

96
)

aÀ

2
)

t2
2
8

5
6

663
1

I

35

L,S.

L.S.

L.S.

kw

7.0

8.0

79
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Table 3.9 Soil-air tempering systom capital cost estimate for Pipe No. 3 simulation using
29 m lateral lengths. 12 laterals withi¡ the system.

Item Description
No.

Unit Unit
Price

Qty Extension

1.0 Series 100 PVC Pipe
1.1 250 mm diameter pipe
1.2 350 mm diameter pipe
1.3 500 mm diameter pipe

PVC Fittings
250 mm diameter elbow
350 mm diameter elbow
350 X 250 reducers
500 X 350 reduce¡s
350 X 350 X 350 tees
500 X 500 X 350 tees

CSP Culvert
1200 mm diameter pipe
800 mm diameter pipe

Installation
PVC Pipe
CSP Culvert

Metal Fabrication

Blower c/w Motor and
Installation

Insulated enclosure

Electric Heaters

Contingency (107o)

Total

m 251.18
m 494.07

each 310.39
each 594.11
each 507.90
each 823.76

m 170.46
m 119.59

m 26.00
L.S. 2,500.00

1,000.00

i,460.00

2,000.00

100.00

440
t4
21

m
m
m

1

40

12.42
21.r9
44.09

$5,464.80
296.66
925.89

t2,056,64
808.14

3,724.68
r,188.22
3,047.40
3,295.04

852.30
717.54

12,350.00
2,500.00

i,000.00

1,460.00

2,000.00

4,000.00

5,568.73

-$o,xo¡¿

2.0
2.1
)7
2.3
2.4
2.5
2.6

3.0
3.1
3.2

4.0
4.t
4.2

5.0

6.0

48
2

12
)
6
4

5
6

475
1

L.S.

L.S.

L.S.

kw

7.0

8.0

80



Table 3.10 Soil-air tempering system capital cost estimate for Pipe No. 3 simulation
using 20 m lateral lengths. 12 laterals within the system.

Item Description
No.

Unit Unit
Price

Qry Extension

i.0 Series 100 PVC Pipe
1. 1 250 mm diameter pipe
L.2 350 mm diameter pipe
1.3 500 mm diameter pipe

PVC Finings
250 mm diameter elbow
350 mm diameter elbow
350 X 250 reducers
500 X 350 reducers
350 X 350 X 350 tees

500 X 500 X 350 tees

CSP Culvert
1200 mm diameter pipe
800 mm diameter pipe

Installation
PVC Pipe
CSP Culvert

Metal Fabrication

Blower c/w Motor and
Installation

Insulated enclosure

Electric Heate¡s

Contingency (107o)

Total

m 12.42
m 21.19
m 44.09

m 251.18
m 494.07

each 310.39
each 594,11
each 507.90
each 823.76

m 170.46
m 119.59

m 26.00
L.S. 2,500.00

2.0
2.1
))
2.3
2.4
2.5
2.6

3.0
3.1
3.2

4.0
4.t
tl .,

5.0

6.0

7.0

8.0

1,000.00

1,460.00

2,000.00

100.00

$3,639.06
296.66
925.89

12,056.64
808.14

3,724.68
r,188.22
3,047.40
3,295.04

852.30
717.54

8,528.00
2,500.00

1,000.00

1,460.00

2,000.00

4,500.00

5,053.96

293
14
2t

48
2

12
2
6
4

5
6

328
1

1

45

L.S,

L.S.

L.S.

kw

s5,593.53
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Table 3.11 Soil-air tempering system capiøl cost estimate for Pipe No. 4 simulation using
29 m laÍeral lengths. 26 laterals within the system.

Item Description
No.

Unit Unit
Price

Qtv Extension

1.0 Series 100 PVC Pipe
1,1 150 mm diameter pipe
1.2 200 mm diameter pipe
1,3 300 mm diameter pipe
1.4 400 mm diameter pipe
1.5 500 mm diameter pipe

2.0 PVC Fiuings
2.L 150 mm diameter elbow
2.2 200 mm diameter elbow
2.3 200 X 150 reducers
2.4 300 X 200 ¡educers
2.5 400 X 300 reducers
2.6 500 X 400 reducers
2.7 200 X 200 X 200 tees
2.8 300 X 300 X 200 tees
2.9 400 X 400 X 200 tees
2.10 500 X 500 X 200 tees

m 4.73
m 7.97
m 17.53
m 27.91
m 44.09

m 251.18
m 494.07
each 310.39
each 594.L1
each 688.17
each 688.17
each 507.90
each 823.76
each 1,049.52
each 740.17

m 170.46
m 119.59

m 26.00
L.S. 2,500.00

64,502.96
1 1 1.58
245.42
390.74

i,851.78

4,324.32
160.76

2,709.98
485.94
792.76

r,t39.62
1,654.12

796.34
932.04

4,M1.02

852.30
717.54

26,936.00
2,500.00

1,000.00

1,460.00

2,000.00

2,500.00

5,764.53

9s2
14
14
14
42

r04
2

26
2
)
,)

13
)
,,

6

5
6

3.0
3.1
3.2

4.0
4.1
4.2

s.0

6.0

7.0

8.0

CSP Culvert
1200 mm diameter pipe
800 mm diameter pipe

Installation
PVC Pipe
CSP Culvert

Metal Fabrication

Blower c/w Motor and
Installation

Insulated enclosu¡e

Electric Heaters

Contingency (107o)

Total

1,036
1

1

25

L.S.

L.S.

L.S.

kw

1,000.00

1,460.00

2,000.00

100.00

$63.409.79



Table 3.12 Soil-air tempering system capital cost estimate for Pipe No. 4 simulation using

20 m lateral lengths. 24 laterals withi¡ the system.

ExtensionUnit Unit Qty
Price

Item Description
No.

586
t4
t4
t4
35

5

6

663
i

3.0
3.1
3.2

4.0
4.1
4.2

1.0 Series 100 PVC Pipe
1.1 150 mm diameter pipe
1.2 200 mm diameter pipe
1.3 300 mm diameter pipe
1,4 400 mm diameter pipe
1.5 500 mm díameter pipe

2.0 PVC Fittings
2.L 150 mm diameter elbow
2.2 200 mm diameter elbow
2.3 200 X 150 reducers
2.4 300 X 200 reducers
2.5 400 X 300 reducers
2.6 500 X 400 reducen
2.7 200 X 200 X 200 tees
2.8 300 X 300 X 200 tees
2.9 400 X 400 X 200 tees
2.10 500 X 500 X 200 tees

CSP Culvert
1200 mm diameter pipe
800 mm diameter pipe

Installation
PVC Pipe
CSP Culvert

Metal Fabrication

Blower c/w Motor and
Installation

Insulated enclosure

Electric Heaters

Contingency (107o)

Total

m 4.73
m '7.97

m 17.53
m 27.91
m M.09

m 251.18
m 494.07

each 310.39
each 594.11
each 688.17
each 688.17
each 507.90
each 823.76
each 1,049.52
each 740.17

m 170.46
m 119.59

m 26.00
L.S. 2,500.00

1,000.00

1,460.00

2,000.00

100.00

$2;771.78
i i 1.58
245.42
390.74

1,543.15

3,99r.68
160.76

2,50Í.52
485.94
792.76

1,,139.62
1,526.88

796.34
932.04

4,44t.02

8s2.30
7l7 .54

17,238.00
2,500.00

1,000.00

1,460.00

2,000.00

3,000.00

4,747.03

-sszpn 

sz

96
I

24
)
J
J

t2
7

2
6

L.S.

L.S.

5.0

6.0

L.S.

kw

7.0

8.0

i

30

83



The cenu-ifugal blower was sized to accommodate a system requirement of i,300 L/s

(2200 CFM). The price was obtained from the Hanscomb's Ya¡dsticks for Costing

(1991). The price included the fan, airfoil, motor and drive, and installation. The

indicated price for Winnipeg was $1,460.

The cost of the electric heaters was based on using wall mounted, forced ai¡ units. A

price of $100 per installed kW was suggested by Dennis Hodgkinson during a

conversation in 1988. This price was further supported by Hanscomb's (1991). The

heater requirements for each system were determined as the required heat at the winter

design æmperature of -34oC.

The conventional system required no special costing beyond that for electric heaters.

Based on a system requirement of 75 kW and a 1070 contingency, the cost of heaters was

$8,250 fo¡ the conventional system. All other equipment, such as exhaust fans, was

cornmon between the systems a¡rd was not considered in the cost estimates.
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4.0 DISCUSSION AND RESULTS

4.1 Model Assumptions

The calculation procedure for the simulations was based on the Equivalent Temporature

Differential Method recommended by ASHRAE (1985), a finite difference model' The

procedure was well suited to ttris type of approach as the ¡esults were based on curent

and previously defîned quantities. Implicit relationships between the various control

volumes within the model made it necessary to make use of an ite¡ative procedure.

The winter simulations assumed a simple one dimensional heat transfer through the

structure. For the purposes of energy estimations this was an acceptable means, as

outlined by ASHRAE (1985) and Esmay and Dixon (1986).

The effects of convective heat transfet were simply handled within the overall coefficient

of heat transfe¡ (U). The air fîlm heat transfer coefficients were obtai¡ed from Mackey

and Wright (1944) and ASHRAE (1985). The outside coefficient was assumed to be 22.7

W/m'?K, and the inside coefficient was 9.3 Wm2K,

The effects of solar radiation were not included in the winter simulation. The net effect

of solar radiation would have been positive, however it was felt that the design should

reflect the worst condition which excludes solar gain. This assumption had a conservative

effect on the results.
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The effects of solar ¡adiation were included in the summer model. The sol-ai¡

temperature as outlined by Mackey and Wright (1944) and ASHRAE (1985) effectively

incorporated the solar radiation component into an equivalent dry bulb temperature. Sol-

air lemperatures were calculated fo¡ each exposure of the building based on the time of

day and year. It was assumed that the cloudiness index was unity, that is a clear day.

This assumption overestimated the sola¡ intensity, which added a safety factor to the

surnmer simulation.

The purpose of the simulations was to determine if the soil-air tempering systems were

capable of providing ventilarion requirements in a ha¡sh envi¡onment, The simplifying

assumptions of the simulations tended to be conservative, but they provided the worst

case scena¡ios for both winter and suûrmer.

The winter simulation assumed that moistu¡e control was possible at all times therefore

the relative humidity within each rooms was constant. It was also assumed that the

absolute humidity of the soil-air tempering system was equal to the absolute humidity of

the ambient ai¡, which was assumed to have a relative humidity of 957o, An assumption

was mâde that the system late¡als were dry and that there was no moistu¡e picked up by

the ai¡flow. These were not uffeasonable assumptions, and the resulting ai¡flow rates a¡e

within the recommended ranges of Agriculture Calada (i98i, as cited by VIDO, 1986)

and Esmay and Dixon (1986).
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The relative humidity of the ambient ai¡ was allowed to va¡y in the summer simulation,

because temperatu¡e control was the governing criterion. It was assumed that the absolute

humidity of the outlet air was equivalent to the ambient air, unless the dew point was

encountered at which time the absolute humidity of the outlet was recalculated.

4.2 Model Results

The temperature database for ambient temperatures and outlet temperatures for each of

the 29 m long pipes are shown in Figures 4.7 to 4,3. The figures show that the soil-air

tempering systems provided a substzurtial heat gain to the ambient air and greatly reduced

the amplitude of the daily va¡iation in temperatures. As ambient air began to warm tho

effects become less pronounced. This heat gain and reduction in daily va¡iation were the

factors which prompted fwher investigations into the feasibility of using a soil-air

tempering system.

The outlet temperatues for the 20 m lengths are not shown to simplify the graphs. A

comparison of the 29 m outlet temperattue and the 20 m outlet temperature for Pipe I

(250 mm Diameter, 50 L/s airflow) is given in Figure 4.4.Over the winter period the 20

m pipe lengths experienced a wider range of temperature swings than the longer pipes.

The average temperature of the two lengths for the period were within 2oC. Murray

(1987) found that on average 807o of the temperatrue tempering occurred within the fnst
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20 m of the lateral or 67 ?o of the length. The effects of differing the length were to be

investigated to determine the cost-benefit effect. The other two pipes performed in a

similar ma¡ner with comparable results.

Summer databases are shown in Figures 4.5 to 4.7, and as was the case with the winter

simulation only the ambient and 29 m length results have been shown. The outlet ai¡ of

the tempering systems showed significant differences from the ambient ai¡ for each of the

pipes. A noticeable effect of the soil-air tempering was the ¡educed amplitudes of the

daily temperature variations. It was thought that this effect and the reduced temperatues

might provide a benefit for summer cooling.

The 20 m lateral lengths performed with slightly wanner temperatures than the 29 m

Iengths. The 20 m lengths were not modeled for summer operation, because the

preliminary results of the 29 m lengths showed little or no summer cooling benefit. It

was felt that if only marginal benefits existed with the 29 m lengths, there was nothing

to prove by running the 20 m pipe length model. BenefÍs were gauged by comparing

the resultant temperatu¡es within the structu¡e, while using or not using soil-air tempering.

The design criteria of the physicai systems were based on winter operation. Typical

systems in Manitoba do not make use of summe¡ cooling beyond the use of increased

ventilation rates. To make a valid comparison with conventional systems, the soil-air

tempering system was sized for winter moisture control not surnmer cooling. The size
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or number of laterals within the system wele determined as a function of the winter

design æmperature for Vy'innipeg and the resulting design heat load. After the systems

were selected for winter conditions, they were run under summer conditions to determine

if any benefits were derived.

To determine the design heat load, the temperature database was sea¡ched for occuÍences

of the ambisnt temperatue at the winter design temperatue of -34o C. A range of + 2o

C from the design temperatu¡e was used for the search. There were 34 occurrences of

the design tempe¡ature within the database. The average temperature of these occturences

was -34o C. The required heat (kW) vaiues of all occrurences were averaged to yield the

winter design load for each of the pipe configurations. The design heat load for the

convenrional system was determined to be 71.8 kVr'. The design heat loads for the soil-

air tempering systems have been shown in Table 4.1.

Table 4.1 Design heat loads and number of pipes for each soil-air tempering system

configuration.

System Pipe
Number
No. No.

Pipe

Dia.
(mm)

Ai¡flow

Rate
(L/s)

Lateral

længth
(m)

Design Required

Heat Load of Pipes
(kw)

28.t 25

34.4 24
39.3 11

45.1 11

22.8 26
31.7 24

29
20
29
20
29
20

1 250 50
| 250 50
3 250 100
3 250 100

4 150 50
4 150 50

1

)
5

4
s

6
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The simulation ¡esults of each pipe were then sea¡ched for all occurrences of the design

heat load, for that specific pipe and length. The simulation had calculated the

instanta¡eous heat production of the soil-ai¡ tempering systems using a va¡iable number

of pipes. A sea¡ch for a specific range of heat values (t 1 kV/) yielded the number of

pipes required to supply that quantity of heat. The number of pipes required by each pipe

configuration has been given in Table 4.1.

Tables 4.2 to 4.4 on the following pages presenr the resulrs of the winter simulations for

Pipes 1, 3, and 4. The maximum, minimum and average values of temperature, required

heat, and ventilation rates are given for ambient conditions a¡d each pipe. The results

were separated into the required heat loads for the conventional and tempered systems,

a¡d a summary of the ventilation rates for each system. The required heat loads for the

period of study are given as a total sum in units of kW.h, and the instantaneous

maximums, minimums, and average values (kW). The system gain was the difference

between the conventional and the tempered syslem, and represented the derived energy

savings.

The ventilation results were presented to determine the effect of tempering on ventilation

rate, The d¡y air mass flow rates were constant for all systems, since it was assumed that

the absolute humidities of dre ambient and tempered air were equivalent. The airflow for

the conventional system was presented in terms of m3/h and L/s, Results for the

tempering systems were presented for the total ventilation rate, and the components of

tempered a¡d ambient air required. All ai¡flows were measured at the inlet of the

building.
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Table 4.2 Winter simulation results for Pipe 1 (250 mm diameter, 50 L/s airflow),
including temperature, sysæm heat, and ventilation rates fo¡ ambient,29 m and 20 m pipe
length systems. Januuy 2 to March 6, 1985

Sum Minimum Maximum Average
(kw'h)

Svstem Heat Loads

Ambient Ventilation

Ambient Temp (C)
Req'd Heat (kW)

Tempered Ai¡flow - 29 m Pipe Length

Outlet Temp (C)
Req'd Heat (kW)
System Gain (kW)

Tempered Airflow - 20 m Pipe Length

Outlet Temp (C)
Req'd Heat (kW)
System Gain (kW)

Ventilation Rates

Ambient Ventilation

Mass Flow (kg/s)
Airflow (m^3/h)
Airflow (I"/s)

29 m Pipe Length

Total Ai¡flow (I-ls)
Tempered Airflow (L/s)
Ambient Ai¡flow (L/s)

20 m Pipe Length

Total Aìrflow (-/s)
Tempered Airflow (L/s)
Ambient Ai¡flow (L/s)

-41.3 4.2 -18.4
-2032t -86.8 -5.5 -41.8

-t3.9 0.5 -6.2
-9046 -34.7 -7.4 -18.6
tt275 -16.8 59.0 23.2

-18.0 1.0 -7.8
-10542 -42.3 -7.3 -21.7
9779 -16.1 52.9 20.1

1.5 2.3 1.6
3868.1 6313.6 4300.0
1074.5 1753.8 1194.4

i073.0 t763.0 rr93.4
1073.0 tn3.0 tt71.r

0.0 51,3.3 22.3

1056.0 1769.0 1186.4
1056.0 1224,0 i 150.8

0.0 569,9 35,7



Table 4.3 Vr'inter simulation results for Pipe 3 (250 mm diameter, 100 L/s airflow),
including temperature, system heat, and venrilation rates for ambient, 29 m a¡d 20 m pipe
length systems. Ianuaq 2 to Ma¡ch 6, 1985.

Svstem Heat Loads

Ambient Ventilation

Ambient Temp (C)
Req'd Heat (kW)

Tempered Ai¡fiow - 29 m Pipe Length

Outlet Temp (C)
Req'd Heat (kW)
System Gain (kW)

Tempered Ai¡flow - 20 m Pipe Length

Outlet Temp (C)
Req'd Heat (kW)
System Gain (kW)

Ventilation Rates

Ambient Ventilation

Mass Flow (kg/s)
Airflow (m^3/h)
Ai¡flow $-ls)

29 m Pipe Length

Total Airflow (L/s)
Tempered Ai¡flow (L/s)
Ambient Ai¡flow (L/s)

20 m Pipe Length

Total Ai¡flow (L/s)
Tempered Airflow (L/s)
Ambient Ai¡flow (L/s)

Sum Minimum
(kw'h)

_41.3
-20364 -0.1

_22.8
-t3t47 -0.1
7217 -0.0

-27.4
-14597 -0.i
5767 -0.0

Maximum Average

4.2 -18.4
-0.0 -0.0

-0.2 -10.5
-0.0 -0.0
0.1 0.0

2.2 -12.1
-0.0 -0.0
0. i 0.0

1.5
3868.1
1074.5

1034.0
1034.0

0.0

1015.0
1015.0

0.0

2.3 1.6
6313.6 4300.0
1753.8 tr94.4

1766.0 1174.2
1149.0 1097.9
666.6 76.6

1'770.0 1167.5
1148.0 1093.4
670.1 74.4
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Table 4.4 Winter simulation results for Pipe 4 (150 mm diameter, 50 L/s ai¡flow),
including temperature, sysæm heat, and ventilation rates for ambient, 29 m and 20 m pipe
length systems. January 2 to Ma¡ch 6, 1985.

Sum
(kw.h)

Minimum Maximum Average

Svstem Heat Loads

Ambient Ventilation

Ambient Temp (C)
Req'd Heat (kW) -20364

Tempered Ai¡flow - 29 m Pipe Length
Outlet Temp (C)
Req'd Heat (kW) -7990
System Gain (kW) 12374

Tempered Airflow - 20 m Pipe længth

-4t.3
-86.8

1.5
3449.1
958.1

1083.0
1083.0

0.0

1057.0
1057.0

0.0

-0.3
-6.3
66.2

-5.1
-16.4
25.4

4.2 -18.4
-5.5 -41.8

- 1 1001
9363

-11.4
-30.4

-9.6

-17.3
-41.9

-9.5

Outlet Temp (C)
Req'd Heat (kW)
System Gain (kW)

Ventilation Rates

Ambient Ventilation

Mass Flow (kg/s)
Airflow (m^3/h)
Ai¡flow (L/s)

29 m Pipe længth

Total Airflow (L/s)
Tempered Ajrflow (L/s)
Ambient Airflow (L/s)

20 m Pipe længth

Totai Airflow (L/s)
Tempered Ai¡flow (I-ls)
Ambient Airflow (L1s)

-1.0 -8.3
-10.8 -22.6
61.7 19.2

2.3 1.6
6437.3 41i8.3
1788.1 1t44.0

1760.0 1198.4
t324.0 1184.4
460.6 14.1

1760.0 1184.3
t223.0 1150.8
560.9 33.6



The conventional ventilation system made use of ambient ai¡ as the sole source of

ventilation air. For the period in question temporaturÊs va¡ied f¡om a minimum of -41o

C to a maximum of 4.2"C (Refer to Table 4.2). This range encompassed the design value

of -33' C for Winnipeg suggested by ASHRAE (1985). The simularion câlculated rhat

for the period in question 20,321 kv/h of energy would be required to warm the incoming

venfilation air and maintain temperature contol within the animal rooms. This value was

the basis of all further comparisons with the soil-air tempering systems.

Results fo¡ Pipe I (Table 4.2) are shown for the winter period from January 2 to March

6, 1985. During this period the required heat of the 29 m Laterals was 9,046 kWh, and

the 20 m laterals required 10,542 kWh. The required heat was the supplemental energy

required by the tempering systems to maintain the optimum room temperatrues. In both

cases this was a reduction of approximately 50Vo comparcd to the conventional system.

The 29 m lateral system required 14.2Vo less heat tha¡ the shorter system. Outlet

temperatues varied by 14.4o C for the 29 m system, and 19o C for the 20 m system.

Results for Pipe 3 (Table 4.2) are shown fo¡ the same winter. During this period the

supplemental heat required by the 29 m Laterals was 13,147 kWh, and the 20 m laterals

required 14,597 kWh. In the case of Pipe 3, the reduction was between 28.57o and 35.4Vo

of the conventional system. The 29 m lateral system required 9,9Vo less heat than the

shorter system. Outlet temperatures varied by 23.0" C for the 29 m system, and29.6o C

for the 20 m system.
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Results for Pipe 4 (Table 4.3) are shown for the same winter period. During this period

the supplemental heat required by the 29 m Laterals was 7,990 kWh, and the 20 m

laterals required 1i,001 kwh. ln the case of Pipe 4, the reduction was between 45.87o

and 60.87o of the conventional system. The 29 m lateral system requ'ted 27 .47o less heat

than thg shorter system. Outlet temperatures varied by 23.0o C for the 29 m system, and

29.6o C for the 20 m system.

The results suggest tlìat system heat gain was inversely proponional to pipe diameter and

to ai¡flow rate. Pipe 4, which had the smaller pipe diameter (152 mm) a¡rd the lower

ai¡flow rate (50 L/Ð, had the highest heat recovery, followed by Pipe 1 (254 mm

diameter, 50 L/s ai¡flow rate), Pipe 3, which had a pipe diameter of 254 mm and an

ai¡flow rate of 100 L/s, showed the least amount of difference between pipe lateral

length. This would imply that the slower airflow rates permitted greater heat transfer

between the pipe and the moving ai¡stream. The smaller diameters would also have a

better su¡face area to volume ratio,

The ventilation rates of the three pipes va¡ied little ftom that required by the conventional

system. This was as expected since the basis of ventilation was moisture movement zurd

absolute humidities were assumed constant. The va¡iation shown is due to the differences

in density because of temperature. Since the 29 m systems had the warmest temperatues

they also had the higher volumetric airflow ¡ates.



For the most part, there was relatively little difference between the range of vendlation

rates necessary for each of the systems. This difference became even more negligible

when one considered that these rates were further partitioned for each of the ¡ooms.

F¡om the summer calculations it was determined that 4 6.3Vo of rhe ventilation requirement

was necessary for the fanowing rooms, the remainder went to the nusery rooms.

From Table 4.5, the model indicated a need for mainraining a ventilation rate slightly

higher than the recommended continuous ventilation rate recommended by VIDO (1986),

but still in the correct range. This agreement between the values would tend to validate

the results obtained by the model.

Table 4.5 Comparison of predicted ventilation rate to recommendarions of VIDO (1986).

Ventilation Type Model

Winter Minimum
Farrowing (L/slitter)
Nursery tlls/pig)

Winter Maximum
Farrowing (I-isÂitter)
Nursery G/Vpig)

8.3
f. i3

7
0.7 - 0.9

14
1.4-1.9

i3.5
1.85

A comparison of the room temperatures during the summer period is shown in Table 4.6.

These ¡esults are for the conventional and soil-ai¡ tempering systems for the period of

May 27 to September 3, 1985. The table presenrs the maximum, minimum, and average
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values for the ambient a¡d 29 m outlet temperatures, the faÍowing rooms temperature,

and the nursery rooms temperature. Pipe 4, which had the smallest diameter and slowest

airflow rate, seemed to be the most efficient in terms of cooling, although the difference

in cooling results were not as pronounced as those for heating. All of the soil-ai¡

tempering systems and the conventional system operated within the same rarge of

temperatures with little perceived differences or benefits.

The results of Table 4.6 are supponed by Figures 4.8 and 4.9 which give rhe temperature

differentiais between ambient and pipe 4 (150 mm diameter, 50 L/s airflow) for the

resultant fa¡¡owing and nursery rooms temperatures, respectively. These graphs represent

values calculated for the period between July 15 and July 31, 1985. This period was

selected because it had relatively high ambient temperatures. In both rooms, the

maximum temperature difference was approximately 2oC, between a conventiona-l a¡d the

tempering system. These graphs just show the relative diffe¡ence between the two

systems, they do not imply that the optimum temperature of the rooms were maintained.
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Table 4.6 Summer simulation ¡oom temperature resuits for the 29 m lateral length, soil-air
tempering systems and the conventional sysæm. May 27 to September 3, 1985.

Conventional Pipe 1 Pipe 3 Pipe 4

Ambient or Outlet Temperature (oC)
Maximum
Minimum
Average

Farrowing Room Temperature (oC)
Maximum
Minimum
Average

Nursery Room Temperature (oC)
Maximum
Minimum
Average

16.7 20.5 14.9
3.9 2.9 3.8

i 1.0 13.0 9.9

37.t 37.8 36.8
19.8 20.5 19.5
22.8 23.1 22.7

34.7 35.3 34.4
26.9 269 26.9
27.2 27.3 27.2

33.8
-L.2
16.5

39.t
21,.0

23.4

36.s
27.0
2'7.4

4.3 Economic Änalysis

The analysis of the systems made a number of assumptions with respect to financial

va¡iables. Values were arbitrarily selected as being representafive of the long tenn

financial expectations. Sensitivity analyses of each of the va¡iables were performed to

onsl¡Ie there were no material errors. The assumptions were as foÌlows;

1. The entire capital cost of each system wâs paid by a loan amonized over the life

of the system;
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)

J.

4.

The real rate of interest was assumed to be 12Vo;

The cost of electricity was assumed to be $0.03 /kW.h; and

The service life of the system was taken as 20 years.

The net present value (NPV) and the equivalent annual rvonh @AW) were calculated for

each of the soil-air tempering and conventional systems. The basis of the comparisons

was the net difference in cost of capital and operation between the soil-air systems and

a conventional system. Based upon the previous assumptions, the values for the systems

have been presented in Table 4.7. Annual energy costs were extrapolated to a three month

heating season. l50Vo of the calculated heat requirements for each system (kW.h)

(Tables 4.2 to 4.4) were taken as the annual heating requirements, The cash flows used

for the net present value calculations have been presented in Appendix C.

F¡om Table 4.7, it was evident that none of the systems were competitive with a

conventional system. The principle reason was the high capital cost of each of the soii-ai¡

tempering systems. Sensitivity analyses of the cost of electricity, and the real ¡ate of

interest are presented in Tables 4,8, and 4.9. These tables show that the above variables

have little effect on the NPV's of the systems.

Some would argue that the capital costs of the soil-ù tempering systems were too high,

and that cost savings could have been found through the use of alternative materials a¡d

"Do-it-yourseif' labour, The cost estimates were prepared assuming a turnkey philosophy
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for comparable new strucfures. Specific scena¡ios may have an inherent economic

advantage, but for the majority of cases these estimales should be representative of most

operations.

Table 4.7 Net present value and equivalent annual worth of soil-ai¡ tempering and
conventional systems.

System
No.

Pipe
No.

Lateral Capital
Length Cost
(m) ($)

Annual Net
Energy P¡esent
Costs Value

Equivalent
Annual
Worth

I
)

4

t29
t20

119,866
100,807

(10,02s)
(8,s63)
(s,s07)
(5,118)
(5,448)
(4,68s)
(1,s78)

407 (124,785)
474 (106,s40)
592 (68,406)
657 (68,532)
360 (67,7ss)
495 (58,200)
916 (t9,32s)

5

6
Conv.

3 29 61,256
3 20 55,594
4 29 63,410
429 52,2t7

8,250

Note: Pa¡entheses 0 indicate negative cash values.

The use ofPVC pipe and fìttings conributed the largest cost factor to the systems. The

cost estimates we¡e based on the use of Series 10, gasketed joint, pressrue pipe. This is

not ar uûeasonable assumption, if the depth of bury and the use of smooth wall were to

be maintained, The depth of bury dictated that a semi-rigid pipe would be necessary to

prevent buckling. There would be little difference in the cost of using either sewer or

pressure pipe, made from PVC or high density polyethylene ftIDPE) pipe.



Table 4.8 Sensitivity of Net P¡esent Value to cost of electricity.

Real Interest Rate 5.0Vo

Number of Years 20

Cost of Electricity
($/TW.h) o.ols
System No.

0.03 0.040.035 0.10

1

,
J
4

6
Conv.

(r22,32s) (124,785)
(103,674) (106,s40)
(64,831) (68,406)
(s9,s63) (63,532)
(65,582) (67,7ss)
(55,209) (58,200)
(13.787) 09.325\

(12s,60s) (126,42s)
(107,496) (108,4s1)
(69,s98) (70,789)
(64,8s5) (66,i78)
(68,479) (69,203)
(s9,r97) (60,194)
(2r,r7t) (23,016)

(128,06s) (136,264)
(1i0,362) (119,918)
(73,t72) (85,089)
(68,824) (82,055)
(70,6s2) (77,894)
(62,i89) (72,160)
(26,708) (45,i66)

Table 4.9 Sensitivity of Net kesent Value to real rate of interest.

Cost Of Electricity
Rate of lnflation
Number of Yea¡s

0.03 $/kwh
5.07o

20

Interest
Rate (7o)

System No.

5.53.5

I
2
J
4
5
6
Conv.

(t2s,696) (125,446)
(107,602) (107,311)
(69,730) (69,367)
(65,002) (64,s99)
(68,s60) (68,339)
(59,308) (s9,004)
(2r,376) (20,813)

(12s,2r2) (124,785)
(107,038) (106,540)
(69,026) (68,406)
(64,22r) (63,532)
(68,132) (67,75s)
(s8,719) (58,200)
(20,286) (19,32s)

(r24,59t) (124,408)
(i06,314) (i06,100)
(68,123) (67,8s7)
(63,218) (62,923)
(67,s83) (67,422)
(57,964) (s7,74t)
(18,887) (18,475)

The use of com.rgated polyethylene drainage pipe was discounted because of the

comrgated wall profile of the pipe. The comrgations would have different heat Eansfer
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characteristics due to greater ai¡ turbulence. This would have invalidated the temperature

database, and hence the cost projections. It was thought that comrgations might lead to

the accumulation of debris within the pipes. This could cause flow restrictions or the

creation of pathogens within the pipes.

The cost of high density polyethylene (FIDPE) corrugated drain tube is more arrractive

than PVC pipe, though the larger diameters loose some of thei¡ cost advantage. HDPE

fittings are also cheaper tha¡ PVC, bur rhey will not be as warerrighr. A typical cost for

150 mm diameter comtgated drain tube is approximately $3.00/m from past experience.

This represents a savings of 37.57o over rhe cost of PVC. If the system described in Tabte

3.12 is used as an example, and it is assumed that the same discount would apply for all

materials, a savings of $8,186,70 is realized. The cost of installation is not discounted,

bscause at a 3.0 m depth the HDPE tubs can not be plowed, and more care is necessary

when placing the tube to maintain grade and compaction.

The other key element of the capital cost was the installation of the pipe. Arguments

have been presented in favour of lowering the i¡stallation costs on the basis that many

operators have both the time and the equipment to perform this type of work. This

argument is not true in all cases, and thus was not used in the analysis of the model.

Further to this end, a backhoe capable of excavating a 3.0 m trench would be far to

valuable to have sitting idle. Operators with this type of equipment should look for more

economic means of utiiizing their equipment.



With respect to having ample free time, most farmers a¡d especially livestock operators

would disagree quite suongly with that assumption. Typical pipeline crews laying PVC

pipe would have employed 4 to 5 crew members to safely perform the job. Using a

typical farm backhoe, it would take almost a full month to install a system using either

Pipe I or Pipe 4. This time estimate assumed that the excavation was opened, pipe laid,

and the excavation closed within one day for each lateral. The pipe should also be laid

during the warmer months, so that frost and snow rvould not impede the excavation.

Based on the above arguments, the laying of the pipe would be beyond the abilities of the

average farm operation,

Table 4.10 presents the breakeven capital costs for each of the systems considered, based

on the NPV of the conventional system. Each of the system's capital costs were

calculated assuming a NPV of ($19,325). The values in the table indicate that the supply

and installation cost of the pipe has to be around $i0/m to $15lm to jusrify a system.

Table 4.10 Breakeven capital costs for soil-air tempering systems based on the NPV of
a conventional system,

System
No,

Pipe
No.

Pipe Lateral
Dia. Length
(mm) (m)

Total Pipe
Installed

(m)

B¡eakeven
Capitai Cost

1,036
663
475
328

1,036
663

t4,405
13,592
12,175
11,387
14,980
13,342

I 250 29
I 250 20
3 250 29
3 250 20
4 150 29
4 150 20

I
)
J
4
5

6

tt2



4.4 Subjects of Future Study

The thesis assumptions have created a numbe¡ of shortcomirgs in the model which affect

the overall system costs and economics. It may be possible to reduce the costs o¡

improve the economics of the tempering systems by reducing some of the limitations

placed on them by the design basis. The following paragraphs describe some of the

potential areas of study that may individually or in concen make soil-air tempering a

feasible solution.

A longer heating season, which included intermittent operation through the spring and

fall, might increase the benefit of the tempering system. The tempering system was not

modeled through the tra¡sition seasons because Munay (1987) found that continuous

operation at these times tended to lessen the benefîts later in the heating/cooling seasons.

As an example, operating during warm spring days wa.rms the soil temperature before the

heat of summer when the maximum benefit occurs. The same would hold true in the fall

when operation tends to cool the soil. Intermittent operation through the spring and fall

might provide an optimum solution whereby the maximum heating and cooling vaJues are

achieved.

The potential benefits of summer cooling should be investigated. Currently air

conditioning is not used for a typical Vy'estern Canadian operation, though there may be

some benefit to maintaining the room temperatures through the summer months. By
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increasing the airflow of the tempering systems though the summer months, the systems

contribute a larger proponion of the ventilation requirement, and result in greater cooling.

This could also be operated on an i¡te¡mittent basis to optimize the soil as a heat si¡k.

The high capital cost of the tempering systems required eithe¡ a reduction in the material

quantities or costs. Material quantities might be reduced through the use of materials with

improved heat transfer cha¡acteristics or smaller diameters. The use of altemate materials

for the pipe and fittings could also significantly affect the ove¡all costs of the systems.

From an economic standpoint, it may not make sense to implement the entire system at

once. Disributing the capital costs over a period of time might improve the ove¡all value

of the system. Shorter lengths and fewer late¡als would contribute less heat to the system,

but is this outweighed by the cost savings.



5.0 Conclusions

The principal conclusion of this thesis is that Soil-Ai¡ Tempering is not an economically

feasible altemative for pre-treating ventilation air into a swine farrowing to nursery

operation. Based upon the temperature database generated by Munay (1987), none of the

pipe configurations compared favourably against a conventional, electric heat system.

The EAW of a conventiona-l system was estimated to be ($1,104), which represented an

equivalent annual cost. This value was base upon the estimated annual consumption of

elecricity, and an annuai rate of inflalion of 5Eo over a20 ye?tr period. There were no

associated capital costs. The EAW's of the soil-air tempering systems ranged from

($6,104) to ($14,998).

The break even capital costs of the soil-ai¡ tempering systems were calculated to be

equivalent to the NPV of the conventional system. The NPV of the conventional system

was ($8,250). The values shown in 'lable 4.12 illuseated that the cost of materials and

labour would hêve to be drastically reduced to make these altematives viable.

Rudimentary sensitivity analyses showed that interest rates, inflation, and the cost of

electricity had little effect on the economics of the systems.

The winter simulations predicted ventilation rates for moisture controi within the

established guidelines of Agriculture Canada and VIDO. This would in part validate the
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results of the winter models.

The systems were perceived to have litde benefît for summer cooling. The summer

simulation showed linle difference in room temperature between the soil-air tempering

systems and the absence of any cooling. There was no attempt made to develop a cost-

benefit ana-lysis of the systems for summer cooling, because the system costs were of an

o¡der of magnitude $eater than a conventional system.
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I REH H¡¡iMOD1.EÁS HRITTEN: IEBRUARY 19, tg8?
2 NEH SOIL-¡.IN TEHPERING SII,IULAIION FOR HI}IIER CONDIîtO}IS. THE PUPRPOSE OF ÍHE

T|ODEL IS 10 DUTUNflINE 1H8 NI'HBEB OP LATERT{LS NECTSSARY FOR EACH PIPE
CONTICURÁÎION.

3 REH THIS PROCR.{I' REÀDS DATA FROM P8EPÀR¿D DÄÎA PILES D?OO?.PRN FROH A HARD
DISX. IT CREATES NEH PILSS IC?O?.PBN ALSO STONED ON lHE H¡,RD DISN,

6 REI' THE PROCRáH REQUIRES NO INPUîS FROH THE USER, BUî THE SUEDIRECîORY
CONTAI}IINC TIIU îE¡IPER,{TURE DAîA MUST BE ACCESSED BEFONE OPERAÎION OP lHE
PROOn¡.H. lHE PROGRI}I RUNS ON CIIBASIC.

? NEM TIE PROCNâìI ÄSSUIiES îHAT THE H¿AÎ BÁLÂNCE BETI{EEN TH¡ TARNOHINC, NURSERY,
AND HÂLLS EQUILIBRIAîES HIlH ÎI}IE. lHIS HEAT B,{L,{.I¡CE lrlLL TNDICAlE EITHER
THE NEED POR SUPPLEMENI,{L HEAÎ, OR ÎEHPERAÎURE CONÎNOL,

8 REII lHE PROCR]I}.Í OUlPUl CONSISTS OT A},IB¡ENÎ AND OUTLET IE}'PERATURE, THE HEAT
BALANCE (H), AND lHE NU}IBPN OF PTPES NECESSARY POR HOISÎURE CONTROL,

9 RE¡I THDRE IS ¡{O ACCOUNTINC FOR TEHPERÁII'ÌE CONTNOL VEXI¡I,ÁTION BUILT INÎO THTS
PNOCRA.}', lHI HEAT BALANCT ALO}iE HOULD INDICATE ÎIìE NEED FOR FUBTHEÈ
VENlI L¡,TION,

10 RET' PROCRA}' CONSTANÎS
20 REll 

^RE^S30 ÀR=682. 9r,{c=75 :^c(0)=648: 
^c( 

1)=3??.4 | 
^c(2)=rst. 

z: Ac(3)=119,4
40 AH( 1):118t A$(2)=105¡ 

^H(3):50: 
ArH( l):tI8r ArH(2)=t05 ! 

^rH(3):2235O REH OUÎSIDE FLOOR PERIHBÎERS
60 P ( 1) =47.2: P(2)={9.2i P(3)=20
?O RBI{ HEAT IRANSHTSS¡O}T COEFFICIENîS
80 UC=,286t tH=UCt U8:2.94: UC=4.Olt UFL=.?14i UIH:t.?2
9O NEH RELATIVE HUMIDITIES ATD INITIA! îEI,'PERATURES
100 nH( 1).. ?5 ! RH(2)=,?51 RH(0)=.95
110 1(r)=2Ir 1(2)=2?
120 RE}| SENSIBLE AH¡ LAlENl HEAT PRODUC1ION OF .{NIHALS
130 NA(1)=60: N^(2)'510: NÀ(3)=0
I40 SHEAT(I)=248r SHEAT(2)=41.?r SHEAT(3)=0
150 LHE^Î( 1) = 394 r LHEÂT(2)=54.3r LHE^T(3)=O
160 REH IISC. VÀAIABLBS
1?0 PÀ= 101.325 r DT3=0
180 DIí K13(20)
190 Drr| KTÄÎÎ(20 )
2OO RET OFT
210 cls
2II ¡¡IPUT I'I}IPUI PIPE NTIìIDE8 (1,3,OR 4)'';PN
2I2 TF PN=I OR PN=A THEN ¡,F=.05i RUH PIPES I & 4.{]RFLOI{ ,05 N'3/S
213 lF PN=3 THEN,{8=.1: aEH PIPE 3 AIRTLOH .l E^3/s
214 CLS
220 INPUT nINPUT SÎÄ¡ÍINC FILE ììuìlBER";ST^RT
230 PRINT
240 INPUÎ "INPUT IAST FILB NutBERf iL¡.Sf
250 cls
260 FoR X: SÍÁRT TO L^ST
2?0 IF x<10 THBN FtLE2a="Tc,,+ÌrrD3 (siÉl(iN), 2 )+"0,'+xr¡S (srBt (X), z )280 ¡E X(10 THEN FrLEi=,'D"+HrDS(SîRi(pH)¡2)+,'00"irrDa(slRi(i);i)! colo 310
290 Fr¿82¡ ="TC',rt,trDr ( slRS ( pN ),2 )+HID3 ( SlBt (X ) ,2 )
300 FILEa:,'D"+¡rrDg (srRs (pN), z)+,'0,'+HrDr(srRi (x), 2 )
310 oPEN "R", $1, "C: ù+FrLE¡ +". pB}l",88
320 rrELD ål,l 

^S 
Qt(l),10 AS DirS,l ¡{S e6(2),r Às e¡(3),8 

^s 
îrt,1 Âs ei(4),40

AS Drrlorri,S As sENt(6),8 As sENa(?),8 AS SENS(8),r 
^s 

BEîr,1 As LFS
330 oPEN "R",12, "c: " +FILE2¡ + r'. PRN'r, ?2
340 FIaLD f2,1 ÂS e¡(1),10 AS DÎEt,1 

^S 
Qt(z),1 AS eS(3),8 AS THEa,1 As qS(4),

4 
^S 

DUltS(l),8 AS ÎEHpg,4 AS Dullt(2),8 AS OUlîEÌtp!,4 
^S 

Dt¡{i(3),8 AS DQS,{ 
^s 

Dtrüt(4),8 ¡.s ptpEs,l As nEli, I 
^S 

LFI
350 cET {1,1
360 REc = VAL(DA$ )
3?0 cosuB ?000
380FORI=2TOREC
390 LOCAÎB 12,6tpRrN1 "COIíPUTER PROCRÄM IN PROCRESS"
400 LoCATE 25,10i pRrNT "88coRD t',;I," FILE:";FILEa+".pRN"
410 cEl f l,I
¿20 rÀ=(vAL(sENt(?))+v¡.L(sENt(B) ) )/z
{30 cosuB 5000
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440 COSUE 5200
450 1( 0 ) =1Á: T(4)=v^L(SENt(6))
460 CoSUB 5400
{?0 cosuB 5800
480 cosu8 8000
490 NEXT I
500 clos8 ft: closB *2
510 NEXT X
520 closE
530 cls
540 LOCATE 12,2?t pRtNl "COMPUÌER pROCRÁ}f FINISHED,'
550 END

5OOO RE}f SUBROUTINE IIHTCH CALCUL¿{TES THE ?EMPER.{IURE OF THE HALIIIÀYs AìlD THE
A1îIC. IT TS AN ITERAT¡VE PROCESS DEPENDINC ON CONSECUTIVE VALU¿S,

5 010 Y= 1
5020 tíT3(Y) : ((1(1)*^rE(1)rT(2)r^tç(2))*urFrTA*Alt(3)*uH)/((Arll(I)+ArH(2))*UtËÌ

'{H 
( 3 )iUü )

5030 KÎÂTÎ(Y) = ((T(1)'AC(r)+I(2)*^c(2)+KT3(Y)'Ac(3))xuc+rA*(^R*UR+Ac*Uc))/(Ucx
(^c( l)+^c(2 )+Âc(3) )+ARrun{Àc*uc)

5040 Z=2
5050 l(T3(z) = ((1(l)rÀrtr(r)r1(2)*ArH(2))*urH+T^*,{H(3)*UvrXlAlT(Z-1)*^C(3)*UC)/((

^IH( 
1 )+^IN(2 ) )xulH+^H(3 )*UHr^c(3 )¡ruc)

5060 ¡l1AT1(Z): ((1(r)r^c(1)+1(2)',{c(2)+K13(z)*Âc(3))*Uc+TÄ:r(AR*URr^c}Uc))/(Uc*
(^c( 1 ) +^c( 2 ) +AC(3) ) +Ä8*UR}AG*UC)

50?0 Y=z
5080 IP 

^BS(R13(Z)-K13(Z-1) 
) <. 0r AltD ABS(KT^TÎ(Z)-KTAÎÎ(Z-t) )<. O1 lHEN co10 51oO

5090 Z:ZlIt cOlO 5050
510 0 1(3)=X13(z): TAT:KÎ^rî(z)
5110 REltrRX
52OO NEH SUBROUTINE HHICH CALCULATES lHE HEAÎ BALANCE OF THE BUILDING IIITHOUT

VENTILTlION
5210PoRJ=1T03
5Z2O S1(J)=AH(J)xur*(î(J)-Tå)
s230 Q2(J)=.arH(J)r,urH'.(1(J)-T(3))
5240 a2(3)=(ÀrH(!)r(T(3)-T(r))+^rl{(2)*(1(3)-T(2))),runl
5250 a3(J)=,lC(J)¡(Uc*(T(J)-TAT)
5260 e4(J):uFL*p(J)*(T(J)-1A)
5270 Q5(J)=NÄ(J)xSHE^T(J)
5280 Q5 ( 1):qS ( I ) +N^( 1)*250
52s0 q6(J)=e5(J)-(eÌ(J)+Q2(J)+e3(J)ie4(J))
5300 NEXÎ J
5310 RETURN
5{OO REIÍ SUEROUTINE I{HICI{ CALCULATES THE PSYCHROMEîRIC PROPERTIES OF THE MODELED

CONÎROL YOLIn{ES, AHBI ENl , PÀRROHI NC } NURS ERY , HALLHAYS , ÁND PIPE OUTLET.
5410 Pon J=0 10 4
5420 T:1(J)+2?3
5430 rF 1(2?3 THEN C0T0 5630
5440 Ps= 89.63-?512/T+.024¡.1-1.1658-05*T-2-1.281E-08*T"3+2.lE-lt¡*T-4

- 12 . 15,rLOC ( 1)
5450 PS(J):EXP(PS)
5460 NEXÎ J
5{?0 8oR J=0 f0 2
5480 PH(J):RH(J):rPs(J)
5490 H(J)=,622'((pR(J),'(pÀ-pH(J)))
55OO NEXT J
5sr0 H(3)rH(0)r tr({ )=H(0)
5520 Pl{(3):PH(0)! RH(3)=Pï(3)/Ps(3)
5530 PH(4):PP(0) ! RH(4)=Ptl(4)/Ps(4)
5540 FOR J=0 To 4
5550 HS ( J ) = 1.01' (1( J ) -0 )5560 HL( J ) =rl(J ),r ( 2501] 1.78x ( T (J ) -0 ) t55?0 Hr(J):Hs(J)+HL(J)
5580 REM ENTHALPY VALUES V¡ILID POR -50<1)IIO CELSIUS
55S0 svol(J):(.28?x(T(J)+273))/(pÄ-pH(J))
5600 DEN(J)=(I+H(J))/sVoL(J)
5610 ¡rExl J
5620 REîURN
5630 Ps = 24.28-6238/T-.34 44*Loc ( T )
5640 co10 s{50
58OO REì.I SUBROUTINE HHICH CÂLCULAîES ÎTIE VENTILATION RÀTES 8OR THE BUILDING.

FARROHING,NURSERY, AND ÎOÎAL.
5810 REII CALCULAÎION OF VENT AS À FUNCÎION OF L,C,TENT HEAÎ
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5820 r0B J =1 T0 2

5830 DL,{T(J)=HL(J)-HL(3)
5840 VL^Î(J):(LHEAÎ(J)*Nrr(J)13.6)/(DL¡.Î(J)*D¿H(3))
5850 s?(J)=e6(r)-((Hs(J)-Hs(3))*(LHs^r(J)*NA(J)/DL,{Î(J)))
5860 NEXT J
58?0 VL^T.vL^T( I )+VLAT(2 )
5880 e?(3)=0
5890 REH HÄSS PLOH OF IHE VENTIL IION AIR tN kg/s.
5 900 HFLoH: ( LHE^T ( r ) *N^( r ) / ( DLIT ( 1 ) * IOO0 ) ) + ( LHEAT ( 2 )'in,t( Z ) / ( ¡ur ( Z ) * rOOO ) )5910 REM HEAT EXIR,{CIED BY THE SYSîEII IN KH.
5930 BEM

HI.I}'IIDIlY CONTROL
5940 PIPBs:(HPLoH/DEN(4 ) )/^p
5941 IF (PIPES-lNT(PIPES)) r .5 THEN prNc = t ¿LsE prNC = O
5942 PIPES = IXl(PIPES) + PINC
5950 REM Î¡IE IIEAT LOST BY TTIE SYSÎEH DUE 10 THE ADDITION Or

NI'}IB¿R OP PIPES R¿QUIR¿D îO DELIV¿R TH8 VENTILATION NEEDS PON

VENTI LAlION AIR.
5960 q8:MrLoH*(Hs(4)-Hs(3) )*1000
59?O RBH rNSîÀNÎATEOUS HEAî BALANCE OT TH¿ SYSTEII
s980 De=e?(1)+e7(2)+88
5990 REH THE CHAì{CE IN ENERCY IIIÎHIN THE BUFFER ZONE (H,{LLI,IÁYS).
6000 M.Âss3:Ac(3):|DEN(3)¡r2.5: REM kg
6010 vKJ=HFLoI*HS(4)i 10800r RE¡r kJ
6020 vxJ3=MÁss3*HS ( 3 )
6030 sMIx=(vKJivKJ3)/(HFLofi*10800+MÄss3)! nEM kJ/kg
6040 NEHT3=s¡lIX/1.01¡ REtt C

6050 rF ¡t¡s(NEçT3-1(3))<t THEN REîURN
6060 I(3):NEH13
6070 lAr = ((Ì(r)*^c(1)+f(2)r,^c(2)+NEÏT3*¡.C(3))*UC+1^¡((.{R*UR+^C+UC))/(UC*

(Àc( I )+Äc(2 )+¡.c( 3) ) +^R*u8rAC*UC)
6080 RETUnN 440
TOOO REIT SUEROUTINE RHICH PON.üAîS lHE îIIO ITEADINC LINES rOR lHE FILE
7O1O LsEl DTE3=sTRs(nEc+2)I LSET lME$:FILEzI: LsEl TEHPT:¡,PIPE I,.+HIDT(sÌRt(PN),

2) | LsEf oullEIpa=""! LSET Dq¡:,','¡ LSET plpra=',"
?020 toR c=1 To 4i LsEl Ql(C):CHRS(34)tNEXÎ C
?030 LsBT RETI=CHRS(13) ! LsEr Lrt=cltRa(10)
?040 loR v.1 lO 4: LSET Dtüt(v)=" "! NzXt v
7050 PUl å2,I
?051 LSET DTE$:" D^lErt LSET îHES=,' ÎIHE". LSET TEHpt:",${B,TEMP"i LSET

OUTIEI'PI:IIOUÎ.ÎEHP'.: LSEÎ Dq6:', HEAT''i LSET PIPEs=''} PIPEs.'
7052 PUT l2,Z
?060 tsEl DlEt=r ". LSEî THEa=" "' tttt 

"t"t,=,, 
(c)": LSET OUTTE¡tpg ." (C)":

LSET Dql=rrB^L^NCE": lS¡t pIp¡i=" ,'

70?0 PUT 92,3
?08O RETURN
SOOO REH SUBROUTINE IIHICH PUTS lHE CALCULAîED VALUES ONîO DISK
8010 LsET DrEt=D.rs
8020 LSET THES:Tla
8030 LsBr TEMPS:sTR¡(T(0) )
8040 L5ET oUTTEHPS=sTRt(T(4) )
8050 LSET De3:SlRt(Da)
8060 LSET PIPE$ =sTR$ ( PIPEs )
80?0 roR c=1 10 {i LSET eS(c):CHRi(34)rNBxr c
8080 LsBÌ nElJ=CHn$(13)r LSEÎ LF$:CHR$(10)
8090 poR v:l 10 4l LSET Dtnf3(V)=" "t NEXT V
8100 PUT t2, r+2
81IO BEîURN
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I ¡E¡r Ìrrft,foD2, B^s ÍnIIltN¡ ITBRUARy 21, 1g8?2 ß8H lltls pROCR.rl S¡uUl,âÎES rHE ¡,IODEL SIRUCII'RE ïIî8om AIA ¡ñpB8mC. 1H8
OEJICT TO DEIERI,IINE lHI .$|OI'IIT OF HEAÎ TTCESSâ"BY U{DE8 îTIB GIYBII OPTS-T {C Co¡{Drttot{s roB 

^ 
coNvExTIoN^L sysTB¡t.

3 N8í îHIS PROGBâH BEÁIS DAlÂ ¡ROlf PNEPÄAID DAlÂ FILBS D?OO?,P!II ÈAOü Ä HA.BDDrs8, rr c¡E^ÎBs NEr FILES 1C^00?.pBI, ÂLSO SÎORBD Oìt 1lt8 nABD DISK.4 8Eí lHB PRoCB.{ll nEQUIBES NO THPUTS FRO¡| tHE USB¡, BUT înr SUDDTBBCIOBy
CONÎAININC IHE îEHPER^TURE DÀTÄ I{USÌ 8E ÁCCESSBD EEPORE OPBEAîIOI¿ OF THE
P80C8^H, lHE PROCRÁH SU S OH CII¡ASIC,

6 nBH TH8 pBOcB.ÀH ASSTHES 1H^1 THE HE^Î B^LÀ¡|CE BB1lt88[ lHA PABROI{I}|C, ¡IUASERY,
A}ID HTLLS EqUILIBRIAIES IIITfi TIHB. ÎIIIS HEÄî BAI¡.Ì{C8 ìJILL IHDTCÂÎ; EIÎIIBR
lHE NEED !0R SupptßH¡NI^L XtÂÎ, OR TBllpEB^TttÊ8 coxlaol.

? n8x luB paocB.aH ouTpuT co¡{srsls o! åüBIENT ÎlHpBRåîttBB, TllE H!Ât BÁITWCE (}r),
lHE UÂSS SLOI RÄ18, lìtD THE VENlILÄtIOx 8.A18 ¡|ECESS^¡Y pOA HOtSluEE
colllnoL.

I REH ÎHERB IS HO ÀCCOIì{ÎINC ÊOR TB}tpER TUBB CONIROL VE t¡¡rtltolt BUILT IIITO TH¡S
PROCB.A},I. lHB HBÂî BAL,1¡IC8 

^LONE 
I{OULD INDICAÎB IHB NBED POR FTIRTTEB

VßNTILATION.
l0 [E]t PRoCRl]t CO]tSlArÍS
2() NBH AXEÂS
30 ¡¡=682. 9t 

^c=?5r.ac(0)=648!,{c(t 
):3?2.{: Ác(2):151, 2: Ac(i)=119.{

!9 ¡çt r )= rre' Är{(z):tos r 
^H(3 

):so r .{Il{( t)itrB! .rrï(2 ):los r 
-riwta).¿zg

50 8Eu oUîsIDB ELooE PEBII.I8Î8BS
60 P( 1) =4?,2: P(2)={9.2: p(3)=20
?O ßEH HEÀÎ TR¡.NST{ISSION CO8?FIC¡8}¿îS
80 uc:,286t W=uc: ttR=2.94r uc:4.01r UFL:,?14t u t:l,?¿
90 BBII RE¡,¡TTIVE HI,'HIDIIIES ¡IìID ¡NtlIiIL 1E}IPßR.{IURES
100 8H(r)=, ?5r BH(¿)=.?sr Bß(0):.95
110 1( 1) =2t | 1(2)=2?
120 88H SBHSIEf,ß AìID LÀîENT HEAÎ PRODUCIIO}I Or ÀTI}'ALS
130 tlÀ(1)=60 | tr^(2):510! N^(s)=o
140 sHE,{t ( 1) =246 | SHBÀ!(2):41.?r SHEAÎ(3)=0
150 LflE 1(t)=39{I t¡tE^T(2):54,3: LUB^T(3):O
160 8EH ltSC. VARTAELES
1?0 P^= 101.325 ! Dl3=0
180 DrH K13(20t
190 DrH tî^TT(20)
200 xrY ort
210 cf,s
2?0 ¡XPUI "INpUr S¡¡.BrINc FrLE NU¡|BERi' ; SIÁ.RI
230 Patñt
240 rPUl "Ilrpul L^ST FILE $UHB8A";LÀSÎ
250 cls
260 ¡oB X: sT^.at 10 L^sT
2?0 t¡ x<10 ÎHßt{ pIL82l="1CÂ{0'rrHIDl(SlBt(X),2)
280 ¡P X<t0 tH¡ì rILEI=,'D{00".Ur03(STRI(r),2)r G01o 310
290 tILB2J=¡tcÄ{¡'+üIDt ( STRS(X), ? )
300 tILEI='rD{0,'+HrDt ( stBr (x),2 )
3¡0 oPBìl '|rB,',lt, ',C ¡ ¡'ìrILE¡+,'. pnN",88
320 srBLD tl,l AS q3(1),r0 

^s 
DAt,t ÂS Qt(2),t 

^s 
Ql(3),8 AS rr3¡1 AS qt(4),48 As Du y¡,I Às s!ìtt(?),8 Às st¡{a(8)¡1 Às 88îl,l 

^s 
Lr¡

c | ¡, +PILE23+n. PaN" , ?2
3{0 ¡r8LD t2,l 

^S 
a¡(1),10 As DrEt,l 

^s 
e3(2),1 As e3(3)¡S Às 1}r8¡¡l Às at(4),{ AS DU I(I),8 

^S 
TB}{pl,{ ÄS DrJ}ft(z),8 AS Dqt,{ 

^s 
DuH3(3),8 

^S 
HrIOHt;

4 AS Dtua({)¡8 
^s 

vl.{r5,1 
^s 

8E1l¡ 
', 

AS LFI
350 cBt tl, ¡
360 BBC : v^L(DAa )
370 cosuB ?000
380PoBI=21088C
390 LocAl8 12,ôtPBINT "coHpUTER pRocRÂí llt PROCRESST
400 Loc,tÎE 25,10t PRINÍ,'SEcoRD a 'I," rILBr,';prr,Ba+",pRìtntllo CBI f l,I
{20 Îa=(vÀL(sEÍt(?))+vÁt(sENt(8) ))/2
,130 cosUB 5000
{{0 cosuD 5¿00
{50 r(0) =ra
{60 cosuB 5400
4?0 cosuD 5800
480 cosuE 8000
490 xExr ¡
500 cl,os8 tlr closE 12
510 ¡{rxî x
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520 CLOS¿
530 cls
540 LOCÀ18 12,2?t PRIHl ,'COHPUTUR PROcnáH pINISHED"
550 END
5OOO RE},f SUBROUÎINE IIH¡CH CÁLCULAî¿S THE ?EHPZRAIURB OF THE HALLHATS AND THE

AlTIC. IT IS,TN ¡TËRAÎIVE PROCE5S DEPENDINC ON CONSECUÎIVE VALUES.
50I0 Y= I
5020 KT3(Y) : ((1(1)*AIP(1).T(2)x^19(2))*UIH+TA¡i^H(3)¡uÏ)/((ÂIH(1)r^IH(2))*U ,t+

AÏ(3)*uìi)
5030 KÎ^Tî(Y) = ((1(1)r^c(1)+1(2)*^c(2)+KT3(Y)*Àc(3))*Ucì1^.(/rR*UR+Ac*uG))/(uc¡

(AC( I )+,{C(2 )+ÀC(3 ) ) TARTUR+^C'UC )
5040 z=2
5050 XT3(z): ((T(1).^lH(I)+T(2)*AItl(2))rUIH+1^*^H(3)rux{KTATT(z-1)*^c(3)*Uc)/((

AIH( 1 ).^lç(2 ) )*UIH+hH(3)*uH+^c( 3 )¡ruc)
5060 KTATT(z) : ((1(1)'Äc(1)+T(2)*^c(2)+KT3(z)*Ac(3))*uc+TA'(AR*URrAc+Uc))/(Uc*

(^c( I )ìÀc(2 )+AC(3) )+AR*rm+¡{c*uc)
50?0 Y=z
5080 IF.r,BS(X13(Z)-X13(Z-1))<.0I AND ABs0{T^11(Z)-XÎI.TT(Z-l))<.01 THEN COTO 5100
5090 Z:Z+11 C01O 5050
5100 Ì(3 ) =KT3(z) I 141=X1^11(z)
5110 REÎURN
52OO REH SUBROUTINE IIHICH C.{LCULÂÎZS THE HEÀT BALA}TCE OT lHE BUTLDING IIITHOUT

VENTIL¡I,lIOII
5210FoRJ=1T03
5220 Q¡ ( J ):ÀH(J )',uH*( 1( J ) -1Á )
5230 Q2 ( J ):ArH( J )*uI\r* (r(J )-1( 3 ) )
5240 Q2(3)=(AIH(1)*(r(3)-r(1))+AIH(2)*(r(3)-r(2)))*urH
s250 e3(J)=¡'c(J)*Uc*(T(J)-r^1)
s260 a4(J):urL*P(J)'(1(J)-rA)
3210 Q5(J):llA(J)*sHE^Î(J)
5280 Q5 ( 1) =Q5 ( 1) +NA ( 1) *250
5290 e6(J)=e5(J)-(e1(J)+Q2(J)+a3(J)+a4(J))
5300 NEXÎ J
5310 REîURN
54OO RE}I SUBROUîINE I{HICH CALCULÄÎES THE PSYCHROHEÎRTC PNOPENTIES OF THB MODELED

coNlnol volt}fEs. AltB I u Nî , FARBOH I NC I NUnSEBY , HALLIiÀYS , AND pIpE OUTL¡T.
5410 FoR J=0 To 3
5420 1=T(J){2?3
5430 I¡ 1<2?3 ÎHEN C0T0 5630
5440 PS= 89,63-?512/1+.024:ßT-1.165E-05*1^2-1,2818-08:*T^3+2.1E-llxT'4

-12.lsxloc(T)
5450 Fs(J)=ExP(Ps)
5460 NEXT J
54?0 8oR J=0 10 2

5480 PH(J):nH(J)*Ps(J)
s4e0 H(J):.622,i(PH(J)/(P^-P$(J)))
5500 NEXÎ J
ss 10 H(3)=H(0)
5520 PH(3)=Pç(0): RH(3)=PH(3)/Ps(3)
5540 ron J=0 To 3
55s 0 Hs ( J ):1.01* (r ( J ) -0 )
5560 lll(J):H(J)¡r(2s01+1.?8*(r(J)-0)) ;

55?0 Hl(J)=HS(J)+Rt(J)
5580 REH ENTHALPY VÂLUES VALID TOR -50<T)t1O CELS¡US
5590 SVOL(J)=(,28?:f(1(J)+2?3))/(PÂ-pH(J))
5600 DEN(J)=(l+l{(J))/SvoL(J)
56t0 NEXÎ J
5620 REÎURN
5630 Ps=24. 28-6238/1-. 34{4rloc(1)
5640 COTO 5450
58OO RET' SUBROUÎIHE HHICII CALCULÁTES THE VENTIIÄÎION RâTES FOR TH8 BUILDING.

FARROHINC , NUAS BRY, AIID TOÎAL,
5810 REH CALCULATION OF VBNT AS A FUNCTIOH OF I"A,ÎENT HEAT
5820 FOR J :1 TO 2
5830 DL.{Î( J ) =HL(J ) -HL( 3 )
5840 VLAT( J )=(LHEAT( J)¡iN^( J )'Ì3. 6 )/ (DL^Î( J)xDEr( 3) )58s0 e? (J)=e6( J)-( (Hs( J )-Hs(3 ) )¡(LHEÂT(J )*N,{( J )/DL,{r(J ) ) )
5860 NEXT J
58?0 vl¡l=VL^?( 1) +VL¡{T( 2 )
5880 e7(3)=0
5890 REH I'ASS FLOH OF lHE VE¡TTILÀTIOH AIR IN Kg/S.
5900 ftFI,oH=(LHE^î(1)*NÂ(r)/(DLAT(r)*1000))+(LHEÁÎ(2)*NÄ(2)¡,(DLAT(2)*r000))
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5950 RETI THU HEAÎ LOSÎ BY THE SYSIZ},I DUE 10 THE ADÐITION OF
VENÎIL,TlI ON AIR,

5960 Q8:HPLOH*(HS(0)-HS(3) )x1000
59?O RET{ INSÎÁNÎANEOUS HEÀT BALâ}IC8 OF THE SYSTEH
5980 DQ:e7(1){Q?(2 )+e8
5990 REM lHE CHiNCE IN ENERCY HIÎHIX THE BUFPZR ZONE (HALLH^YS).
6000 M.ass3=,{c(3)*DEN(3)*2.5: BEM ks
6010 VNJ=ÌíPLoH'HS(0)*10800: REH kJ
6020 vxJ3=H ss3xHs(3): nEH kJ
6030 sHrx= (vRJ rvKJ3 ) / (H¡LOH' 10800+H^SS3 ): REH kJ/kg
6040 NEHI3=sHlx/1.01
6050 IF ABS(NEHT3-T(3))<1 THEN RETURN
6060 T(3)=NEHT3
60?0 1¡.1 = ((1(r)rAC(r)|T(2)*AC(2)+NEHÎ3*^C(3))*Uc+rAx(ÁR*URrÀC*uC))/(UC*

(Ac(l)+Ac(2 )+^c(3) ){^R*uR+^c¡uo)
6080 REÎURN 4{0
?OOO REII SUBROUÎINE HHICH FORHATS THE THO HEADINC LINES POR lHE FILE
?O1O LSET DÎE3=SÎRî(NEC+2): LSEÎ THZI:PILE2S] LS81 TEHPS:''PIPE *4": LSET

DQI="": LSET HFLOHS:'rPRoGR.*f:": LSET vlÂîi:'rHIliü0D2"
?020 POn C=1 TO 4: LSET Qi(C)=CHR'(34)!NEXT C

?030 LSET RETS.cHRi(13) | LsET LPs=cHRi(I0)
?040 FOR V=I 10 4: LSET DUM'(V)=', ,,: NEXT V

7050 PUl {2,1
?051 LSET DIE¡=" D^TE"l LSET THE3='r IIHE": LSET TEHPI="AHB.TEHPI'r LsEr

Dqt=" HEAT": LSET H¡LoH9=" uÁss,': LSET VLAT3=" VENT,,
1052 PU't t2,2
?060 LSEÎ DTEt=r ',. LSEÎ lMEt:'r ", atta tt"t,=,' (c)": LsEl Dqs="BALt¡{cE,,:

LSET HFLOHS=rr kg/s"i LSET VLATS='t !û^3/h"
?070 PUT f2,3
?08O NEÌURII
SOOO RBH SUBROUÎINE I,IHICH PUTS THE CÀLCULAÎÉD VALUES ONTO DISK
8010 LSET DIES!D^t
8020 LSET TH8¡=TIt
8030 LSET TZHPS:slRg(T(0))
8050 LSET DQt=sTRt(DQ)
8055 LSET ¡jrloHt:s¡Rt (HFLoH )
8060 LSET vL.{13 =sTRt (vL^Î)
80?0 Fon c=I TO {i LSET Qt(c)=cHRS(34)¡NEXT c
8080 LSET REl¡=CHRS(13) | LSET LF$:cHnS(10)
8090 FoR v=l 10 4t LsEl DU¡í$(V)=" ": NEXÎ V
8100 PUT 12¡ I+2
8110 RETUBN
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l REM HIHHoD3.B^S I{XIITENi TEBAU^RY 21, 198?
2 REI,I REVISION OF PROCRâ}I HINHODI.BÄS. ÎH1S S¡HULr{TION I.IAS DESIGNED 10 YIELD THE

NI,}IB'R OF LATEMLS ÁND lHE VENÎILAÎION RÂTIS NECESSÄRY FOR EACH SOIL-AIR
CoNcIFURÀÎION. 29 n L^IERILS IIEBE HODELED,

3 RE]I îHIS PROCR.A]I N¿ÀDS DATA PROX PREPI.R8D DAlÀ TILES D*OO*.PNN FNOII A HARD
DISI(. IT CREAîES I¡8H PILES TCB*O?.PNXI ÂLSO SîORED ON lHE IIARD DISK'

4 nuH lHB PRoCn.Atf ASSI}tES TH.{Î TH¿ HEAT B^L¡.NCE BEÎIEEN lHE FIRROHINC, NUnSERY,
Â}lD HÁLLS EqUILIBRI,{TES IIITH TIH8. lHIS HE¡,T EAL.ANCE HILL INDICATE EIÎHER
lHE NEUD 

'OR 
SUPPLEHENTAL H¿ÂT, OR ÎEHP¿RAIURE CONTROL.

5 REH lHE PROGRÂ.I'I OUTPUT CONSISTS OP A}IBIENI AND OUlLEl TEHPER¡,ÎURE, THE HE,{T
B^L¡.NCE (ç), lBE ttÂSS FLOH B¡,TE,ÎHE VENIIL^TION FtTE, AND THE NTHBEA 0F
PIPES }IECESSABY FOR }IOISTIJRE CONTROL.

6 RE}I lHE PBOCR.A.}I REQUINES NO INPUÎS FNOH îHB USERI BUT TH8 SUBDIRECTORY
CONÎA¡NINC îIIE ÎEMPERATURE DAÎA I'USÎ BE ACCESSED BE¡ORE OPER.AIION OÍ lHE
PROCRÁI{.

? RE¡f THZ PROCR.A}I .{SSI'}IES THá1 1H8 HEAT BAL,A}ICE BETHEEN THB TARROHINC, NURSERY,
.{}ID HTLLS EqUTLIBRIÄÎES HITH TIHE. TH!S HEAT BÀL.â.NCE HILL INDIC.{TE EIÎHER
lHE NEED FOR SUPPLEHENîAL HEAT, OR ÎEMPERâÎURE CONÎNOL.

8 REH lHE PROCnáI,Í OUTPUÎ CONS]STS OF A}IBIENI AND OUTIET TEHPERÀîUNE, THE HEAî
SALANCE (1I), THE H,{SS TLOH RÁTE,THE VENTILAÎION RåTE, AND THE NÙÍBER OF
PIPES NECESSABY POB MOISIURE CONTROL,

9 RE}I T¡IERE ¡S NO ÀCCOUNTI¡IC TOR TEHPEn.ATUTE CONÎROL VENIIL,ATION BUII.T ¡NÎO THIS
PROCRâI{. lHE HEÄÎ BALÀNCE ALONE IIOULD IND¡CAÎE lHB NEZD FOR FUÌÎHER
VETIT¡LI,TION.

10 RE¡I PBOCn.Â}{ COHSÎA}ITS
20 RE}I AREAS
30 

^R=682. 
9r 

^c:?5 
r^c(0):6{8r Ac(l)=3??,4 | Äc(2)=151.2 | Ac(3)=1r9.4

40 Alr(1)=118r ÄH(2)=105: Ä$(3)=50r 
^IH(1):r18i 

¡rrH(2):105: ArH(3)=223
50 REII OUîSID¡ TLOOB PERIMEÎERS
60 P(t)=47,2r P(2)={9.2: P(3)=20
?O REH HEAÎ ÎBÀNSHISSION COEFFICIENÎS
80 uc=.286r uH=uci uR=2.9{i Uc:4.01: utl=.714t urH=L72
90 REM RELÀîIVB HU}ÍIDIl¡ES A.IID INIII',L î8MPERâTURES
100 RH(l)=,?5r BB(2):,?5: Rft(0)=.95
110 1( 1):21r 1(2)=2?
120 REM SENSTBLE AND LÀÎENT HEAÎ PRODUCTION OF ANIHALS
130 NA(1) =60: ¡{Â(2)=510: NA(3)=0
t40 sHE^Î( 1) :248 : SHEAÎ(2 ) =41, ? I SHE,{I(3) =0t50 LHEÂT( l)=39{ ¡ LHEAÎ(2)=54.3r LHE,{î(3)'0
160 REH r.f SC. VÀnI^BLBS
1?0 Prr= 101.325: DT3=0
180 Drlr xT3(20)
190 DrH xlAlf ( 20 )
2OO BEY OFP
210 CLS
211 INPUT "rNpUT prpB NUMBEß (1,3,O8 4)"¡pN
2I.2 IF PN=I OR P}{=4 THEN AF=.05I REH PIPES I. ¿ 4 A¡R FLOH .q5 ¡!'3lS
213 ¡P PN =3 TBEN AF=.1¡ REìf PIPE 3 AIRFLOH .1N'3/S
214 CLS
220 rNPUT "INpUl STátlrNC E¡LE ¡{lJ}fBER"; ST.{RT
230 PnINI
2{O INPUî "INPUÎ L]{ST FILE NI'H8ER";L.T,ST
250 cls
260 FOR X= START T0 LrrST
2?0 rF x< 10 THEH FTLE2S=trÌCB"+HrDl(SrR¡ (PN), 2 )+"0"+Ìf rDi (SlRg (X), 2 )
280 rF x(10 IHEI{ RtL¿l:"D"+HrD¡(STR¡(pN),2)+',00"+]rrD$(srRt(X),2)r Colo 310
290 PtLEzt: "TCB"{rrDt ( STAi ( PN ),2 ) +}lrDi ( SlR$ (X ) ,2 )
300 FrLEt=',D"+ÌrrDi ( sTRi (PN), 2 )+"0"+ÌtrD$( srR¡ (x), 2 )
310 OpEN,,R,',ål¡',C: +FILES+,,,pRN",g8
320 FrELD fl,1 ,{s e¡(1),10 AS DAS,1 AS ea(2),1ÂS Qt(3),8 As Tri,t AS Ql(4),40,{
s Drrlr}{Yt,8 As s8N$(6),8 

^s 
sENs(?),8 

^s 
sEN$(8),I Às RETI¡1 AS LFi

330 oPElr "R,',12, rc:,, + FILE23 + ". PRN't,96
340 FrEr,D {2,r,{S e$(r),r0.{s DlEt,l Ás a$(2),r As a¡(3),8 As rt1Ei,1 Às Qs(4),{
Äs DUHi(1),8 

^S 
TEHPS,4 AS Dnlfs(2),8 ÁS oufîEr.rps,4 

^S 
Dr.rM3(3),8 As DQt(l),{ 

^S 
D

ur3(4),8 Âs MFLORT(1),4 /lS Drr¡rt(5),8 AS VL.{ît(I),4 AS DUtr$(ô),8 AS ptpEt,l As RE
TS, 1 AS LrS
350 CET å1,1
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360 RUC = v^L(DÀ3)
3?0 cosuB 7000
3SOPORI=2TOREC
390 LOC^îE 12,6rPR¡NT "CoHPUTER PROCR^M lN PROCRESS"
4OO LOCAIE 25,I0¡ PRINT "FECORD å";I,'' FILEI";¡TLE¡+I"PRN''
410 CEl È1,t
{20 1A=(VÀL(SEN3( 7) )rvAL(sEN¡(8) ) )/2
{30 cosuB 5000
440 COSUB 5200
450 T(0)=1,{: T(4)=vÂL(sEN3(6))
460 CoSUB 5400
4?0 cosuB 5800
480 c0su8 8000
490 NEXT ¡
500 cLosE tti closE Ë2
510 NEXT X
520 cl,osE
530 cl,s
540 LOCÄTE 12,2?: PRINT "COÌ1PUTER PROCR ìt SlliISHED',l
550 END
5OOO REH SUBROUîINE HHICH CALCULAÎES THE TEI{PPR¿.TURß OF THE HALLI,I.{YS AND THE

ÀTTIC. I1 IS ÀN IÎENAîIVE PROCESS DEPENDIIIG ON CONSECUTIVE VALUES,
5 010 Y= I
5020 KÎ3(Y): ((1(1)*^rH(1)iT(2)*AIï(2))rUIH+TÄ*^H(3)*rrH)/((ArH(1)+^ru(2))'UIt+

^H( 
3 )*ur )

5030 xÎÂÎT(Y) : ((T(1)*Ac(1)+T(2)'¡^C(2)+KT3(Y)*ÁC(3))*UC+1A*(AB*UR+AG*UG))/(UC*
(,ic( l)+Ac(2 )+,lc(3 ) )rARxuRrAG¡UG)

5040 z=2
5050 K13(Z) : ((1(1)*ArW(1)+T(2)rÁIH(2))LUr$+TÂ*AH(3)*rJl{+KîATÎ(Z-1)*ÀC(3)*UC)/((

AIH( I ) +^Il'l ( 2 ) ) r'UIH+AH( 3 )xUH+Âc ( 3 )xuc )
5060 KTÂÎî(Z) = ((T(t)*^C(1)+T(2)*AC(2)rt(13(Z)¡(^C(3))*UC+rA*(^R*UR+.{CluC))/(UCx

(Äc( 1 )+,{c( 2)}¿rc( 3 ) )+ÂB¡uR+Àc*uc }
50?0 Y=z
5080 rF ABS(¡(f 3( Z)-K13(Z-1) ) <, 0I ÀND ÄBS0(T?rlT(Z)-KTAîT( Z-1 ) ) <. 01 THEN COTO 5r00
5090 Z=Z+1i C01O 5050
5I00 T(3)=KT3(z) ! lÄl:KTATT(z)
5110 RETUNN
52OO REI' SUEROU?INE HHICH CALCULATES THE HEÄT BALÁNCE OF lHE BUILDINC HITHOUî

VENIILAlIOX
5210FoRJ=11o3
5220 e1( J ) =âH(J ) xrrH* (1( J ) -1A )
5230 Q2 (J ):ÂrH(J )r.UrH* ( r (J ) -r( 3 ) )
5240 e2(3)=(.l,IH(r)*(r(3)-1(1))+AIH(2)*(1(3)-r(2)))xuIH
52s0 e3 (J ) =Àc(J )*Ucx (T (J ) -rÂT )
5260 Q4(J)=UFLiP(J)x(1(J)-14)
5270 Q5 (J ) =N^( J )*sHEÀÎ(J )
5280 a5 ( r ).es ( 1) +N^( 1) *250
s290 a6(J)=e5(J)-(e1(J)fQ2(J)+Q3(J)+Q4(J))
53OO NEXT J
5 310 RETURN
5{OO REH SUBROUTINE HHICH CAICULÀîES TH8 PSTCHNOHETRIC PROPERTIES OF lHE IIODELED

CONTNOL VOLT'H8S, A.UBIENT, FANROH¡}IC INURSERY 'HALLIIATS,ÀND PIPB OUTLET'
5410 808 J=0 To 4
5420 1=1(J)+2?3
5{30 rF T<2?3 ÎHEN C010 5630
5440 Ps= 89,63-7512/r+.024*1-1. 1ô5E-05*T-2-l.28lE-08xr'3r2.18-r1*1-4

-12.15*LOC(T)
5450 Ps(J)=ExP(Ps)
5460 X¿Xî J
54?0 rOB J=0 TO 2

5480 PH(J):RH(J)rPs(J)
5490 H(J):.622x(PR(J)/(PA-P}|(J)))
55 OO NEXT J
5510 H(3)=lt(0): H(4)=Il(0)
5520 PH(3):Pll(0): RH(3)=PN(3)/Ps(3)
5530 Ptr(4)=PH(0) | RH(4)=Plr(4)/Ps(4)
5540 FOR J=0 To 4
5550 Hs (J ) = 1,orx ( r ( J ) -0 )
5560 HL ( J ) =H( J )* ( 25 01+ L ?8*( 1( J ) -0 ) )
5570 HT( J ) =HS ( J ) +HL( J )
5580 REH ENÎHALPY VÄLUES VALID POR -50<T>1IO CELSIUS
5590 svol,(J)=(.287*(1(J)+2?3))/(P,{-PH(J})
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5600 D¿N(J):(1'lP(J))/svol(J)
5610 N8X1 J
5620 RETURN
5630 pS=24. 28-6238/I-. 3444rLOC(1)
5640 COTo 5450
58OO REH SUEROUÎIN¿ WHICH CALCULÁÎES lHE VENÎILÀÎION N.{TES FOR THE BUILDINC,

FARROHINC ¡ NURSERY, AND TOTAL.
5810 REH CA¡,CULATION OF VENÎ AS A SUNCÎIOH OF LÀI¿NÎ HEAÎ
5820 POn J =l 1O 2

5830 DLÀT(J)=HL(J)-HL(3)
5840 vLÀÎ(J):(LHEAÎ(J)*N^(J)*3.6)/(DLÂT(J)*DEN(3))
5850 q7(J)=e6(J)-((Hs(J)-lts(3))'(LHEÁÎ(J)¡NA(J)/DLÂr(J)))
5860 NEXÎ J
5870 YLÄÎ=VLAT ( 1) rvl,lT( 2 )
5880 e?(3)=0
5890 RBM M'ISS FLOH OF lHE VENTIL^IION ¡rIR rN kg/s.
5 900 HPLoH=(LHEAT(r)*NA(l)/(DL{T(1)x1000))+(LHEAT(2)*NA(2)/(DrAr(2)'rO0O))
59IO REM HSAT EXIRACTED BY THE SYSIEM IN KH.
5930 NEü NIJMBER OF PIPES REQUIRED 10 DELIVER THE VE}I1IL,{IION NEEDS FOR

HU}IIDIlY CONTROL
59{0 PIPES=(HFLoÌ/DEN({) )/^F
5941 lF (P¡PEs-Ixî(PlPEs)) > ,5 ÎHEN P¡Nc = 1 ELSB pINc: O
5942 PIPES = INl(PIPES) + PINC
5950 REM lHE HEAT LOST BY lHE STSTE}I DUE TO lHE A¡DITION OP

V8NîII,TlION AIR.
5960 Q8:HPLoU* (HT(4 ) -nT( 3 ) )* 1000
59?0 nEü INSÎÀHîA¡IBOUS HEAT BALANCE OF TIIE SYSîEM
5980 DQ=e?(1)+Q?(2)+Q8
5990 RE¡I lHE CTTÁì{CE IN ENERCY IIITHIN lHE BUFPER ZONE (HALLHAYS).
6000 uá,ss3=Ac(3)*DrN(3)*2.5¡ RElr kt
6 010 vKJ=tlFlotl'Hs(4)*10800: REH kJ
6020 vKJ3=HÀSS33'|HS(3) | REll kJ
6030 sHIX:(VKJ+VKJ3)/(HrLOl{*I0800+Ml,SS3)t REM kJ/kg
60{0 NEHT3=sMIx/l,01
6050 IF ¡,BS(NEl{13-1(3))<1 TH8}r RETURN
6060 1(3):NEtlI3
60?0 Tr,1 . ((¡(1)*AC(I)+T(2)*^C(2)+FEÌ.IT3*AC(3))xUC+1Â*(^R*UR+ÀC+uC))/(UCx

(Ac(I)+Ac(2)+Ac(3 ) ) +AR*UR+Acr(Uc)
6080 nETURN 440
?OOO REH SUBROUTINE TI}IICH FO$ 1S THE lHO HET,DINC LINES TOB THE FILE
?O1O LSET DTEI=STNs(BEC+2)ILSET TME3:FILEzIILSEÎ TEüPi=''PIPE t4I'ILSET OUÎÎEIIP3

="":LSEl DQt(1)=',PRoCn.â}'i":LSEI ¡TFLOH¡(1)="Wrlr}lOD3":LSET VLÂÎt(1)=,,"iLSET
PIP¡S = ",,

?020 FoR c=t 1o 4r LSET Qi(c)=cHRi(34):NEXT c
?030 LSET RETSècHn3(13): LSET LFI:CHn!(t0)
?040 roR V:l 10 6i LSBT Du}la(v)=. "! NBXT v
?050 PUl Í2,1
?051 ISET DTEI=" D418": LSET TllE$: TII,tE,'. LSET TEUPS:,'AxB.TElfp,,t L5ET

OUTTEHPI = "oUT . TEüP', : LSET DQt(1)=,' HEAT"i LSET HFLOTi(l)=,' Hr{SS,'i LSET
VL.{Î$(1)=" VBNÎ."¡ LSEI PIPEa="f P¡PESI

7052 PUl å2,2
7060 LSEI DlEt=" ". LSET 1A3:¡'"i LSUÎ lEr.tp¡:'r (C)"r tsET oull8ups =,r (c)"1

[sEî DQ$(1):,,B.{LÀ}TCE" TLSET tfpl,oH¡(1)=', ks/s,' : LsEl VL^13(l)=', b^3/h" rLsErptpEt:,,,l
7070 PUT t2,3
?O8O REÎUR.lt
SOOO BEH SUBROUÎINE HHICH PUÎS lHB CALCUL¡,TED VALUES ONTO DISK
80I0 LSET DTES=D^3
8020 LSEÎ lllES=TIl
8030 LSET l8tlPs=sTR3(T(0) )
8040 LSEI oUTTEMPS =sTR9 (1( 4 ) )
8050 LSET Deg(r).sTRl(Da)
80s{ LSEI ttFLoHS( l) =SIBS (MFLoH)
8056 I,SET vlÁÎi(I)=sTR$(vLAr)
8060 LsET PrPE6=sIRl ( PI PEs )
8070 FoR c=l To 4r LSET Q3(c)=cHRS(34):NEXT c
8080 LsET RETi=cHBt(13)t LsEr LF¡=cHnS(lO)
8090 FOR v=t 10 6l LSET DUt t(V)=', ,,1 ¡iEXT V
8100 PUT t2,I+?
SIIO RBIUNN
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l REM lJINl.rOD4, BAS HRIÎÎEN: FEBRUÄRY 21, 1988
2 8EH REVISIOìI OP PROCRÄ}{ IIIXIIODI.DAS. THIS SIMULATION IIAS DDSICXED 10 YIZLD THE

NIJTIDER OF L,{ÎER¿,LS ÀND THE VENÎIL.{IION RiTES NECESSARY TOR TACH OT lHE
SOIL-AIR TEHPERINC CONFIGUN¡TIONS. 2O E LÄÎERåLS HERE HoDELED.

5 NEM THIS PROCNAH NEÀDS DAIA TRO¡'I PREPANED DÂTA FILES D*OO'.PNN FROI{ Â HARD
DISX. IT CRBATES NEH FILES TCD*X*.PRN, ÀLSO STORED ON THE HARD DISX,

6 NEH THE PBOGRA}I REQUIR¡S NO INPUTS FSOM lHE UsER, BUT THE SUBDIRECÎORY
CONTAI¡IT}ìC THE ÎEHPER]\TURE DAT¡, IIUST BE ACCESSED B8POR8 OPERÁîION OT THE
PROCRAH. lHE PNOCRA}' OPERAÎES OH CIIBASIC.

? REII THB PROCM}I ASSI'I}IES ÎHAT THE HEÀÎ 8ÀLANCE BEIHEEN lHE PARROHINC, NURSERY,
AND HALLS EqUILIBRIAIES HIîH TIHE, THIS HEAÎ BÁLANCE HILL INDICÂTE EITHER
lHE NEED ¡OR SUPPLEI'8NTÁL HEAT, OR TEIIPBRATURE COI{TROL.

I REM lHE PRoCR^l.l OUlPUl CONSISTS O! A-HBIENI AND OUîLET TE|1PER-ATURE, lHE HEAT
B^L^ì{CE (H), ÄND THE NUHAER 0F PTPES NECESSARY pOR HOISTUnE CONTROL.

9 REIi îHERE IS NO ACCOUNTINC FOR TEMPEEAîURE CO}IIROL VENTILAÎION BUILT INÎO TH¡S
PROGRáX, lHE HEÀî BALANCE ALONE IIOULD INDICAÎE THE NEZD TOR PURTHER
VENTILATION.

10 REH PnOcR^Ì,f CONSl,¡rl{ÎS
20 REH ¡.REAS
30 AR=682. 9: Ac=?5¡^C(0)=648r,{C(1)=37?.4: AC(2)=151, 2: 

^C(3)=119.440 
^H(1)=118: 

ÀIr(2):105 : 
^H(3):50: 

AIH(1)=118r,{lç(2):105 : ArH(3),223
50 RE}T OUTSIDE FLOOR PERIMETENS
60 P(I)=4?.2t P(2)=49.2: P(3)=20
?O BEIT HEÂT TRANSHISS¡ON COEFFICIENîS
80 Uc:.286: uH=Uc: U8=2.94: Uc=4.01r UPL=.?14: UIï=1,?2
90 RE}{ RELÄT¡VE HIJI{IDITIES À}ID INIlIAL TEMPERAîURES
100 RH ( 1) =.75 | nH(2)=,?5r RH(0)=.95
lÌ0 r(1)=21¡ r(2)=2?
I2O REI1 SE}TSIBLE AND LATE}iT HÍAî PRODUCÎION OF ANI¡IâLS
130 N^(1)=60r N¡.(2):510: NA(3):0
140 sHEAl(I)=248r SHEAî(2)=41.?r SHEAî(3)=0
150 LHEAî( l) =39{ ¡ ¿HEAÎ(2)=54.3r LHE,{T(3)=0
160 REH üSC. V¡{RI^BLES
l?0 PÀ= 101.325 | DT3=0
180 DtH r{t3(20)
190 DIÌI KîÀÎT(20 )
2OO ßBY OFF
210 cls
211 INPUÎ ''INPUÎ THE PIPE NUìIBER (I,3,OR 4)'':PN
212 IF PN=l OR PN=4 THEN,C,8:.05i BE¡I PIPES I & 3 AIR¡LOH .05 N^3/S
213 IF PN=3 THEN A8=.II REI,I PIPE 3 AIRFLOH .10 N'3/S
214 CLS
220 INPUÎ fINPUI STÀRîING FII,E NUHAER,'; SIART
230 PRrNl
240 INPUI "INPUT L.¡rST FILE llUllBER"; L-AST
250 CLS
260 FOR X= STI-RT 10 L ST
2?0 lF x<10 THEN FrLEz6:"TCDi'+rrDS(SrRt(p¡l),2)+¡0"+írD5(slRt(X),2)
280 rp x<I0 THE FILES:"D"+MIDI(SlRl(pN),2)r"0"+!frDS(STRi(X),2) ¡ COTO 310
290 ¡ILEz,=',TçD"+MIDI(sTRt(PN),2)+HtDÉ(srBS(X),2)
300 FrLES=r!D" +MÌDS (STnt (pN ) ,2 ) +,'0"+¡rrDi ( S1R3'(X) r 2 )
310 oPEN "R"¡t1,"Cir+rJLEl+".PRN,88
320 FrELD åt,t ÂS eS(l),10 AS DAg,1 .{S ei(z),r AS a3(3),8 AS ltS,l 

^S 
Qt(4),32

Äs Dlrlrlrr$,8 as sENl(s),8 Âs Dt,8 As sENs(7),8 As sEN¡(8),1 As RETi,I As L¡$
330 OPE¡I "R", S2, "C ! " +FILE23 + ". PRN',, ?2
340 FrELD *2,I ÂS Ql(l),10 AS DTEi,t AS e3(2),1 Äs Qa(3),3 As T¡lEs,t AS e$(4),

4 AS DUH$(1),8 As TEüPS,{ ÂS DUHt(2),8 AS OUTrEHpi,4 AS DU$i(3),8 AS DQ$,
4 AS Dnlr¡(4),8 ÂS PrPEl,l ÀS REIS, 1AS LFt

350 CET f r,t
360 nEc = YÀL(DÀ$ )
3?0 cosuB ?000
380FORI=21OREC
390 LOCÀTE l2¡6iPRINT ',COHPUTER PROCRAü IX PRoCRESS"
400 LocATE 25,10i p8rNl "RECORD å'r;I," EtLEi,';pILE5+,'.pRN"
410 cEl È l,I
420 T¡,=(VÀL(SEN$(?) )+v¡l,L(SEN¡(8) ) )/2
430 COSUB 5000
440 COSUE 5200
450 T(0)=rAr T(4)=v,A,L(sENS(5 ) )
460 COSUB 5400
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4?0 cosuB 5800
{80 cosuB 8000
490 NEXT I
500 closE {Ii closE l2
510 HEXT X

520 CLOSE
530 CLS
5{O LOCÀTE 12I2?: PRIÌ{T ',COIIPUTER PROCRA}, PINIsHED''
550 END

5OOO RET,I SUBROUîINE HHICH CALCULATES THE TE¡IPENATURE OF THE HÄLLI{ATS A}lD THE
ÁîTIC. IT IS AN IîERAIIvE PROCESS DEPENDINC ON CO¡ISECUÎIVE VALUES.

5 010 Y=l
5020 KÎ3(Y) = ((1(l)*ArH(l)+T(2)*^IH(2))*Url,lrTA*Al{(3)¡uH)/((¡,r$(t){Arl{(2))*UrH+

^H(3)*w)5030 X1Á.1î(Y): ((1(1)*^c(1)+T(2)*^C(2)rttT3(Y)*,{c(3))*Uc+1^*(.AR*UR+^cxuc))/(Ucx
(Ac( 1 ) rAc( 2 ) +^c(3 ) )i^RxUR+Ac*Uc )

5040 z=2
5050 HT3(z) : ((T(l)*AlH(l)+1(2)*^IH(2))*UIR+'IÂ*^H(3)*U1t+XTÀTT(z-r)x^c(3)*Uc)/((

,qI!¡(I)+AlH(2) )*UIH+AP(3)tu +Ac(3)¡iuc)
5060 |TAIT(Z) : ((1(r)*AC(1)+T(2)iÁC(2)+XT3(Z)xAC(3))*UC+TA*(AR*UR+AC+UC))/(Uc*

(^c( 1 ) rAc( 2 ) +Ac( 3 ) )+ARr'uRf 
^cxuc 

)
50?0 Y.z
5080 It 

^BS(X13(Z)-K13(Z-l))<,0I ^ND 
ABS(XTAîT(Z)-KTAÎÎ(Z-1))<.01 ÎHEN COTO 5r00

5090 Z:Z+l: Co10 5050
5I00 T(3)=xT3(z) I T^T=¡tTATl(z )
51IO BEîURN
52OO REH SUBROUII}iE HHICII CÁ',CULATES lHE HEAÎ BALå]ICE OT THE BUIT-DING HITHOUT

VENlI IAlIO¡I
5210toRJ=1103
5220 e1( J ):^H( J ) *Ur' ( T( J ) -T,{ )
5230 Q2(J):At$(J)*UrH"(1(J)-1(3))
5240 e2(3)=(^rH(1)x(r(3)-1(¡))+^rH(2)x(r(3)-r(2)))*urH
5250 e3(J)=^C(t)*UC*(T(J)-1ÀT)
5260 e4(J)=uFL*P(J)*(1(J)-1.a)
521O Q5(J):NA(J)*SHEAT(J)
5280 e5 ( 1):a5 ( 1)1NA( r )*2s 0
52s0 e6(J)=es(J)-(e1(J)+e2(J)rQ3(J)+Q4(J))
53OO NEXT J
5310 nElURlt
54OO REH SUBROUTINE HHICH CALCULAÎES THE PSYCHROHETRIC PROPERT]ES OF THE MODELED

CONTROL VOLUÌ,ES. ¡lltB ¡ENT , FÀRROR I N0 , NURS ERY, HALLHAYS , AND PIPE OUTLET.
5410 POR J=0 TO {
5420 T=¡(J)+273
5430 rF 1<273 ÎHEN C0T0 5630
5440 Ps: 89.63-?512/1+.024*1-1.t65E-05*T'2-1.281E-08i(T^3+2.tE-lt*T'4

-12. l5iLOC ( 1)
5450 PS(J):EXP(PS)
5460 NEXT J
5{?0 PoR J=0 10 2
5480 PH (J ):RH( J )xPs (J )
5490 H(J)=.62¿'r(pH(J)/(pÂ-pP(J)))
5500 NtxT J
ss10 H(3):ll(0): H(4)=H(0)
5s20 PH(3)=PH(0) | RH(3)=P[(3)/Ps(3)
5530 pH(4)=pH(0)! RH(4)=pH(4)/ps(4)
5540 FoR J=0 T0 4
5550 Hs(J):r.01*(1(J)-0)
5560 HL(J)=ll(J)*(2501+1.?8*(T(J)-0))
55?0 HT(J)=Hs(J)+tl¡,(J)
5580 REII ENIII.I,LPY VALUES VALID FOR -50<T>1IO CELSIUS
5590 svol,(J)=(.28?*(r(J)+2?3))/(p^-pH(J))
5600 DEN(J)=(I+H(J))/svol(J)
5610 NExl J
5620 REllr¡.N
5 630 Ps=2{.28-6238/T-,34{4*Loc( T )
5640 coTo 5450
58OO RE}I SUBROUTINE HHICH C,{LCULÁTES lHE VENTILÀTION R¡.TES TOR lHE EUILDING.

!ÄRNOHING,NUNSERY, ÀND TO1AL,
58IO REII CALCULÅîION OF VENT AS A FUNCTION OF LÂT8NT HEÄT
5820 EOR J =l TO 2
5830 DL.{Î( J ):HL( J ) -HL ( 3 )
5840 vLÀT(J)=(LHEAT(J)xNÂ(J)*3.6)/(DLÁî(J)*DEN(3))

A-12



5850 a?(J) = a6(J)-((Hs(J)-Hs(3))x(LHE^Î(J)*ÌlA(J)/DL¡,î(J)))
5860 NEXI J
58?0 VL^1:VL^T ( 1) I VLAî ( 2 )
5880 a?(3)=0
5890 REM tl sS FLOH oF THE VENTILâTION ÀIR IN kg/s.
5900 IPLoH= ( LHE^l( r )*N^( 1)/ (DLAT( r )*1000) ) r (LHEÂÎ( 2 )¡iNA( 2 )/ ( DLAÎ( 2 )* r000 ) )
5930 REH NIJ}'BER OÍ PTPES REQUIRED TO DELIV¿R THE VENTILATION N¡EDS POR

HIJ},IIDIIY CONTNOL
5940 PIPEs= (HFLoH/DuN(4 ) )/Ar
59{l IF (PlPrS-INÎ(PIPES)) > .5 THEN PINC: l ELSE PINC:0
5942 PIPEs = INl(PIPES) + PINC
5950 REM lHE HEAÎ LOST BY THE SYSTEM DUE 1O THE ÀDDITION OF

VENTII,ATION AIR.
5960 q8:¡tFLoHx(Hs(4 )-Hs(3) ),¡1000
59?O REH INSTANIA}iEOUS HEAT BALANCS O¡ THE SYSTEH
s980 Da=e?(r)+e?(2)+e8
59S0 REM THE CH^NC8 IN ENERCY PIIHIX THE BUFFER ZONE (H.{LLH^yS).
6000 r,Lrss3:Ac(3)*DEN(3)*2.5! RBH kg
60I0 Vt(J:H¡LOF*HS(4)*I0800t REtl kJ
6020 vr(J3.Hrss3xHs(3) ¡ REM kJ
6030 sHrx= (vxJ+vxJ3 )/(HÀss3rÍrl,oll,ÌJ.0800 ): Ruì, kJ/k8
6040 NEIT3=sMIx/1.01
6050 IT ABS(NEHT3.Î(3))(I ÎHEN REÎURN
6060 1(3)=NEH13
60?0 TAT = ((1(1)*¡,C(1)+1(2)*AC(2)+NEHÎ3*AC(3))*UC+1^*(AR*UR+AG+UC))/(Uc*

(,{c( l)+^c( 2)+Âc( 3) )+^R*uR+Âcxuc)
6080 RETURN 440
?OOO REII SUBROUÎINU HHICR PONHÀÎS THE TIIO HEADINC LINES FOR THE FILE
?OIO LSET DlEJ=SIRS(REC+2)I I,SEl T¡f¿'=F¡LE2¡: LSEÎ TEMP¡:III'I LSET OUTTEHPS='''Ii

LSET DQ$='II'i LSET PTPE¡:..'.
?020 FoR c:t To 4r LsEl qt(c)=cHR$(34)¡NEXT c
7030 LSET nETS=cHRt(13)! LSET lF¡=CHRS(10)
?040 FoR v=I 10 4i LSET DUü$(v)=" ": NEXT v
7050 PU¡ 12,t
?05I LSEî DTES='' DAIE": LSEÎ lHEi='' TIHE". I,SET TDMP$:I'AHB,îEHP'': LSEî

OUTÎEüP3="OUI.TEHP''¡ LSEÎ DQt=f HEÁTT: LSET PIPEJ="* PIPES''
70s2 PUl i2,2
7060 lsET DTEI:I rr. LSEî 1ME3=" "i LSEI IEHP'=" (C),'t LSET OUTTEMPS =,' (C),'!

LSET DQI:trBAL¡{NCE
7O?O PUT Ê2,3
7O8O RETUNN
SOOO REì' SUEROUTINE HHICH PU1S lHE CALCULAÎED V¡.LUES ONÎO DISI(
8010 LsBl DTES=DÁ$
8020 LSET Tl{El = 1I i
8030 LsEî TEI{PI=STRS(T(0) )
8040 LSET oUTTEHPS:sTR,(T(4) )
8050 LSEI DO¡:sTRt(De)
8060 LSEI PIPES.STRS ( PIPEs )
80?0 FoR c:!. 1o 4i LsEî qS(c)=cHR$(34):NEXT c
8080 LSET RET$=CHRi(13): LSET LFt=cHRi(10)
8090 FoR v=l To 4¡ lsEl DUH'(V):" "¡ NEXÎ V
8100 PUT *2¡I+2
8I10 RETIIRN
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I NEM HIN}IODs. BAS }ìRITTENi fEBRUARY 2T, 1988
2 REH THE ÞURPOSE OT lHE SI}IULATION IS 10 DETEN.:IIN8 lHE HEAT REQUIEETIENÎ AND

SAVINCS FOR EACH OF THB SOIL-AIR TEHPERING CONFICUR.ATIONS,
3 REM Î¡IE PROCR.A-I,I ALLOHS THE OPERÁîOR TO SPECIFY lHE PIPE f, TH8 PIPE L¿NCÎH,AND

1H8 NUTJEUR OF PIPES IIIîHIN THE SYSIEII. THE SIMULÄTION HILL ¡.LLOH A COHB-
INATION OF TEHPERED AND A.}IBIENT AIA IF ÎHENT IS 1NSUFFICIENT TEHPERED ÂIR.

{ RE¡I THIS PROCNÁ]Í READ5 DÀîA ?ROIÍ PREPARED DATA PILES D:IOOX.PNN FROH A HARD
DISK, :T CREATES NBI{ FILES TCU*OT.PRN, ALSO SîORED ON THE HÁRD DISI(.

5 NEH lHE PROCRA}I REQUIRES ¡¡O INPUÎS FROH lHE USER, BUT lHE SUSDINECTORY
CONTAININC TH¡ TEIIPERAîURE DAîA HUST BE ACCESSED BEFORE OPERÂTION OF lHE
PROCRA}'. lHE PROCRÁH OPERÂÎZS ON CHBASIC,

6 REH lHE PROCR]{}I ASSI'I}IES THAT TTIE HEAT BAL,ANCE BETIIEEN THE F¡.RROIIINC, NURSENY,
AND HALLS ESUILIBRIAT'S HIÎH TIIÍ8, THIS HIAÎ BALANCE I,IILL INDICAÎE EITHZN
lHE NEED FOR SUPPLE}{ENTAL HEAT, OB TEI,IPERáTURE CONTROL.

? NEH THE PNOCR.A}I OUTPUÎ CO¡ISISlS OP I{.IIBI¡NT AND OUTLET TEMPERATURE, THE HEAÎ
B,{LINCE (lt), tOlAL VEI{TILATIoN, TEHPERED VENTIL^TION, AND THE .*tBtENl
VENlILATION.

8 RE}' THENE IS NO ACCOUXTINC FOR TEHPURATURE CONTROL YENîILÀTION BUILÎ INÎO lHIS
PNOCRá.II. THE HEAÎ BALANCE ALONE IIOULD INDICATE lHE NEED EOR FUÌTHER
VENTILATION.

IO REII PROGNAH CONSÎANÎS
20 REM ARE¡,S
30,{R=682.9r Âc = 7 5 : 

^C 
( 0 ) = 6 4I I Ac( 1):3? ?.4 | Ac(2)=151.2, Ac(3):119. {

40 ¡,tl(l)=ll8: ÀH(2):105 ¡ 
^ç(3)=50r 

AIH(l):118: ÄtH(Z):tO5 :,{rw(3):ZZ3
50 REI{ OUÎSIDE PLOOR PERIHETERS
60 P(I)=4?,2r P(2)=a9.2¡ P(3)=20
7O REH HEAT îR.ÀNSMISSION COETSICIENÎS
80 UC:,286: ull=Ucr tR:2,94: Uc=4.0tt UFL=.?14: UIH=1.?2
9O REH RELI.TIVE HI'MIDIlIES A¡ID INITIAL IEHPERT{TURES
100 RH(1)r.?5r RH(2) =, ?5 ¡ RH(0)=.95
1I0 T( 1) =21: 1(2).2?
12O REM SENSIBLE ÀND LÀTEN1 HEAT PRODUCÎION OP ANI¡'ALS
130 N,t(t)=60¡ NA(2)=510: NA(3)=0
l{0 sHEÄî( 1) =2{8 r SHEAT(2)=41,7: sHEÀÎ(3)=0
I50 f,HE¡.î( 1) =394 | LHEAÎ(2)=54,3: LHEAT(3)=0
160 REI,I HSC. VARIABLES
170 P,1,= 101,325 r DÎ3=0
180 Drlr K13(20)
190 DII,1 KTATÎ(20)
200 ¡{Ef oPF
210 cls
21I IHPUT "INPUI lHE PIPE NTII,ÍBER (1,3,OR 4)":PN
2I2 IF PN:l OR PN=4 ÎHEN.{E=.05I REH PIPES 1& 4 AIRFLOH ,05 E^3/S
213 IF Ptl:3 ÎHEN.{f=.1: REI{ PIPE 3 AIRILOI .10 d^3/s
2I{ PRINT
215 INPUT "INPUT THE PIPE LENGTH (20 On 29 E)',;PL
2I6 PRINT
217 I¡{PUT "INPUT lHE NIJÌ'BER OF PtpES I}t lHE SySTEtf";NpIpES
218 CLS
220 I}IPUT ''INPUI ST,{RTINC FILE NWBERI';STARÍ
230 PRINT
2{0 INPUÎ "IllPUT L,{sT PILE NUHBEn'|,; L-AST
250 cl,s
260 POR X= SîA-RT 10 LAST
265 IF PL=20 COÎO 302
270 IF X<10 lHEN FILE2S="1CE"+r.frD3(STR$(PN),2)+,,0,'+Ì.frDt(SîR$(X),2)
280 fr x<10 THEN Lf,3="D"+MrDS(STRS(pX),2)+,'00"+I,frDi(STRs(X),2)r COTO 310
290 FTLE2J:'rîCE" +HrD3 ( Sln$ ( pN) ,2 ) +MrDg ( SlR¡ (X ) ,2 )
300 FrLEt="D"+HrDg(SÎRS(pN),2)+',0,'+IrDt(SîRJ(X),2)
301 coTo 310
302 IF x<10 THEN FILE2$=,'ÎcF,'+HIDt(sTRg(PN),2)+"0"+MrDg(STRS(x),2)
303 ¡F X<10 ÎHEN rrLE3="D"+HrDs(SlBa(pN),2)+,,00"+Ì,rrDt(sTR.(X),2): colo 310
30{ FrLE2g=,'TcF"+HrDi(sTRi(pN),2)+MrDS(sTRt(x) ¡z)
305 FrLE$ = "D" +HrDi ( STRS ( pN ) ,2 ) +',0 " +!lrD3 ( S1R3 (X) ,2 )
310 opEN "Rl, å 1, "C: " I FtLEt+ ", pRN",88
315 IF PL=20 coTo 325
320 FrELD;1,1 AS Qt(1),10 ÄS DAg,1 Âs ei(z),1 As a$(3),8 

^S 
Tri,l 

^s 
QJ(4),40

AS DUMlryt ¡ I ¡{s SENS(6),8 Às SENS(?),8 As S8N$(8),1 As RETS,l AS LF¡
321 CoTO 330
325 FrELD *I,1 ÄS e3(1),r0 AS D^t¡I AS Q$(2),1 ÂS QS(3),8 

^s 
1rS,1 As qa(4),32
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,ls DUHìrYt,8 ÀS sElr¡(6),8 As DUÌ{¡,8 As sEI3(?),8 
^S 

SENi(8),1 AS nET3,I 
^S 

Lf3
330 OPEN "n¡, å?, fC i,'+ [I LD2 $ +',, pRN',,96
340 FrELD t2,1 ,{S Qt(I),t0 

^S 
DlEi,I ÀS e3(2),1 As QS(3),8 As îÍE!,t 

^S 
et(4),

4 
^S 

DUr13(t),8 
^S 

TEMPS,4 AS DrJllS(2),8 ,{S OU11EHP3,4 AS DUHi(3),3 AS DQr
345 FIELD t2,58 AS DUHlry¡,4 AS DUHt(4),6 AS VENTS,4 AS DU¡li(5),6 AS VTS,4 AS

Dt¡H3(6),6 
^S 

VAS,1 AS REÎS,1 
^S 

Lr$
350 CEl 

'1,1360 REc = vÂL(DAi )
3?0 cosuB ?000
3SOFORI=2TOREC
390 LOCATE t2,6:pRINî ',CotfpUTER pROCRA-fl IN pROCRESS"
4OO LOCAÎE 25,IOI PRINl RECOND å";I,'I PILZ:'';FILEir",PRN'I
410 CET |r,r
420 1Â= (v.{L(sENa(?) )lvAL(sENS (8) ) )/2
430 COSUB 5000
440 COSUB 5200
450 r(0) =Tå: 1(4)=vAL(sENs(6) )
460 cosuB 5400
4?0 cosuB 5800
480 COSUB 8000
{90 NEXÎ I
500 closE g1t closE å2
510 NEXî X
520 CLoSE
530 cls
540 LOCAIE 12,2?t PRINI "COMPUîER PROCR.AÍ FINISHED"
550 END
5OOO REM SUBROUTINE IIHICH CÂLCULATES THE IEI,IPERATIJRE OF TH8 HA],LHAYS AND lHE

AÎÎIC. ¡T IS AN ITERÂÎIVE PNOCESS DEPENDINC ON CONSECUÎIVE VÄLUES.
5005 IF tl=Ì coTo 5120
5 0I0 Y= I
5020 KT3(Y) = ((1(1)r,ÂIH(1)+T(2)*A¡H(2))*UrH+ÎÂ*AH(3)*Ur)/((Ar$(t){Arç(2))xunt+

^H(3)xUrH)5030 K1Â11(Y) = ((1(1)x^c(1)+1(2)*^c(2)+ttT3(t)*^c(3))r,Uc+TA*(AR*UR+AG'(UG))/(Ucx
(Ac( l)+^c( z )+.{c(3) )+ARi.uR+Ac,*uc)

5040 z=2
5050 KT3(Z) : ((T(1)*^rH(1)+1(2)|,{flr(2))*UrH+ÎA*AH(3)xrrr{{KîATT(Z-r)*AC(3)¡,UC)/((

ÂIH( 1 ) +AlH(2 ) )xUIH+AP(3)xuH+Àc( 3 )xuc)
5060 XTATT(z) = ((r{r¡"¡ç11¡*t,r)*Ac(2)+KT3(z)*Ac(3))*Uc+TÂi!(ARxURrAcrUc))/(Uc*

(Ac( 1 ) *Ac(2 )+Äc( 3) )+AR*un+Ac*uc )
50?0 Y= Z
5030 rF ABS(KT3(Z)-K13(Z-1))<,01 

^ND 
ABS(¡{fAlT(Z)-KTÄTT(Z-1))<.01 cOrO slOO

5090 z=z+1t coTo 5050
5100 T(3)=X13(Z) | 1Â1.KÎATÎ(Z)
5110 RETUAN
5120 TAT = ((T(1)*Ac(1)+1(2)xÂc(2)+NEHî3*Ac(3))*Uc+TÂx(AR*UR+^C+Uc))/(Ucx

(Âc( 1 )rAC(2 )+ÂC(3 ) ) +^R*UR+^C*UC)
5130 T(3)=NEH13¡ H=0
5140 CO10 5110
52OO RE},I SUBROUÎINE IIHICI] CALCULAîES THE HEAÎ B¡.LÀNCE OF lHE BUILDINC IIITHOUT

VEHlILI.lION
5210FoRJ=11o3
5220 Ar (J );ifl( J)*uH* (1(i ) -1.{ )
5230 q2(J):ArR(J)*U t¡:(T(J)-T(3))
52{0 Q2 ( 3 ) = (,{IH( r )* (1( 3 ) -r( I ) ) +,rIH( 2 )*( r ( 3 ) -r( 2 ) ) ),}ur$5250 e3(J)=ac(J)xuc*(1(J)-1ÀT)
5260 e4(J):uFLxP(J)*(I(J)-rÁ)
5270 a5(J):N^(J)xSHEAl(J)
5280 e5 ( 1) =e5 ( 1) +¡{A ( 1)*250
5290 e6(J)=es(J)-(er(J)+S2(J)+e3(J)+e4(J))
5300 NEXÎ J
53IO RETURN
54OO REII SUBROUÎINE RHICH CALCULÂT8S THE PSYCHROHETRIC PROPERTIES OT ÎHË I,IODELED

CONîNOL VOLIIHES. ¡I.IIBIENI,FARROIIING,NURSERY,HìLLHAYS,AND PIPE OUTLET.
5410 FoR J=0 To 4
5420 1=r(J)+273
5430 IF r<2?3 THEN CO10 5630
5440 Ps= 89.63-?512l1*.024xr-I.165E-05*T'2-1.28I8-08*1'3+2.lE-llrT'4

- 12. l5*LOc ( 1)
54s0 Ps(J)=EXP(PS)
5{60 NEXT J
54?0 FOR J=0 T0 2
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5480 PF(J)=RH(J)*Ps(J)
5{ 90 1,1( J ):,622* ( PH( J ) / ( P^- Plì ( J ) ) )
5500 xExr J
55r0 H(3)=Ì,f (0) : H(4 )=l,l(0)
5520 PH(3):PH(0)r RH(3)=p!¡(3)/Ps(3)
5530 P$( 4 ): PI(0 ) ¡ nH(4):Pll(4)/Ps(4)
5540 PoR J=0 T0 {
5550 Hs( J ) = r.01* ( T ( J ) -0 )
5560 HL(J)=Ìt(J)*(250r+1,?8*(1(J)-0))
55?0 HT(J).Hs(J)+HL(J)
5580 NEM ENÎHALPY V¡TLUES VALID FOR -50<1>1IO CELSIUS
5590 svol(J)=(.28?*(1(J)r2?3))/(p^-pp(J))
5600 DEN(J)=(lrH(J))/svol(J)
5610 NBXî J
5 620 RETUNN
5630 Ps=2{.28-6238/1-. 3444}LoG(T)
56{0 c0r0 5450
58OO REH SUBROUTII{E I,IHICH CALCULÂTES THE VENTILÁTION RATES POR THE BUILDINC.

FARAOHINC,NURSERY,,{ND TOTAI,.
5810 ßEM CALCUI.{IION OF V8N1 AS A fUNCTION OF LATENT HEAÎ
5820 }lÄfiB=0i AHBVENI:0
5830 FoR J :l 10 Z
5840 DLÀI(J ):HL(J ) -HL( 3 )
5850 vL.Al( J )=(LHEAÎ( J )*NA( J )*3. 6) /(DL¡{r( J )i D8N( 3 ) )5860 e?(J)=a6(J)-((Hs(J)-Hs(3))*(LHEÂT(J)xNA(J)/DLAI(J)))
58?O NEXT J
5680 vLLl=vLAl( I ) + vL.Ä¡ ( 2 )
5890 e?(3)=0
5900 REH HASS FLOW OF THE VENTILÂÎION AIR lN kg/s.
59 I0 HFLoH: ( LHE^Î ( I )*NA( I ) / (DLÀî( 1 ) xI000 ) ) + ( LHE^Î ( 2 ) xNA( 2 ) / ( DLAT ( 2 )x 1000 ) )
5920 MTEHP:HFLoH: VTEMP=(tlFloç/DPN(4))*1000
5S3O REM NUIIBEB OF PIPES REQUIRED TO DELIVER THE VENîILATION NEEDS TOR

HI'HIDIlY CONTNOL
5940 PIPES: (ttPLoH/DEN(4 ) ) /AF
5950 rF (pIPES-rNT(prpES)) ) ,5 THEN prNC = l ELSE prNC: O
5960 PIPES = INÍ(PIPES) + PINC
59?0 IF PIPES(NPIPES OR PIPES=NÞ¡PES COTo 6030
59?5 PIPES=NPIPES
5980 HAXTETTP=AF*NPIPESi VTE¡IP:H¡xlEHpxlOOO
5990 AHBVENT=((HPlolr-(M.Axl8flP¡*DEN(4)))/DEN(0))xr000
6000 HTSMP.H.A-XTEHP¡DEN (4 )
60I0 IIÂÌáB:MFLOH-HIEMP
6020 REr{ lHE HE,TI LOST BY THE SYSÎEH DUE TO THE ADDITION OF

VENTILAlION AIR,
6030 Q8= (HTEHP*( Hs ( 4 ) -Hs( 3 ) ) +H,{-¡lB* (Hs ( 0 )-Hs ( 3 ) ) ) * 1000
6040 REì,f
6050 De:Q?(1)+87(2)+aB
6060 RE¡r

INSTANTANEOUS HEAI BALÂI{CE OT lHE SYSTEH

lHE CHÁNCE IN ENERGY IIIîHIN THE EUFFER ZONE (HALLHAYS )
60?0 HÀss3:Ac(3)'ÍDEN(3)*2. 5

6080 vKJ= (¡rlEnP*HS(4 )+HÆrB*Hs(0 ) )L10800
6090 vfiJ3=Hrss3xHs ( 3)
6 100 s rx= (vxJ+vxJ3 ) / ( (HîEüP+H,$rB )*r0800+ìrAss3 )
6110 NBHÎ3=sH¡X/1.01
6115 VENl:AÌtBvENT+VTEHP
6120 rt ÂBs(NEH13-1(3)) < r ÎHEN RETURN
6130 n=tr cosuB 5000
6t{0 REIUnN {{0
TOOO REM SU¡NOU1INE HHICH FONí.{IS 1H8 THO HE.ADINC LINES FOR THE FILE
70I0 LS81 DTB9=5183(nEC+2): LSEI TXES=¡ILEz$t 

""tt 
tt"ts=u," LsET ouTTEup¡:,"':

La"t OQ$="" ' LSET VENTI=r"': LS¡t ut¡="". LSEÎ v¡,S=,,"
?020 FoR c=t To 4! LSEI e$(c)=cH8s(34) rNEXl c
?030 LSEÎ BET$:CHR$(13): LSEî LFi:CfiRS(10)
7010 FOR v=1 l0 6t LSEÎ DLni3(V)=" 'rt NEXT v
?050 PUT ¡2,1
?060 I.SET DlE$:'I DATE"i LSEÎ TüE'='I TIHE'" LSST TEHPI=I'AI{B. TE}'P'' i LSET

OUTTE¡|Pi =rrOUT . lEHP¡r : LSET DQS:rr HEÀT"l LSET VENTJ='r VENT"
?065 LSET VT3=" TV LSET VAi=rr AV
70?0 PUl {2,2
7080 LSEI DTE!:" 'r. LSET Î¡tES=" "r tt"t tE"tr=', (c),,: LSET ouTTEMpt =" (c)":

LSET DQI:"BrtLANcErrrLsET VENTS=rr(L/s)":LSET vlg="(L/s),,:LSET v^$=',(L/s),,
?090 PUT *2,3
7IOO REÎURN
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SOOO NEÌ'I SUBIOUTINE HHICH PU15 îH8 CÁLCULAÎED VALUES ONTO DISI{
I0I0 LSET DTEi:D^3
8020 LSEI TíE¡=Tt¡
8030 LSET TEIIPS=sTRt(r(0) )
8040 LSPT OUllEltP$=STR¡(1(4) )
6050 LsEl DQi=sTR3(DQ)
8060 LSET vENTt:STR!(VENT)
8061 LSET vla=s18S(VTEMP)
6062 LSET vAS=sTBl(ÂflBvENT)
s070 roR c:1 T0 4: LSET eS(c)=cBnt(34):NlxT c
8080 LsET nEl¡=cHRt(13): LsET LFS=CHRS(10)
EOgO POR V=I TO 6i LSET DUÍS(V)='' ": }iEXT V
9100 PUT *2,I+2
8}10 RDTURN
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10 RIM Suû.rODt,8AS In I TIEN t NOVE|IBER 26, 1987
I1 REM SI'I'fHER SIMULAÎ¡ON PROCR.A}'. THB PROCRÂ}I HAS D8S¡CNED 10 PREDICT lHE

VE}Iî¡LAlIO}I RBQUIR¿}IENT ÀND lHE RESULîINC ROOII TEI.IPER.ATURES POR THE
SÎRUCîURE. THE CAPÁCIlY OF THE SOIL-ÀIR TEI,IPERINC SYSTEH HAS TO BÉ

12 NEí DEIERì,INED 8Y THE HINTEN SIMULATtONS. BLETDlNC OF Tr}lBIENT ¿{ìlD TEHPERXD
AIR IIILL BB DONE 10 XECOHENDED }I.ATIHN,I AIR FLOI{ ru.18s.

13 NE¡' lHB PROGnJ{I,I OUTPUî CONSISIS OP lHE A}IBIENT, OUTLEÎ AND ROOH îEIIPERAîURES,
THE RELAÎIVE HIJHIDIîY Á¡iD VENîIL.Aî¡ON RAÎES ÊITHIN EACH ROOH, T,ND THE
EUILDI¡IC 1OÎÂLS.

14 REM lHE USDR MUSÎ SPECIFY ì,IHICH PIPE A}lD HHO H.q.tlT LÂÎERlLS ARE 1O BE MODELED.
lHT PROCRA}I ONLY T,ODELS FON THE 29 E LONG LâT8MLS.

20 NEX THIS PROCRáH NEADS D¡.î,I, ERO¡I PREPA.RED D¡.Î.A, PILES Ci¡IEANSP4.PRH. IT
CREÂTES A NEH SILE C¡CPIP'4.PRN.

30 REH lHE PNOCR¡.U REQUIRES NO INPUÎS FROM lHE USEN. THE PROCR,ì}' RUNS ON GHBASIC
40 REM PROCRáH CONSÎÀIîS
50 REI{ A.REAS
60 

^R:682.9: 
Ac=?5r Ac(0)=648: Ac(1)=3??.4: Ac(2)=t5t.z. 

^c(3)=119.470 
^Ifi 

( 1):1¡8 ¡ Ar$(2):105r AtH(3)=223
?1 Drr, Alr(4,5)
?2 Alr(1,1).92.5t 

^H(1,2)= 
0: ,rl{(1,3)= 0r Âî(1,4)=25.5

73 
^H(2,,.): 

0t AH(2 t2\=2L : AH(2,3)=105: .{H(2,4)= 9
?4 

^l{(3,1):15.5¡ ^u(3,2)=28.5r 
AH(3,3): 3r,{H(3,4): 3

80 RE}I OUTSIDE FLOOR PERIHSÎERS
90 Drr,r P( 3,4 )
9l P(1,1)=3?t I p(1¡2)= 0¡ p(1,3)= 0 ¡ p(1,4)=10.2
92 P(2¡r)= 0t P(2,2)= 3.6: P(2,3):42! | p(2,4)= 3,6
93 P(3r1)= 6,2r P(3,2)=11.4: P(3,3)= 1.2: p(3,4)= t.2
1OO RE},¡ HEÂT îN.{NSEER COEPFICIENÎS
110 UC=.286r tH=UcI uR=2.94: Uc=4.0Ii UFL=,714| UI{:t.?2
11I RE}' DECREI,IENI PÂCîORS FOR ROOP,GÂBLES,HÄL!S,AND TOUNDATION
1I2 LB=.3: LCS= 3,96: LCN=3.9?
113 LH(1)=.12r LH(2):.13: LH(3):.13r LH(4):,14
114 LFL(1):. 025¡ LFL(2):,039r LPL(3)=.032r LFL(4):, 043
12O 8PH RELAÎIVB HI'}IIDITY A}ID INIÎIAL TEHPEN.AIURES
130 RH( 1) =.75 r RH(2 ):, ?5
135 DrH ÎE(4,2,5)! D¡U 1n(4,2)
140 ÎR ( 1 , I ) = 21 : ÎR ( 2 , 1 ) = 2 ? t Nt(I)=21r NT( 2 ) =2?
150 RB},I SENSIELE AIID L?TÎENÎ HEAÎ PRODUCÎION OF ANIIIÂLS
160 NÀ(1)=60r rIA(2)!510t NA(3):0
1?0 SHE¡.T(1)=2{8¡ sHE^Î(2):41,?r sHEAl(3)=0
180 LHE¡.î( 1):394 | LHE¡,T(2):54.3r LHEAT(3)=0
190 RBM HSC, VARIABLES
200 PÂ=101.325
210 Dlr.r K13(20)r DrH XÎ¡{TT(20)
230 FEH RELAÎIVE HU}IIDIIY DÂ1,{ ÀS A FU}ICTION OF I'ÍONTH AND HOUR OE DÁ,Y.
240 DIlf RELH(5¡8)
250FoRX=lTO5
260 FORY=11o8
270 READ RELH(X,Y)
280 NEXT Y
290 NEXÎ X
3OO RE}I REL¡.TIVE HTJIIIDITY DÄ1,1, FOR lHE MONTH OF I,fÀY
310 DAl^ 72,12,12,60¡48,50|51,62
320 REM RELAÎIVE HT'}ÍIDITY DÀÎÄ TOR THE ¡IONÎH OP JUNE
330 DAÎA ?7 , ?6,75 ,64,52 ,54 ¡ 55 ,66
340 REM RELr{ÎM HUHIDIîY DÂTÀ FOR THE HONTH OF JULY
350 DAÍ¡{ 8t,80, ?9,67,54,57,59, ?0
360 REH RELAÎIVE HI'}IIDIÌY DATA FOR lHE }IONTH OF AUCUST
3?0 DAT^ 81,82,83,68,53,5?,60, ?1
380 ABH RELÀTIVE HIJ}'IDITY DÀÎA FOR THE ¡JONTH OT SEPTEUBER
390 DAI.A 80,83,85, ?0,55,61,67, ?4
4OO XEY OFF: CLS
401 D¡X D! ( 15 )
402 INPUT "INpUl lHE pIpB Ntn'lBER (1,3,On 4)',;pN
403 IF PN=l oR PN=4 ÎHEN AF=.05: REn PIPES 1á.ND { ÀIRFLOH .05 Þ^3/s
404 IF PN=3 ÎHEN AF=,Ii RE}' PIPE 3 ¡,IRFLOH .IO Þ^3/S
á05 PRINT
406 INPUÎ ''INPUÎ THE NIJIIBER OF PIPEs'';NPIPES
407 CLS
410 oPEN "n",å1,"C:HEAI{Sp,'+HIDI(SrRt(pN) ¡2)r".pRN," 136
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420 F¡ELD {1,1 
^S 

QrS,t0 ÄS D^T1,1 AS Qzt,1 AS A3S¡8 
^S 

TtÌ,tt,t AS Q4t,8 As St(0)
,8 

^S 
Hi(0)

430FORI:1106
440 FIELD tl,(22rr*16) 

^s 
Dur.flrYl,S As sa(r),8 

^s 
¡rJ(r)

450 NEXT I
460 FIELD fr,134 ÂS DIJHI ,I 

^S 
Rt,1 ÄS L3

4?0 0PEN "R", å2, "C:CPIP["+íID¡(sTni(PN) r 2 )],,. PRN", 178
480 F1ELD È2,1 AS at(I),10 AS DlE¡,I AS Q$(2),1 

^S 
Qt(3),8 AS THES,1 

^S 
Qt(4)

490rORK=1102
500 PIELD ð 2 , ( 2 2 + ( ¡{- 1 ) * 5 0 ) As DU}r}rY¡,4 Äs D¡(5*K-4),8 As Ît 0(),4 ¡{s Ds(5*K-3),4
AS R3(R),4 AS DS(sifK-2),6 As v$(r(),4 ÀS DS(5xt(-l),6 ÁS V2S(x),{ As DJ(5*K),6 ås
v33(t( )
510 NBXî X

520 frELD t2,r22 
^S 

DrJtt,4 
^S 

D¡(11),6 As vt(3),4 
^s 

Dt(12),8 As Tt(3),4 AS Di(r
3),8 

^s 
rt(4),{ Às Ds(l{),6 Ás vzi(3),4 Às Ds(15),6 AS v3S(3),1 ÂS RETi,l ÁS LrS

530 cET { l,I
540 REC=V^L(D,{1S): S81:VAL(1IH$)
550 cosuB 7000
560 ¡=2: J.1
5?OHHILEI<NEC
5?5 cls
580 Loc^TE I2,6tpRI¡1Î ùCOHPUTER 

PROCRTC.H tN pRocREss'.
590 HHILE J < SEl+l
595 LOCATE 25,25:PRINT "RECORD Ë";J;'' OF";SET;'' NECORDS
600 rFJ > rco10690
610 cET Ër, r
620 FoR K=0 ro 6: TB(l():v^L(si(K)):H(X)=VÀL(HS(K)):NEXT K
625 T(0)=18(0)¡ 1(2)=TB(2). T(4)=TB({)
630 00suB 412 0
650 I:I+1r J=J+l
660 GEl *I, I
6?0 FOR K=0 TO 6:1(K)=VAL(S6(X))rH(X):vAL(Ht(K)):NEXT X
680 co10 ?20
690 lon N=0 To 6:18(K)=1(x):NExT X
?00 cET å t,I
?10 FoR K=0 10 6:r(K)=v^L(sl(X)):H(X)=VAL(HS(K))rNEXT X
720 ¡loIs=vAL(l,rIDl(D^Tt,l,2))
730 HEURE=VÄL(I,IIDS ( ÎIHt ,1,2 ) )
740 RH( 0 ) =RELH (ü0I s-4, (HEURE+2)/3)/100
150 cosuB 4000
?60 cosuB 5000
770 COSUB 5200
?80 cosuB 5400
?90 cosuB 5800
800 cosuB 6800
810 cosuB ?100
820 I=I+t I J:J+l
830 HEND
840 CEl ål , r
850 sET=vAL(lIHS)
860 COSUB 7240
8?0 I:I+1: J:1
880 lrEND
890 CLOSE
900 cls
910 LocATE 12,2?:PRlN1 "COHPUîER PROCRAH IS PINISHED',
920 END
4OOO REI{ SUEROUÎINE HHICII CALCULAÎES THE EqUIVALENT OUTSTDE îEHPERÀTURES FOR THE

VÂRIOUS EXPOSURES AND DECREHENl FACTORS.
4OIO RE¡I THE îEMPERAIURES ARE I,RRANCED IN A 3-d ARBá,Y. tHE lst DICIT OF THE

ÀACUHENî I}IDICATES lHE LOCÀTIOìI ON THE BUILDING.
4020 nEH 0=RoOF, 1=EXTERIOR H^LLS, 2:FLOoR, 3:GABLE ENDS
4030 RBH THE znd DICIÎ REPRESENIS THE TIIIE FACTOR. 0:PREVIOUS RECORD,

l=CUnRENT RECORD,
4040 REH THr 3rd DICIl REPRESENTS lHE BXPOSURE DIRECTION. 0=ROOr, 1=EAST,

2=SOUTH, 3=HEST, 4=NoRTH.
{050 REtf *x*i**** PREVIOUS TEHPERÀTURES **x***¡*:r***
4060 TE(0,0,0)=1E(0,1,0): îE(3¡0,2).rE(3,I,2) ! ÎE(3,0¡4).ÎE(3,1,4)
4080FORK=1104
4 090 ÎE ( 1,0, K ):ÎE( 1,1, X )
4100 ÎE ( 2,0, [ ) =ÎE( 2,1, K )
4110 NEXT r{
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4120 RUH ¡*.'¡¡¡rr CURRENT IZHPERATURES '***x*i*****¡4I30 1¿(0, 1,0)=H(0)i9,4à'LR*(T(0)-H(0) )/uR
4t{0 Tu ( 3 , I , 2 ) = n ( 2 ) { 9 , 4 t * Lc s x ( 1 ( 2 )-tr(2 ) )/Uc
4r50 rt(3, I,{)=H({ )r9.41*LcN'(r(4)-í(2) )/uc
4160FoRK:lTO4
4170 1E(l,l,K):n(K)+9.41*LH(t()*(TB(l{)-H(¡{))/UH
4160 îu(2,1,¡():H(K){9,4|*LFL(K)¡(TB(K)-H0())/UpL
4190 NEXÎ K
42OO REIURN
5OOO RE}{ SUBROUTINE I{HICH CALCULAîES TH¿ TEHPERÁTURE OF THE HALLHAYS ÀND THE

^T1IC. 
I1 IS AN ITZRAîM PRoCUSS DEpUNDtìtc ON COXSEQU,{ÎM Y^LUES.

5005 IFJr2cO105140
5010 Y= I
5020 A.nBIENI=(TE(1,0,I)'^H(3,I)rTE(1,0,2)x^H(3,2)rrE(1,0,3)*Afi(3,3)+r8(1,0,4)

*^H( 3,4 ) )*rm
5030 D8N0H: (Àr( 3,1) r^H( 3,2 ) {^H( 3,3 ) r^}¡( 3,4 ) ) *uH
5040 K13(Y):((TR(1,1)*^rH(1)r1n(?,1)xÀrH(2))*uIH+AíBrENî)/((ArH(r)+ÁrH(2))*Urfi

IDENoH)
5050 I{TATT(Y)=((ÎR(1,1)*^c(r)+ÎR(2,I)x^c(2)+RT3(y)*Ac(3))¡UcrTE(0¡t¡O)*AR*UR

+ (tE ( 3, 1, 2 ) +TE( 3, I | 4 ) )*AC'IUC ) / ( UCx ( AC ( 1 ) +^C( 2 ) r^C ( 3 ) ) +AR*UR+Ac*uc )
5060 Z=2
50?0 K13(z)=((TR(I,1)r¡tlll(1)+ÎR(2,1)iAIH(2))*U t+^HBTENT+XT¡.TT(z-t)*Ac(3)*Uc)/

( (^rï( 1) r,rrH( 2 ) )*u¡ÌrrDENoM+¡,c ( 3 )xuc )
5080 fiÎ^TÎ(z)=((îR(1,1)r,Ac(I)Ì1R(2,1)¡I^c(2)+K13(z)iÁc(3))*UcrTE(0,1,0)*AR*UR+

(18(3,1,2)rTE(3,1,4))¡rrc:Uc)/(Ucr(Ac(1)+¡,c(2)+^c(3))+,rR*UR+Ac,rUc)
5090 Y=z
5I00 rF ADS(X13(Z)-K13(Z-1)) < .01 ¡tD 

^BS(XÎÂTÎ(Z)-X1¡,T1(Z-t)) 
< .01 COTO 5120

5110 Z=Zllt C010 50?0
5I20 Tn(3,1)=KT3(Z) | ÎÄîP=XÎATî(Z) | TAT=XT^11(z)
5130 REIURì{
5140 1^1P=1á.7
515 0 rÂ1=((TR(1,1)*^C(l)+ÎR(2,1)*^C(2)+TR(3,1)*AC(3))fUC+18(0,1,0)*A¡*UR+

(TE( 3, 1, 2 )+18( 3, l, { ) ) *AC*UC ) / ( UCr (AC( I ) +¡.C ( 2 ) +AC( 3 ) ) +An*UR}AC*UC )
5160 COTO 5130
52OO REì,f SUBROUTINE HHIC¡I CALCULAÎES lHE HEAÎ BALANCE O! THE BUILDINC HITHOUT

VENTILATIOX
5205 ¡0R H=1 Io 3:q1(H)=0:q4(H)=0:NExl H

5210 POR H= I To 3
5220 PoRK=1To4
5230 QÎ1(H, t{) =^H(H,K) 'rUH* 

(ÎR(H,1) -18 ( 1,0, K ) )5240 ar(H)=el(H)+e11(H,K)
5250 Q14 (H, X ):UFL'iP( H, X ):r(TR (H,1) -TE( z, o, K ) )5260 q4 ( H ):e4 (H ) +ar4 (H, x)
52?0 NEXÎ X
5280 Q2 ( H ) =AtH(H)*U lr ( ÎR(H,I ) -TR ( 3, r ) )
5290 e2(3)=(A¡ç(1)!i(îR(s, 1)-ÎR(I, 1) )+¿.llr(2)r(rR(3, 1)-rR(2,r) ) )xurH5300 e3 (H ):^C(H )*UC' (ÎR(H,1)-TATP )5310 as (H ) =N^(H )'sHE¡{r(H )
5320 Q5(1)=X,{(r)*(250+sHEAr(1))
s330 e6(R)=45(H)-(a1(H)+e2(H)+43(H)+q4(H))
53{0 NEXt H
5350 RE¡URN
54OO N8M SUBEOUÎINE IIHICH CALCUL.ATES THE PSYCHROMEÎRIC PROPERTIES OF lHE HOD¡LED

CONIROL YOLTJ}'BS. A}{B I ENl , FARROHI NC, NURS EBY , HALLIIAYS , AND PIPE OUÎLEî.
5410 TR( 0,1) =1( 5 ) t T8(0,0)=rB(5)
5420 ÎR({,1)=1(6) | 18({,0)=TB(6)
5430FoR8=0I04
5440 T.TR(H,1)+2?3
5450 IF I ( 2?3 COTO 5?30
5460 Ps=89.63-? 51.2/I+.024xî-1. 165[-05,rT'2- 1.28lE-08xT^ 3+2.18- Il*T-4

_12,15j',LOC(1)
547o PS(H):ExP(Ps)
5480 NEXI H
5490 NEH CALCULATION OE ABSOLUÍE HIJ¡IIDITY AND VÀPOUR PRESSURE 8OR ÀHBIENT,

P,TNROçINC, AND NURSERY AIR.
5500 ¡OR H:01O 2
5510 PH(H):RH(H)*Ps(H)
5520 H(H):.622r,(pH(H)/(pA-pH(H)))
5530 NEXT H

5540 RET' ABSOI,UTE HIJ}IIDIlY,VAPOUR PRESSUNE,AND REL, HUI,IIDITY OF lHE HALL ÀND
OUTLET .{IR.

5550 r(3) =ll(0 ) t H(4)=H(0)
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5560 PH(3).PH(0)r RH(3)=Pu(3)/Ps(3)
55?0 PH(4)=PH(0): nH(4)=PH(4)/Ps(4)
5580 REH CALCULATION OP OUTLEî AESOLUÎ¿ HIJI'IDIÎY IF R¿LATIVE IIIÍHIDIIY EXCEUDS

lOOX (SAîUn,ATIO}I HILL RESULT IN HOISTURE LOSS BY CONDEXSATION).
5590 r¡ n (4) < l0R RH(.1) = I COTO 5630
5600 PI(4 )=Ps(4 )
56I0 H(4):.622*(PH(4)/(PA-PH(4))): RH(4)=1!
5620 REM CÀLCULÂÎI0N 0F SENSIBLE,LATENî,AND TOTAL ENlH^Lpl¡S.
5630 RE}f ENTHALPY VALUES VALID FON.5O C ( 1' IlO C.
5640 FoR H = 010 4
5650 Hs(H)=1.01*(îR(H,l)-0)
5660 HL(H):H(H)*(?501+1,?5r.(ÎR(H,I)-0))
56?0 HI(H):Hs(H)+HL(H)
5680 REn CALCULATToN OF SPECIFIC VoLt}fES, 

^ND 
DENSTTIES,

5690 SVOL(H)=(.28?*(TR(H,l)+2?3))/(PÄ-PW(H))
5t00 DEN(H)=(1+lJ(H))/SVOL(H)
5 710 NEXÎ H

5?11 PoRx= 1T0 2
57 L2 sH(X ) = r.01* (NT ( K ) -0 )
5?13 Q6(x):Q6(K)+2500*(sH(K)-Hs(K))*Âc(K)*DEN(K)/10800: REH DTFFERENCE tN

SZNSIBLE HEAî BETHEEN ROOM Î¡I'P AND DESTRED TEI'P,ADDED TO ROOM HEÁT LOAD.
5? t4 ÌrExl K
5?20 RETURN
5?30 Ps=24.28-6238/1-. 3444*Loc(1)
5?40 CoTO 54?0
58OO RE}I SUBROUîINE }IHICH CALCULÀTES THE VENÎ¡LI,TION R.ÀÎES FOR THE BUILDINC,

FÀROHINC, NURSERY, ANDTOl.{LS.
5805 VrrB=0¡ V.{llt(1):0: VAHB(2)=0: Vlr}tP=0r VTEHP(1):0: VTEr,rp(2)=0r x=2
5810 IF 1R(0¡1) ) J.9 oR 1R(0,1) = 19 ÌHEN L=4inEM sEl Fon ArR TE¡rpERrNc
5820 IF 1R(0,1) < 19 ÎHAN L=0: REü SET FoR A}|BIENî VENTITÂTION
5830FoRx=1T02
5840 DSEN(X):HS(IT).HS(L):R8ÌI SENSTBLE HEAT POTENTIAL KJ/Kg
5850 H.Ass(ß)=q6(X)/(DSEN(K)x1000) nEÌá l{Àss FLoH R.{TE kg/s
5860 VSEN(X)=&{SS(K)i,SVoL(L)¡,1000r REH noo¡r vENl, RáfE L/s
58?0 NEXî K
5880 VSEN=VSEN(I)+VSEN(2)I REH TOTÄL VENîILAlION L/S
5890 tlÂss=M.{SS(I)+r1ÅSS(2): REH TOTÄL }tÂSS FLOH kg/s
5900 u¡.ss3=Ac(3)¡(2.5iDEN(3): RE ÂrR ü SS OF HÀLLltÀy
5910 VKJ=H.A,SS*HS(L)r'108001 REr{ SENS¡BLE CONÎENÎ 0F VEìtÎ. ÀlR kJ
5920 VKJ3=¡{ASS3*HS(3)! REH SENSIBLE CONTENT OT HâLLWÄY KJ
5930 sHrX=(vxJ+VXJ3)/(¡rÂSSx108oo+H,ISS3)r REü SENSlBLE CONîENî OF HIX kJ/kd
5940 THIX=(!1,{SS3*H1(3)+H-aSS*HÎ(L)*10800)/(rfÀSS3+M^SSr,I0800)rREtr lOlAL ENÎHALPY

oF ttlx kJ/kg.
5950 LI,IX=lMIX-SHIX: REH L,\TENT COIITENT Or ÀIR MIXTURE kJ/kg.
5960 NEHT3=ST'IX/1,01¡ NEM NEÏ HALL ÎEIIPER^¡UR8 (C).
59?0 NEÌ¡H=(l,tÂss3*H(3)+XASS*10800*H([))/(M^S33+H.aSS*10800)i REH ¡irXlURE A8S.

HUì.IIDITY kg/ke,
5980 PìI=PA*NEh'R/I.622 i REH DERIVED FROH LINE 5520
5990 î=N8HT3,273: NEH HALL ÎEMPERÂTUBE (K)
6000 Ps= 89.63-?512/T+.024*T-1. 1658-05x1-2- 1.2818-08*1^ 3+2. lE- 11*1-4

-12.15r(Loc(1)
6010 Ps=ExP(Ps)
6020 NEHRH=pP/pSt 8Blj REL. HtltIDrlY 08 

^IR 
HIXTURE (C).

6030 NEIvoL=(.28?r,T)/(PA-PH)r REH SPEC. voLtlrE oF ÂIR I'IXTURB E-3/kg,
6040 NEHVENT=0
6050FoRK=lToz
6060 NEHYENI(R)=(Q6(K)/( (lls(K)-s¡rlx)*1000) )xl000xNElivol¡ REtt L/s
6 0 ? 0 NEHVENT= t{EHVENT +NEHvENI ( K )
6080 NEXÎ K
6090 I8 NEHVENT/VSEÌ{ > .95 

^ND 
NEHVENT/VSEN < 1,05 COTO 6150

6100FoRK=1102
6110 xÁss(K)=eô(K)/((Hs(K)-sÌrrx)*1000): REH kg/s,
6120 vsEN(X)=l,l,{ss(K),|NEHVOL*1000t nEtt lrls
6130 NEXT K
6140 co10 5880
6150 H,{xvENT(1)=(H^(1)*110) u xvBNl(2)=(NA(2)*15): R¡ll H¿x loTåL VENTILATIoN

. 14250 Lls,
6155 vsEN(t)=NEHVENI(l): vsEN(2)=NEHVÐNÎ(2): vsEN=vsEN(1)+vsEN(2)
6160 IF VSEN(I) > M.IXVENT( 1) 

^ND 
L=0 oR YSEN(2) ) tfÂXvENT(z) AND L.0 1HEN L=4i

co10 5830
6I?O |IAXTE}IP=AF*NPlPES*IOOO: REII IÍ-AX AIR IEI1PERED FLOç L/S
6180 IF VSBN > MrlXTEtlP AND L=4 ÎHEN GosUB 6340
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6185 lF L=0 THEN VÀ]rB(l)=vsEN(1)r VÀ}lB(2):VSEN(2): vA-ìlB=VSEH
6186 rP L=4 AND X.2 THEN VTEMP(1).vSEN(l)t Vî¿Hp(2):vSEN(2)¡ VIEHp=vsEN
6190 loRX = t102
6200 Ds(K)=q6(X)/1000-(Hs(t()-sxIX)rxrss(X)r REH kH
6210 DL(K)=(LHE,rÎ(K)'NA(X))/1000-(HL(K)-1,ÌrrX)rfrASS(X)rREtr LÂTENT PoT¿NTr,{L kìl
6220 SEIIS(K):HS(l{)+Ds(H)/¡i^SS(X)r REH NEH SENSIBLE GONTENT OF RooH kJ/kg
6230 LAT(K)=HL(K)+DL0r)/ü^ss(ti): REí NEH LATENT CoNTBNT op RooM kJ/kg)
6240 NÎ(K)=SENS(X)/r.0I: REM NEW ROoM îEMPERATURE (C),
6250 R!'IASS(lt):ÀC(K)x2.s,DEN(K)! RUfl Rooll AIR rr.ASS kg.
6260 NEHH( K): ( Rþ{ss ( K )*H( X ) +NEwH*MÀss (K ) * I0800 ) / ( R}L{ss +Hr{ss (K )*10800 ) :

REI' NEH ROOH ABSOLUTE HI'ì'IIDIîY Kg/Kg
6210
6280
6290

PH(K):PA*NEHII(K)/I.622: REM ROOII VAPOUR PNESSIJ¡E KPâ.
T=NT(X)+2?3
Ps=89, 63-?5t2lTf . 024,kT-l. l65E-05*T-2-1. 2818-08xT-3+2, 1E-11*T".1

-t2,l5,rL0c(T)
6300 Ps(K)=ExP(Ps)
6310 ¡lEtmH(X):P$/PSt nEH NEH nOoH REL^IIVE HuìllDITY (:).
6320 NZXT Ë
6330 FETUNN
63{O REü SUBROUîINE I{HTCH HANDLES IHE BLENDING OF AHÊIE}IT AND TEIÍPENÊD AIR
6350 RE}l lHIS ASSTJ}i8S THAÎ ÎHERE IS INSUPFICIENl TEIIPEBED AIR TO CONTROL ROOH

lElrPEnÀlttRES, AltD Ä-||BIENT IEHPERÄTURB ¡S,C.BOVE THU 19 C SEl POINT,
6360 RE}I Á PROBLEM ARISES STìICE lHE lHO ROOMS HÁVE DIFFERENT OPTIHIH TEMPERÀ-

IURES. îHIS T{BANS ÎHAÎ THOUCH lHE SEl POINÎ FOR lHE FARROI{INC NOOH H,{S
63?0 RE¡I BBEÌ{ EXCBEDED, ÎEMPERATURE CONÎROL OF THE NURSERY I{AY SlILL BE POSSIAL¡

USINC AHBIENÎ AIR, ONCE THE SET POINT OF lHE NIJRSERY HAS BEEN EXCEEDED
6380 REM THE H.AX]HIJII VENIILAÎION IIILL BE USED RERCARDLESS OP ÎIIE ÂIIBIENî îE}IP-

ERATURE.
6390 vENll =0: X=0
6395 VTEHP(l)=M¡XTEHP¡..{632: VTEHP ( 2 ) =H.{XTEHP-VTEHP ( I ) I v^HB(2)=0:

v,qfiB ( 1) =trrU{vENT ( 1) -VTEHP ( 1)
6400 VAXB=VAHB( 1) +VÁ.IfB(2 ) ! RET{ A}'BIENl VENTIL¡,ÎION R¡.TE L/S.
64IO VTEüP=}TáXVENI¡ RE}I TEHPENED ÄIRTLOfi Nr{îE L/S.
8420 H^HB= VÂ.HB/ 1000*DEN ( 0 ) r REH ÂìlB. H1SS tt0Í kg/6.
6430 HlnP=VTEMP/1000*DEN(4): RE¡,t TElrplRED fr¡.SS FLor{ kg/s,
6440 sllIX:((ìrr[.rB*HS(0)+tfTE]lP,'(Hs(4))*1080o+]r,{ss3*Hs(3))/((HÂHB+MrEMp)*10800

+}1.{ss3) | REí kJ/kg
6450 lllIX=((HÀfB*HL(0)+HIEHP*HL(4))'10600+H.Ass3*HL(3))/((H^}tB+HTEXp)*10800

+lt ss3) | R8Ìt kJ/kÉ
6460 NEHTS=sl{lx/1. 01 !
64?0 NEHï= ( (uÄÌfB*fi ( 0 ) +¡rî8ÌrPxH( 4 ) ) * 1080 0 +H.Ass 3,rH ( 3 ) ) / ( (H,A.íB+rTEHp )* l0800rMAss3 )
6{80 PH=PÀxNEhç/1,622
6490 T=NEN13+273
6500 Ps=89.63-7512/1+.024*1-l,1658-05*T^ 2- 1.2818-08r.1^ 3+ 2. 1E- 1lxT'4

-12.15*LOG(1)
6510 Ps=ExP(Ps)
6520 NE RH=PH/Ps
6530 NEfvoL: (, 28?*T)/(PA-PH)
6540 NEHDEN= ( 1}NEHH) /NEHVOL
65{9 IF x=l coTO 6620
6550 Ds(2)=Hs(2)-s[Ix
6551 IF DS(2)<0 oR Ds(z)=0 coTo 66?0
6560 Hr.ss(2)=e6(2)/(Ds(2)x1000) t REH ks/s
65?0 vsEN(2)=XÂss(2)*¡lEHvOLi(I000r REH L/E
6580 V^HB(2):VSEI(2)-VTEHP(2): RIH NEH À.r.fB. VEHTrr,ÀlrON n{18 L/s
6585 rF VÁÌrB(2) ) (t{rxvENT(2)-VTEMP(2)) CO10 66?0
6590 IF vENTI/vsEN(2) , .95 

^ND 
vENTt/vsEll(2) < 1.05 colo 6ô20

6600 VENII=vsEN(2)
6610 Coro 6400
6620 }rÂss ( 1) =6.6*NEHDEN
6630rORX:tTO2
66Á0 VSEN(¡{)=vTEMp(K)+vÁl.rB(K)
6650 NEXT K
6651 vsEN=vsEN( 1) +vsEN( 2 )
6655 IF x=1 THEN ltAss(2)=vsEN(2)/(100o*NEHvoL)
6660 RETURN
6670 vÁì18 ( 2 ) =tfrrxvENl ( 2 ) -VTEHP( 2 ) : VSEN ( 2 ) =¡jÐ(VBNT( 2 ) : X: I
6680 co10 6400
68OO REM SUBROUTINE IIHICH RE-ÂSSIGNS VARIÁBLE V¡{LUES
68t0FoRX=1102
684 O RH(K):NEHRH(K)
6850 NEXÎ K
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6860 Tn(3,0)=1R(3,1)
68?0 ÎR(3,1) =NzìrT3
6860 RETURN
?OOO REM SUBBOUÎINE HHICH PORIIATS TIIE TWO HE¡.DINC LINES POR THE PILE
7010 LSET DTEi=STR3(REC) l LS¿T TlrEt=STRJ(Sf,T-l ) : LSEl Tt( 1)="FÂRROllr :LSET T,(2)

="NURSERY" : LSET v¡(3)="TOTAL" : LSET Tl(3)="AHBIENT" : LSET Tt(4 ) ="OUTLEî"
?0I1 LSET Vzt(1)=" "i LsEl v33(l)=" ":LSET v2t(2)=" ":LSIT v3i(2)

v2S(3)="ToTÄL" : LSET v3S(3)="TOTAL"
7020 foR c = 1To 4: LSEI a3(C).CHR¡(3{)t NEXT G

?025 FOR C = I T0 2: LSEÎ Rt(C)=" ": LSET V¡(C)." ":NEXT c
?O3O LSEl RZTt=CHB¡(13): LSET LP¡=CHR3(10)
?040 ¡oR v = 1TO 15: LSBr D3(V)=" "r NEXÎ V

?050 PUr å2,1
?060 LSEÎ DTEÍ:" DATE":LSET TI.IEi:" 1IH8":LSEI T5(1)=" TEHP'':LSET Rt(T)=" RH"

rLSEÎ Vi(1).,' vENT":LSET rS(2):" IEHP":LSET R$(2)=" nH":LSEl v$(2):¡ VENI''
?065 LSET V2t(I)=" A.HB" lLSET v3i(t)=" TEltP iLSET vzi(2)=" 

^HB": 
LSET v3t(2)

=" lEHP'r:LSET V23(3)=" .åfi8":LsET V33(3)=" lZllP"
70?0 LsEl vi(3)=" vENl":LSET rS(3)=" IEHP":LSET TS(4):" 18flP"
?0?1 FOR C = 1r0 4: LS81 Q$(C)=CHRS(34)r NEXî C

70?2 FoR v = l lo 15: LSET Ds(v)=" "r NEXT v
?073 LSET REl3=cHRt(13) | LSET LFt=CHRS(10)
?080 PUT *2,2
7090 RETUNN
?IOO RE}f SUBROUTINE IIHICH PUTS THE CALCUT¡,TED VALUES ONTO DISX
7l l0 LSET DTEi=D^ÎJ
?120 LSET îIEi:1ll't!
?l30FoRK=I1o2
7L40 LSET 13 (x) = sTRi (NÎ(K ) )
?150 LSETR9(K)=sTRt(RH(E))
?160 LSEIVl(()=ST8i(VSEN(X))
? 161 LSET v2t(l()=sTR9(VAHB(K) )
7L62 LsEf v3$ (ß) =sÌRg (vTEHP ( [ ) )
? I?O NEXÎ X
?180 LsEl Vi(3):SÎR$(VSEN) | LSEl Tl(3):SlRi(T(5) ) : LSET 1S (4 )=STR$(î(6) )
7185 LSET v2S(3) =STRS(vÂÌlB) : LsET v3S(3)=sTR$ (VTEMP )
7190 FoR c = 110 {r LSET q$(G)=CHR5(34): NEXT G

7200 FOR V = 1T0 15! LSET Dt(V)=" ¡: NEXT V

7210 LSET REta=CHRi(13)r LSEÎ L8S:c¡{Rt(I0)
7220 PU',t ê2,f
7230 RETURN
?240 R8}I SUBROUÎINE HHICII FORI'AÎS lHE IIEADINC LINE FOR IIISSINC DAT.{
7250 LSET DlE¡:'TMISSINC ¡!LSET 1lt8$:STR$(SET-1)
?260 poR c = 1T0 {¡ LSEÎ Q3(C)=CHR3(34)i NEXÎ c
?2?0RoRK.1T02
? 280 Ls81 ît(K)=,,
7290 LSEI R3(X)="
?300 LSET \'3 (K) =rr7301 LSET Y25(K)""
7302 Ls81 Y3S(B)="
?3IO NEXT I{
7320 LSET v$(3)=" : LSET TS(3)=" ": LSET 1J(4)."
?321 LSEI v2S(3)=" 'rr LSET v33(3)="
?330 FoR v = I To l5i LSET Di(v)=" ": NEXI v
?340 LSET RETi=CHRg(13): LSET LF,=CHR!(10)
?350 PUT T2,I
7360 RETURN
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10 REH SIHVEHI.EAS t{R l lTpN: rBBRU^RY 2, 198?
1I REH THIS PRO6R^H S¡}IULATES THE SUII}IZR OPERÁîION OF A CONVENTIONAL YENTILATION

SYSIEH. THE PURPOSE OF lHE PROCRÂ},I IS TO ESTAELISH lHE LEVEL OT
ÎE}IPËRAIURE CONÎROL POSSIELE HITHIN lHE STRUCTURE.

T2 REII THE RESULTS OP lHIS PROCN.$' IiILL îHEN BE COHPÂRED ACAINST THE SOIL-ÀIR
ÎE}{PERING RESULÎS TO DETERIIINE I¡ lHERE ÁRE ANY SICNIFICANT DI¡PERENCES.

13 REM THE PROGRâ}I OUTPUT CONSISTS OF T¡IE TEMPER.ATURE, NELAîIVE HIJI.IIDIîY, ÀND
VENîILAlION RáTE OF THE ROOI.IS, THE TOTAL VENTILÄlION FáTE, AND THE
A}IBI ENl TEMP¿RAîURE.

2O RE¡l REVISlON OP SI'}II.IER PROCN.¡,}f SUIIIÍODI.BAS. THIS PNOCR.A}I READS DAÎ.l PROM

PREPARID DÂTA FILES CiÌIEANSP4.PRN. I1 CNEATES ¡, NUH PILE C:CVE¡iÎ.PRN.
30 RE}I lHE PROCRáH REQUIRES NO IÑPUîS FRO}I îHE USER. THE PROCRÂ¡l RUNS ON CHBASIC
40 RE¡t PRoCRÁìl CONSl.{llÌS
50 REH ÀREAS
60 An=682.9r 

^c:?5 
: 

^c(0):648: 
Ac(1)=3??.4 : Lc(zr=151,2t .{c(3)= r19. 4

70 AIç(l)=118: .|IH(2)=105: AIfi(3)=223
?1 Drlr ÄH( 4,5 )
?2.{H(1,1)=92,5: 

^H(1,2)= 
0¡ ¡,H(1,3)= 0r ÂH(1,{)=25.5

?3 Âlt(2,I)= 0: ÀIr(2,2)=21 : Ä9(2,3):105: .{H(2,4)= I
?4 ,{H(3¡1)=15,5r At¡(3,2)=28,5: Atl(3,3)= 3: ¡.x(3,4): 3
8O REH OUÎSIDE ELOOR PERIHEÎENS
90 Dr¡f P(3,4)
91 P(1,1)=3?!r P(1,2): 0: P(1,3)= 0 : P(1¡4)=10,2
92 P(2,r)= 0t P(2,2)= 3.6r P(2,3)=42!: P(2,4)= 3.6
93 P(3,r)= 6.21 P(3¡2)=11.{: P(3,3)= 1.2t P(3,4)= r.2
1OO R8M HEAÎ îRANSFER COETSICIENTS
110 UC=.286i uW=UC¡ Un=2.94: UC:4.01i UFL:.?14: U¡H=1.72
1II RPM DECNEüENî FACTORS FOR NOOF,CÀBL8S,H¡.LLS,AND POUNDAîION
112 LRÉ.3! Lcs=3,96 | LcN:3,9?
113 LH(I)=.12: LH(2)=.13r LH(3)=.13: LH(4)=.14
114 LFL(l)=,025r LrL(2)=. 039: Lrl(3)=. 032¡ LFL(4 )=. 043
120 BEH NELÂTIVE HI'HIDITY ÀND INIl¡åL TEMPERAÎURES
130 nH( 1) =.75 | RH(Z)=.?5
I35 Drr ÎE(4,2,5): DrÌ,r TB(4,2)
140 TR(l¡1)=21t ÎR(2,1)=27: NT(1)=21r NÎ(2)=2?
150 NEH SENSIBLE AND LATENÎ HEAT PRODUCÎION OF ANIHALS
160 NÂ( I)=60 ¡ N¡\(2):510: NA(3):0
1?0 sHEAl(1)=248r SHEAÍ(2)=41,7i SHE^Î(3)=0
180 LHPÂÎ( l)=39{ | LHEAT(2)=54.3r LHEAT(3)=0
190 nBí ¡tsc. v.{RI.{BLES
200 PA:101, 325
210 DIH XT3(20) | Drlf l(r,{T1(20)
230 REH NEf.ÀT¡VE IIIJ¡1IDITY DÀTÂ ÂS A fUIICTIOI{ OT }1O}iTH AND HOUR OF DAY.
240 DrÌ1 RELH(5,8)
250EonX=lTO5
260 FoRY=1T08
210 READ RELH (X, Y)
280 NEXT Y
290 HBXÎ X
3OO REM REL.ATIVE HIJI'IIDITY DÂTÄ POR THE }IONTH O8 I{ÀY
310 D^ÎA 72,72,72,60,48,50;51,62
320 REH RELÂTIVE HI,}IIDITY DAlÁ FOR THE ¡IONÎH OF JUNE
330 DAlÄ ?7,76, ? 5,64,52,54,55,66
340 REII RELATIVE HIJHIDIîY DAT,{ POR THE MONTH OF JULY
350 DAÎA 81,80, ?9,67,54,5?,59, ?0
360 REH RELÀÎIVE HUHIDIÎY DATÂ POR lHE HONîII OF ÄUCUSÎ
3?0 DÄTA 81,82,83,68,53,5?,60, ? 1

380 REM REI,.ATIVE HIJ}ÍIDITY DAlÂ ¡OR THE IIONÎH OF SEPÎEMBER
390 DAÎA 8 0 , 8 3 , 8 5 , 7 0 , 5 5 , 61 , 6 ? , ?4
4OO KEY OFFI CIJS

410 OPEN "R", å1, "C: }ÍEANSP4. PnN",136
{20 srELD *1,1 

^S 
eli,10 AS D^1$,1 AS QzS,l AS Q3t,8 ,{S TIHS,l AS a4t,8 AS S$(0)

,8 AS lli(0)
430roRr=1106
440 FIELD {1,(22+I*16) As Durl}lyl ¡8 Äs sS(I),8 As tli(I)
450 NEXÎ I
460 FIELD S1,134 ÂS DUì1S,1 AS Ri,1 AS LS
470 OpEN',R,, ¡å2,,'Ci CVEì{1,PRN", r06
480 FÌELD å2,1 AS Q6(1),10 AS DrE¡,1 AS QS(z),1 

^S 
q3(3),8,{S THE$,1 ÂS Qf({)

490FoRR=1102
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500 FIELD ,2,(22t(K-l\*29t,{s DU¡lllYt,4 Às Ds(3'x-2),8 Äs T¡(K),4 
^s 

DS(3*K-l),
4 .{s Ri(x),.t ,4,s D3(3*K),6 

^S 
Vi(K)

5IO NEXT H

520 PÌELD å2, 80 ÀS DUÌ{S,4 ÂS D3(?),6 AS v$(3),4 As Di(8),8 
^S 

T3(3),1 
^S 

RElt,
1AS Ltl

530 cET 
' 
l,1

540 REC:vAL(DATS ) I sxT:vÂL(TIl.lS )
550 cosuB ?000
560 I=2: J=1
5?OHHILEI<REC
575 cls
580 L0c^18 12,6:PRINl "COI{PUTER PROGRå}I IN PROCRESS"
590 I{HILE J < SEl+l
595 LoCÁTE 25,25ipnINÎ "RECORD å";J;,' O8,';SEÎ;,' RECORDS
600 IFJ > 1GOTO690
610 cEl tl,r
620 FOR K=0 TO 5: TB(X)=VAL(Sô(ß)):H(K):VAL(||¡(K))rNEXl ¡(
625 T(0)=TB(0) | T(2)=TB(2): T(4)=TB({)
630 cosuB 412 0
650 l=I+1: J:J+1
660 cEr Ë1,r
6?0 FOR K=0 1O 5:1(X)=V^L(SS(K)):M(X)=VÀL(Mi(K)):NEXT K
680 coro ?20
690 FoR X=0 T0 5:TB(X)=1(X):NEXT I
?00 cET il,r
?10 poR K=0 T0 5:1(X)=v^L(Si(K)):H(t{):vr.L(H$(X)):NEXÎ K
120 HoIs=vAL(HIDg ( D¡uS ,1,2 ) )730 HEURE=V,{L(MIDI ( TIl.rS,1,2 ) )
740 RH(0)=RELH(r{0rS-4,(HEURE+2)/3)/100
750 cosuB 4000
?60 cosuB 5000
170 cosuB 5200
780 cosuB 5{00
?90 cosuB 5800
8I0 cosuB ?140
820 ¡=1+1: J=J+l
830 $END
840 cBl {l,r
850 SET=V^L(lIHt )860 cosuB ?280
8?0 I:I+li J=1
880 I{END
890 cl,osE
900 c¡,s
9I0 LoCÀTE 12,2?lPRINT "CoHPUîER PROGRâH IS FINISHED"
920 END
4OOO RE}I SUBROUÎINE HHICH CÀLCULAÎES THE EQUIVÀLENT OUTSIDE IEMPERI.ÌURES FOR THE

VARIOUS EXPOSUNES AND DECREH¡NÎ FÀCÎORS.
4010 REH lHE IEÌ'IPERÀîURES ÁRE ¡1RRAìICED IN À 3-d ARRÂY. tHE lst DICIî OF lHE

ARGTI}{ENÎ INDICATES THE LOCATION OI{ THE BUILDINC.
1020 REI¡ 0:R00F¡ 1=EXîER¡oR H^LLS, 2=rt00R, 3:GÂBLE ENDS
{030 REH THE znd DIoIT REPRESENTS THE TllfE Í^CToR, 0:PRf,VIOUS RECoRD,

1=cUARENT SECoRD.
4040 BEH THE 3rd DICIl REPRESENTS lHB EXPOSURE DIRECTlON. 0=R00F, I=EAST,

2=SOUTH, 3=ìlESÎ, {=NonTH,
4050 BEH r.***r.x*,ì( PRBVIoUS îEHPER¿,ÎLRES *x*****x****
{060 TE(0,0,0).18(0,1¡0): TE(3,0,2)=TE(3,1,2)t TE(3,0,4)=rE(3,1,4)
4080 FOR I{ : I TO 4
4090 TE(1,0,K)=TE(I,I,K)
4100 îE ( 2,0, K):18 ( 2,1, K )
4110 NEXI X
4120 REH r.**x**** CURRENÎ IEIjPERATURES **x**xx***x¡*
4 r30 rE( 0, 1, 0 ) =ft( 0 ) + 9. 4txLR*( I ( 0 ) -í( 0 ) ) /uR
4140 rE(3¡ ¡,2)=H(2)+9, 4t*Lcs*(1(2)-H(2) )/Uc
4ts0 rE(3, 1,4)=ll(4 )+9. 4**L€Nx(r(4)-x(2) )/uc
4160FORX=I1O4
4r70 TB(r,r,K)=n(x)+9.4ü'iLH(K)*(rB(K)-M(K))/nH
4r80 rE ( 2,1, r( ) =rr( K) | 9.4 txLFL( K )x ( TB ( x) -¡r(B ) ) /uFL
4I9O NEXT K
42OO RETURI{
5OOO REI1 SUBROUTINE HHICH CÁLCUL,{ÎES THE TEIIPERá,îURE OF THE HALLI{ÂYS AND THE

A1ÎIC. I1 IS ÀN ITER.ÄÎIVE PROCESS DEPE}IDINC ON CONSBQUATIVE VALUES,
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5005 IFJ > 2COTO5140
5010 Y=r
5020 Á.rrBIENl=(TE(1,0,1)¡^tl(3,1)rTE(1,0,2)*^H(3,2)+TE(1,0,3)*^l{(3,3)+TB(1,0,4)

¡^H(3¡4))'rulr
5030 Du NoH= (,tH( 3,1) +AÌ¿( 3,2 ) +AH ( 3,3 ) {^ï( 3,4 ) ):uï
50{0 8T3(Y)=((1R(l,l)*^rH(t)+Tn(2¡1)rÂtH(2))*Utp.Al,tBJENr)/((^¡H(l)+.{rt(2))xurH

+DENOM )
5050 KÎ,{TÎ(Y):((ÎR(r,l)*Ac(r)fTR(2,1)x,{c(2)+KT3(y)*Ac(3))*UcrTE(0,I,0)*,{R*UR

+(12(3,1,2){1[(3,1,4))xAcxuc)/(uc*(åc(I)+Ac(z).]Ac(3))+^R,iuR+Acxuc)
5 060 z=2
50?0 liTS(z)=((TR(1,1)*ÁIH(1)rTR(2,1).^¡H(2))rUtH+AíBTENT{XTÄTÎ(z-1)*Ac(3)xuc)/

( (,{lH( 1) {.{lH( 2 ) ) *UIH+DENo}fiAc( 3 )*Uc )
5080 KÎ^rT(z)=((ÎR(1,1)¡Âc(1)+îR(2,1)*^c(2)+xTA(z)*,\c(3))xuc+TE(0,¡,0)*ARr<uR*

(TE ( 3, l, 2 ) +?E ( 3, I, 4 ) ) *AcxUc ) / (Uc* (^c ( I ) +,{c ( z ) rAc ( 3 ) ) +AR*UR+Ac*Uc )
5 090 Y=z
5100 rF ÁBS(X13(Z)-K13(Z-1)) < ,01 AND ÁBS(KÎÁîT(Z)_KÎ^rT(z_t)) < ,01 cOrO 5120
5L10 z=z+Li coTo 50?0
5120 TR(3,1):XT3(Z): TÄÎp=KÎ^ÎT(Z): r.{T=XIATT(Z)
5130 REIURt
514 0 Î^îP=1^1
515 0 141=((îR(1,1)*^C(1)rTR(2,1)*AC(2)+TR(3,1)xAc(3))'uc+Tr(0,1,0)*AR*UR+

( TE( 3 | 1, 2 ) +1E( 3, 1, { ) ) *AGxUc ) / ( Uc* (Ac ( I ) +Ac ( Z ) +Ac ( 3 ) ) +ARrUn +Ác:ruc )5160 coTo 5130
52OO REH SUBROUTINE HHTCH CÀLCULIÎES lHE HEAÎ BAL.ANCE OF lHE BUILDING HITHOUÎ

VENTILÄlION
5205 FoR li=1 1o 3rQ1(H)=0:Q4(H)=0:NEXT H
521,0 FOR H: I 10 3
5220 roR ¡t : I To 4
5230 qTl(H,t{):ÀH(H,K)xUH¡((TR(H¡1)-18(I,O,X))
s240 el(H ) =er (H ) +erl( H, ( )

!?s0 Q14 (H, r ):UFLLP(H, x )* ( îR(H,1) -rE ( 2,0, t{ ) )
5 260 Q{ (H ) =e4 (H ) +q14 (8, B )5270 NEXT X
5280 Q2(H):^rì{(fi)*Urg*(ÎR(H,I)-ÎR(3,r))
!?99 e2(3)=(AIH(1)*(rn(3t 1)-rR(1,1) )+¡rtH(2)*(rR(3, 1)-rR(2,1) ))xurH5300 q3 (H ) =AC(H )*Uc* ( TR ( H,1)-T¿,fP )5310 Q5 (H ):¡lA(H )*SHEAT ( H )5320 a5 ( 1) =NÂ( t )1,( 2s 0+sHEAr ( 1) )5330 e6 (n) =q5 (H ) - (Ql(H ) +e2 (H) +e3 (H ) +84 (H ) )
5340 NEXî H

5350 RETURN
54OO REII SUEROUIINE HTIICH CÂLCULAîES THE PSYCIIROHEÎRIC PROPERIISS OR THE MODELED

CONIROI, VOII'}IES, AHBI ENT , FÁRROHI NC , NURS ERY, HATLHAYS ¡ TIND PIPE OUTLEî.
5410 ÎR(0,I)=1(5)t Tn(0¡ 0)=TB(5)
5430 Fon 8:0 To 3
5440 1=IR(H, t)+2?3
5450 Ir I < 273 oOTO 5?30
5460 ps =89.63- 7512lT+.024x1- 1. t6SE-05xT^ Z- t,28IE_OB*r.3+2.1E_ ltxÎ^ 4

_12, 15*LOC (T )
54 70 Ps(H)=Exp(ps)
5480 NEXÎ H
5{90 NEH CALCULÁÎIOH OF ABSOLUTE HUMIDI-TT. AND VAPOUR. PRESSIJRE FOR AI1BIENT,

FÁNRO}TING ¡¡,ND NUNSENY ÂIR.
5500FoRH=01Oà
s51O PH(H):RH(H)*Ps(H)
5s20 H(H)=,622*(pH(H)/(pÂ-pH(H)))
5530 NEXT H
5540 REM åBSOLUÎE HI'HI DI lY , VAPOUÌ PRESSUNE,ÀND REL. HI'}IIDITY OT THE HALL AND

OUlLEl ¡,IR.
5550 e(3)-ll(0)
5560 PH(3)=pH(0) : RH(3):pH(3)/ps(3)
5620 RE}I CATCUL.A.IION OF SENSIBLE¡LÄTENT,ÀND TOTÀL ENÎHALPIES.
5630 RE}f ENîHÀLPY VALUES VALID TOR -50 C < T ' 110 C.
5640 FOR H:0 TO 3
5650 Hs( H ): r. o1* (îR( H,1) -O )5660 HL(H ) =H(H )t ( 25 01+ 1. ?8* ( rR( H,1) -O ) )5670 Hr(H)=Hs(H)+HL(H)
5680 REI' CALCULAÎION OF SPECIFIC VOLIJ}'ES¡ AND DENSITIES,5690 svol(H)=(.28?*(TR(H,r){2?3))/(pÂ-pH(H))
5700 DEN(H)=(l+H(H))/svol(H).
5?10 NEXî H

STllFORR:11o2
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51LZ sn(K)=1,0Ia(NT(X)-0)
5713 a6(ß)=e6(K){2500*(sH(K)-Hs(k))*^c(X)*DEN(x)/10800r RE¡r DTpFERENCE tN

SENSIBIE H'AT BETI+EE}I ROO¡I ÎEHP AND DESIRED TEHP,ADDED TO ROOII HEAT LOAD.
5? 14 NEXT R

5720 REÎUR¡ì
5?30 Ps=24.28-6238/1-. 3441*Loc(T)
5?40 COTO 54?0
58OO REM SUBROUTINE IIHICH CALCULATES THE V¿NTILAlION RAÎES FOR lHE BUILDINC,

FARORINC, NURSENI,ANDTOÎALS.
5810 L=0: X=0t Y=0: Z=0t zz=0
5820 t A.t(VENl(1)=6600: |I¡-XVENT(2)=7650
5825FORR:1102
5830 DSEN(t():HS(X)-HS(L):REM SENSIBLE HEAÎ POTENTIAL kJ/kg5835 I? DSEN(X):0 OR DSEN(X)<0 THEN VSEN(K)=M,{lr(vENT(lí):HAss(¡{):YSEN(K)/

(svol(0)*1000)
5836 lf K=1 

^ND 
DSEN(1)=0 OR K=l ÀND DSEN(l)<0 THEN Z:1i COTO 58605837 l8 lí=2,{ND DSEIi(2)=0 OR K=2 ÀND DSEN(2)(O ItlEN zz=zi GOTO 58605840 tÂss(¡()=e6(8)/(DSEN(x)r,1000): REH r1ÀSS FLOH R.{18 ks/s

5850 vsEN(x)=tlÁss(x)*svol,(L),r1000r REH ROOH VENT. RAîE L/s
5860 NEXÎ ß
58?0 tsEN=\'sEN(1){VSEN(2) | REH 101rrl VENTTLÀlION L/s
5880 ìr.Ass=HAss(1)+H,{ss(2): REH 1014L tlÂSS rLOH k8/s
5890 l{,Ass3=Ac(3)*2,5íDEN(3): REH ArR HÀss Of HALLT¡AT
5900 vfit=ltÀss*Hs(L)*10800: REtl SENSIBLE CONÎENî oF VENî. ¡{¡n kJ
59IO VKJ3=M.ASS3*HS(3)I REM SENSIBLE CoNTENT oF HALLRAY kJ
5920 sHrx.(vHJ+vxJ3)/(}lÂss*10800]H-Ass3)¡ nuH SENsIBLE CONIENI oF MrX kJ/kg
5930 TMrX.(H.ASS3*H1(3)+HÁSS*HT(L)*10600)/(yÁSS3+Ìfr{ss:lr08O0):nEH ToTAL ENIH^LPÌ

0F l{lx kJ/kg.
5940 LHIX:IHIX-SHIX: REM I,-ATENT CONTENT Of ÀIR MIXTURE kJ/kg.
5950 NBHTS=SI.fIX/1,0I: RE}f NEH HALL IEMPEN^ÎUÌE (C).
5S60 ¡lEt{ =(ürrss3'H(3)+M.assi!10800*l{(L))/(H.Âss3+} ssx1080O): REH r.trXTURE tBs.

Ht]}rID¡ÎY kglkg.
59?0 Pl{=PÂ*NEHH/1.622: REH DERIvED FRoH LINE 5520
5980 1:NEH13+2?3: REM H¡,LL ÎEMPE¡ATURE (I{)
5 990 PS=89.63-?512 /T+.024r,1- l. 1658-0txÎ^ 2- 1.28lE-08*r- 3+2. 1E- ltxT^4

- 12. ¡5xl0c (Ì )
6000 Ps=ExP(Ps )
60IO NEHRH=PB/PS: REH REL. HI,¡}IID¡TY OF AIR }IIXÎURE (X).
6020 IEHvoL=(.28?¡,1)/(PA-Pll): RElt SPEC, voLUHE oF ArR MIXTURE m'3/kÉ.
6030 IFX: lcoTo 6220
6040 NEHVINT=0
6045 IP z=1 

^HD 
zz=2 colo 6220

6046 18 Z=1 AND ZZ=0 COIO 6190
6050FoRX=1102
6060 NEIIVEXT(¡{)= (e6(K)/( (lls(K)-sHlx)r.1000) )xl00oxNzHvorr RE¡t L/s
60?0 NEHVENTTNEHVENl+NEHVENT(¡{)
6080 NEX! r{
6090 IF HEHVENÎ/VSEI| t .95 À¡{D XEïVENT/VSEN < 1,05 THEN Y=l
610080nx=11o2
6110 vsEN(B)=NEtlvENT(¡(): REIIL/s
6120 íÁss(¡()=NSnvB f(K)/(NEFVOL*1000)r REü kg/s.
6130 NEXÍ K

6140 18 T=0 colo 58?0
6150 lF vsEN(I) ) H.AxvE¡lT(I) lHEx vsEN(1)=M.txvENT(l): X=t
6160 rF vsEN(2) ) U¡J(VENI(2) THEN VSEN(2)=HÁXVENI(2): X=1
6165 HÀss(I) = vsEN(1)/(NEPvol'¡1000)
6170 ÌfÄss(2) = vsEN(2)/(NEïVOL*1000)
617 5 VSÞN=VSEN( 1) +vSEN( 2 )
6I80 n{ss=Hr{ss( 1)+ìr¡,ss(2)
6185 IFx= l colo 5890
6189 coro 6220
6190 NEHVENI(2)=(q6(2)/( (Hs(2)-sHlx)*1000) )*1oooxNEHvol
6195 NEHVENI:NEHVENT( 2 )+VSEN( r )
6200 I8 HEhryENl/VSEN r .95 AND NEHVENT/VSEN < 1.05 THEN y:1
6205 vsEN(2)=NEçvENl(2): ¡ ss(2)=vsEN(2)/(NEfivoL*1000)
6210 IF Y=0 coTo 58?0
6215 CoTO 615 0
6220 FOR t{ = 1 TO 2
6230 Ds(K)=e6([)/1000-(Hs({)-síIx)¡rM]tss(X)r REH k},'
6240 DL(X)=(LflEAÎ(K)x 

^(K) 
)/1000-(HL(K)-LllIx)*n{ss(K) rREM IATENI polENTIÂL kH

6250 SENS(K):HS(X)+DS(K)/ÌIASS(K) | REft NEH SENSIBLE CONTENÎ OF ROOM kJ/kg6260 IAT(X)=HL(K)TDL(I()/M.{SS(X): REM NEH LÀÎENT coNTENT oF RooM kJ/kg'
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6270
6280
6290

6 300
63r0
632 0

NT(X).SËXS(X)/1,01i REH NEH FOOH TEHpEnaTURE (C),
PIHISS(r)=^C(K)*2,5*DUN(l()i REl| ROOìI 

^IR 
H^SS kg.

NEHH(X): (nHrss(H )*H(X ) +N[HH*],1^ss0( )*tO8O0 ) / ( R]i ss+¡r¡,ss(X),1OBO0).
REII NEH ROOH ABsoLUlu HIJMIDIlY kg/kg
PH(X)=PA*NBHH(K)/1,622: REH ROOH vApOUR pRESSURE kpa.
1=NT(K)+2?3
PS=89. 63-7512/1r, 024"1-t. 165E-05*1^2-1, 28IE_06*T^3+2. lE_1lxT^{

-t?.15*LOC(T)
6330 Ps(K)=¿XP(PS)

9340 N¿ïRH(K):Pç/Ps: RE¡r NEH RooH RELATTVE HUH¡DrTY (å).
6350 NEXÎ K
6360 REH ROUÎ¡NE HHICH RE-ASSICNS VAAIABLE VALUES63?0FonK=I1o2
6380 nH(X):NEPRH({)
6390 NEXT X
6{ 00 îR( 3,0 ) =rR( 3,1)
6 410 TR(3,1):ì{EN13
6420 RETUNN
TOOO REM SUEROUÎINE IIHICH FOR},I.{îS THE THO HEADING LINES FOR THÈ FILE?010 LsEl DlE¡=SÎRJ(REC) | LSET T¡fB3=srnl(sEî_r) : LSEÎ Ta(r)=;ti8Rop,,:LSET 1$(2)

=,'NURSERy"¡ LSET V3(3)=',1oTÀL',: LSEl Ta(3)=".r.HBIEN1'ì
?020 FOR C:110 4¡ LSET Ql(C)=CHng(34)¡ NEXÎ C
?030 ¡0R c: I lo 2i LSET Rt(c)=" ": LSET v$(c)=,, ,,rNExr c?040 LSET REl$=cHR¡(13)¡ LsET Lpt=cHRg(10)
?050 loR v = 110 8r LSET Dr(V)=,' ',r NEXT v
?O60 PUT å2¡I
70?0 LSEÎ DTES=" D^îE"¡ISET T¡tEa=" IIMEI:LSET 1S(r)=" TErlp"iLSEÎ nS(1)=', RH"

ILsET vt(1):rr vENTr:LsET TJ(2)=" rEMp,'rLsET Rj(2)=,,nH,,rLsEt vr(2):!, vENT!,
?080 LSET V¡(3)=" VENT".LSEÎ Ît(3)=" TEHP',
?090 FoR c : I To 4: LSET eô(c)=CHRS(3{)r ¡iEXT c
?100 fOR V = t 10 8¡ LSET D$(V)=,' r: NEXT V?lI0 LSE¡ REl$:CHRS(t3) | LSEÎ Lr¡=CHR!(10)
7120 Pul t2,2
? 130 REîURN
7140 REH SUBROUÎINE h'llICH PUÎS lHE CALCUL¡,TED VALUBS ONTO DISK
715 0 LSET DIES=D.{ît
7160 LSET TMES=TI¡tt
?I70FoRß=1102
?180 LSET 1a(K)=sTRa(NÎ(tt))
?190 LSET RS (¡( ):sIR¡ ( RH ( X) )7200 LSET vi (K) =sTRa ( vsEN(¡( ) )
7210 xBxl x
?220 LSB! vg(3)=sTRt(vsEN) ¡ LSEI T$(3)=STRS(T(5) )?230 ¡oR c = 110 4¡ LSEÎ QS(C):CHR!(34): NEXÎ C
?2.i0 ¡OR v = I TO 8t LSEI D3(V)=,, ": N¿XT V
7250 LSET RElt:CHRI(13): LsEl LFs=CHRS(tO)
?260 PUl S2, r
?2?O REÎUNN
7280 REM SUBROUÎINE HHICH EOR}IAIS THE HEA¡INC LINE FOR I,IISSINC D¡.T¡,
7290 LSET DTEI="HlSSINC,,:LSET TüE$:STRJ(SEI-t)
7300 FoR c = 1î0 4i LSEÎ QS(C).CHRi(34)r NEXÎ c
?310F0ÊK=11o2
?320 LsET 1S(K)=',
?330 LSET Rt([)="
7340 tsEl v$(ra)=',
?350 NEXî t{
7360 Ls[T Yt(3)=¡ ',: LsEr TS(3)="
7370 rOR V = I TO 8: LSET Dg(V)=,' ,': N¿XT V
?380 LSET RETi=cHRg(13) | LSET LFi=cHRt(10)
?390 PUf É2, r
74OO REÎURN
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IO RETI SOL-AIR JANUAnY 24 ,198820 REH PROGR¡'].I HHICH RZADS A}IBIENTI AND OUÎLET ÎEMPER]{ÎURE DAT,T, AND COHBTNES
THEII HITH SOLAR RA¡¡AIION DÂÎA TO CALCULATE THE SOI,-AIR lEMPERA1URE.

30 REH lHE SOL-ÀIB îE¡'PERAIURES ÂRE C^LCUL^?ED IOR THE ROOF , E^SÎ , SOUTIÌ 
^ND 

RESî
HALLS. (SOL-AIR IEI1PERAIURE TOR lHZ NORÎH HALL IS ASSUIIED EQUAL TO lHB
¡ÏBIENl T¿}tPZRÂTURE).

40 REII 1H8 SOLAB R^DIATION INCIDEI{I ON lHE VÁRIOUS SURFACES IS C.{LCULÄTED USINC
C¡,NAD¡AN CLI}IÂTT NOR}IÁLS DATA, ÄIiD lHE INCIDENÎ AND ZENITH ANCLE FOR THB
CORRESPOND¡NC SURFACE.

50 sL:. ?649rcL=, 6441t ss(0)=. 3162:cs(o)=. 948?:B(0)=. ?
60FORX=1To3
70 ss (X ) = 1¡ cs(x):0: Þ (X):.4
80 HEXT X
90 cc(0)=I:sc(0)=0:cc(1)=o:sc(1).1:cc(2)=1tsc(2)=orcc(3)=0rsc(3):-l
lOO KEY OF8
IlO RE},f ROUTIXE RHICH ASSICNS SOLAR INÎENSITY VALUES TO ÀN ARRAY
120 DrH RÀD(5,24 )
I30FoRI=lTO5
1{0 FoRJ:0îo23
150 READ R.{D(r,J)
160 NEXÎ J
l,?0 NEXÎ I
I8O REII *'II** SOLIR RâD. DÁîÀ FOR THE MONîH OF },1ÄY
190 DÂTA 0,0,0¡0¡,05,,32,.?4,1.21,1,65,2.0L,2,27,2.39,2,35,2,2L,1.94,r.5?¡I.j.5,

.?1,.3,.05,0,0,0,0
2OO RIH ***** SOL¡,R F.Â.D, DATA POR lHE HONÎH OF JUNE
210 DAîÁ 0,0,0,.01,.12,.45,,88,1,36,t,78,2,13,2.38,2,5L,2,47,2,90,2,02,1.68,1..2?

, .85 ¡ .43, . 12 , ,01¡ 0,0,0
220 REH **T.I SOI,TR RåD. D¿{TA FOR lHE I{ONIH O! JULY
230 D^ÎÂ 0,0,0,0¡.09,.4,.85,1.34,1.8,2,19J,44t2,56,2,55,2,4,2,09tL71,L,28,,82,

,39,.08,0,0,0,0
240 8E¡f Xi.*¡X SOLâR RÀD, DAIA FOR THE HONTH OF ÀUCUSÎ
250 DAÎA 0,0,0,0,.01,,18,.59,1.0?,1,52,L,81 ,2,LL,2,25,2.25,2.08,1.81,1,45,1,02,

,5?,.1?,,01,0,0,0,0
260 REll **tx* soLåR R]tD. DATA FOR THE MOltlH OF SEPTEHBEn x***x****i1r'r*****r.**,È
2?0 DAîA 0¡0,0,0,0¡,02,.23¡,63,1.0?t1.44t1.67,1,??,1,76¡1.61,1.34¡.9?,.58,.20,

.02,0,0,0,0,0
280 REM ROUîINB I{HICH RECALLS lHB DATÀ FROÌ,I THE STOR.ACE rILE
290 ¡NPUT i'INPUT DAl¡, FILENAIIE,';FILEa
300 oPEN "R",+1,,'c: "{FtLEa+"!pnNi,,88
310 FIELD å1,1 

^S 
Qll,10.ÀS DÄTt,l AS q23,1^S a3$,8 AS Tr¡li,t As Qát,{o As

DUHa,8 AS SENI(6),8 ÀS SENI(7),8 AS SEN$(8),2 ÄS DrjH26
320 OPEN iR" 

, å2 , "C l SOL-^IR, pnN",80
330 FIELD 32,1 AS ei(1),10.{S DA¡,1 AS A$(2),1.{S q5(3),8 AS 1r5,1 Às Ql({),8 ÄS

T3(0),8 
^s 

Îa(r),8 Äs 1¡(2),8 
^s 

rs(3),8 As 13(4),8 Äs Ît(s),8 As r3(6),1 ,rs
REl$,l 

^S 
Ltl

340 CEt | 1,1
350 REC = VAL(D^T3 )
360 cosuB 940
3?0FoRI:210REC
380 cls
390 cET f 1,r
400 LocATE 12,6:pnINT ,'COMPUTER PROCR:IH IN PROCRESS"
410 LOCÁ18 25¡l0tpRINr "nEcoRD l¡'I¡', oF";REC;,, RECOnDS,'
{20 IF DÁÎ9:i'MISSINC " THEN GOSUB 1010
430 rrors=vÂL(HrDt(DAr3¡1,2))r JOUn=v^L(MrD$(D^TS,4,2))r HEURE=vAL(MrD$(1rH$,r,2)

) | AlrB=(v¡.L(sENt(7) )+v?rl(sENS(S) ) )/2
440 IP rfoIs <> 5 coTo {60
450 N=JOUR+120 i E=4
460 tr ì,fols <, 6 co10 480
41A N:JOUR+I51iE=l
480 tF ll0ls <> 7 co10 500
490 N=JoUR+181:E:-5
500 rE HOIS <> 8 CoTO 520
5I0 N:JoUR+2121E:-5
520 IP t10IS <> I COTO 540
530 N=JoUR+243 | E=4
5{0 ¡F }rols > 4 AND ¡íOIS < 10 COTO 570
550 PRINT ¡PROCRá]I IS }IOT VALID FOR ÎHAî HONTH"560 CLOSE I END
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5?0 DECL:23, 45*slN(2*3. 14r59*(, 9863*(284+N) )/360)
580 cD.cos(2*3.14159¡.(DECL/360)): SD=SrX(2*3.14159i,(DECL/360))
590 SollrHE=HEUnEr(E-28. 93)/60
600 H=2*3. t4I59r(t5*(12-SOLTTìlE) )/360i CH=CoS(ìt) ¡ SH=StN(H)
6IO REIÍ CALCULATION OP INCIDENCB AND ZT}iIÌH ANCLES ¡OR EACH OP lHE EXÎERIOR

SURFACES,
620 POR J=0 10 3
630 K(J):SDTSL*CS(J)-SD*CL*SS(J)*CC(J)1CD¡clxCS(J)*CH+cDxsLrss(J)rCH*CC(J)+

cD'ss(J )*sHxsc(J )
6{0 }¡EXT J
650 z: cD*sL+ cD¡ÌcH*cL
660 REM ROUÎINE IIIIIC}I INTERPOLÂîES THE SOLAR n.¡,DIÀIIOI{ VALUE FOR ÎHAÎ PÀNTICULAR

DÄY.
6?O IF JOUR: 2I THEN H=RåD(HOIs-4,HEURE)icoTo ?90
680 IF N)1?2 ÁND N<202 COTO ?{0
690 ¡r JOUR ) 21 CO10 ?20
?OO I1=R.{D(MOIS-5 ¡ HEURE ): I2:RAD(íOIS-4,HUURE)
?10 H: ( ¡2-r 1) * ( JoUR+ t0 ) / 31+ t 1: cOTo ?90
i20 II=n.^D(HOIS-4,HEURE): I2 = RAD( HOI S- 3, HEURE )?30 H: ( I2-r 1)* (JouR-21) /31+ r 1: coTo ?90
?40 rF JOUR < 21 COTO ?70
?50 I1=RAD(Ìtols-4,HEURE):I2:R D(HoIs-3,HEURE)
?60 H: ( r 2- r I )*( JouR-21) /30+ r 1r colo ?90
770 I1=R.{D(MoIs-5,HEuRE):t2:R D(ltoIs-4,HEURE)
?80 H= ( I2- t 1) x( JoUn+9 ) /30+ r
?90 EoR (:0 1o 3
800 H (x ) =Hr2? ?.8*K(x ) / z810 SoL(X):AHB+B(X ) *H( K) /23
820 ¡lExl x
830 SoL(4 ):AHB
840 Ls¿Î DÂi=DAT! ¡ LSET 1I!=lIHi
850 FoR X = l TO 4TLSET Q!(X)=CHRa(34)TNEXT X
860 LSET REl$:CHRS(13)! LSET LF$=CHRS(10)
8?0 FoR X = 0 To 4i LsEî Tt(x)=sTRS(soL(x)):NEXT x
880 LSET T3(5)=sTRa(ÂllB) I LSEI Tt(6):sEN3(6)
890 PUT å2,I
900 NEXÎ r
910 closE
920 cls¡ LocArE 12,6:pRIIf "CoÌ|PUTER PFOORÀH FtNISHED"
930 END
940 REM SUDROUÍTNE I{HICH S,{VES THE HEADINC FOR ''SOL-¡.IR,PRNII
950 LSET D¡,!=STRS(REC) :LSET 1I6:îIH¡
960 FoR X: 110 4:LSET Qt(x):cHRi(34):NEXT x
9?0 LSET T¡(0)." ROOF": LSET Tt(I)=" EÂSÎ',: LSET 1S(2)=" soUîH,'¡LSET 1S(3)=

" lrEST"! LSET TS(4)=', N0RîH,': LSEl 1$(5)="ÁJrBrENT,'¡ LSEl 1S(6)=',OUTLEÎ,,
980 LSET RETú=cHRi(34) | LSET LFi=CHRS(10)
990 PUr {2,1
1OOO RETURN
TO1O REH SUBROUîINE HHICH PLACES }IISSINC DÂTA FLAC INÎO THE NEH DAîASET.
1020 LsEr DA3=D,{TS. LSEI 1I$=lIHt
1030 FoR X = I To 4: LSET e¡(x):cHRS(34)r NEXT x
1040 PoR x = 0 To 6i LSET Tt(X)=" f: NEXT x
1050 LSEÎ RElt=CHRS(13): LSET LFS=CHBa(10)
1060 PUî â2,I
10?0 nElUnX 900
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l0 REM HE^ISI,8AS sEPÌ, 10, 198?
15 REH LÂÎEST REVISION: JAN.29, 1988
20 REH PROCRA}I IIRITT¿N TO CALCULATE THE DAILY IIEAN VALUES OF SOL-AIR AND A]ÍBIENl

TEHPER,llURES.
30 REM VÀLUES 0F EXPOSURE REL^TED SOL-AIR îrüp'S ÁRB Î^KEN FROÌi SOL-^IR.pRN, ÄND

TH8 DÀILY HEANS ANE CALCULÁîED.
40 NEH THE NEII DAÎASEÎ IS SîORED IN THE TILE MEANSP1,PRN.
50 KEY OTP
60 OPEH "Rr', * 1, "C ¡ SOL-AtRt. pRN,,,30
?0 oPEN "R", | 2, "C: ¡ÍEANSpl. pRN",136
1¡0 rIELD å1,1 

^S 
Qr9,10,rS DATS,1 AS Qza,t ÀS q3$,8 AS TIìrS,1 

^S 
Q43,8 AS TS(0)

, I As 13(1),8 AS T¡(2),8.{S T¡(3)¡8 Às Tr(4),8 As Ts(5),s As Ta(6),r As REr!,
I ÁS LFS

120 FrELD t2,I AS Q$(1),r0 Ás D^t,1 As Q3(2),1 
^S 

ai(3),8 ÀS Trs,l AS Q3(4),8 AS
s¡(0)¡8 As lta(0)

130FORr=1106
1.10 FIELD å2,(22ì16*I) As DtltMYS,S As s3(r),8 Ås Mt(r)
150 NEXÌ r
160 FIELD f2,13{ ÀS DU¡Î.ly$,1 

^S 
RETS,l âS LFS

1?0 J=l
180 cET 11,1
190 REC = vÁL(DÂ19)
200 IF J r nEC CoTO 810
21.0 CET gl, J: ¡=l
220 sET=vAL(1luS )
230 cosuB 840
2{0 IIHILE I < SET OR I = SET
250rFr)8c0T0460
260 FoR X= 1 To 8
270 cET ål,x+(J-t)
280 FoRY=0Io6
290 Î(x,Y)=vAl(ri(Y))
300 NExl Y
310 NEXT X
320roRY=01o6
330 loRX=11o8
340 s (Y) = s (Y ) { 1(x, Y )
350 H(Y)=S(Y)/8
360 NEXT X
370 NEXÎ Y
380 cET Sr, J
390 ISET DAs:DAT3i LSET TIS=lIMs
400 FoR c=1. T0 4i LSET QS(c)=cHRi(34): NExl c
4I0 FoR c=0 lo 6i LSET st(c)=îl(c): LsEl ü¡(c):STRSût(c))i NEXT c
420 LSET RETS=cHRl(13) | LSET LFi=cHRi(10)
{30 PUT å2,Jr J:J+lr I=9
440 CLS: LOCATE I2,201 PnINT "RECORD d,,;J;,, OF,,;REC;" RECOnDST
450 coTo 240
460FoRx=2To8
470 Fon Y= 0 To 6
480 T(X-1,Y)=r(x,Y)
490 xBxl Y
500 NExl x
510 cEl f l, J+?
520 FoR Y=0 TO 6
530 1( I I Y) =vr,L(r$ (r ) )
540 NEXÎ Y
550 FoR Y=0 TO 6
560 S(Y)=0¡ M(Y)=0
570 FOR X= I 1O I
580 s (Y ) = s (T ) +1(x, Y )
590 NEXT X
600 H(Y)=s(Y)/8
610 }IEXT Y
620 cEr *1,J
630 LsET D.Al:D^Îil LSET TI3:llHa
640 FOR c=l TO 4: LSEI e$(c)=cHR$(34): NEXT C

650 8oR c=0 1o 6r LSET st(c)=TS(c): LSET Mt(c)= srR¡(M(c)): NEXT c
660 LSET RETi=CHRI(13)¡ LSET LFt:CHRI(10)
6?O PUT ë2,J¡ J:JT1:I:I+I
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680 CLS: LOCAÎE 12,20: PRINT
690 HEND

?OO REM CALCULá.TIONS TON THE HEÀNS ¡OR lHE LAST 8 RECONDS OP EACH SET
705 M.{RK=J
?10 POR X = HÁRK TO Il RKr6
720 cET 

'I,X?30 LSET DAi:DAÎ$ | LSEî TtS=TIM3
140 FoR c: l lo 4r LSET Ar(c)=cHRr(34)r NEXT c?50 poR c = 01o 6r LSET st(c):1¡(c): LSET ¡f3(C)=sTRi(H(C))r NEXT c?60 LSET RET!=CH83(13)i Ls[T LlS=CHR$(10)
710 PUT l2, X: J:JrI
780 CLS: LOCATE 12,20t PRINT,'RECORD å";J." OP"; REC; " RECORDS''
?90 NIXT X
800 c010 200
810 cl,s i Loc^18 12,20: PnINT
820 closE
830 END

.'COMPUÎER PROCRá]{ IS FINISHED"

840 REM SUBROUTINE THICH PL¡.CES THE H¿ADING LINES FOR THE DAîASET AI{D TIIE
suBsEls.

850 LSET Drq,3:DAT3: LSET lIi:lIHs
860 FoR c= l lo 4i LSET aS(c)=cHRt(34): N¿xT c
870 LsEl s$(0)=', RooF"i LSET s$(I)=" EAST"r LSET sS(2)=', souTH,,
880 LsET sS(3)=" llEsl,'! LsET sS(4)=" xoRTH',: LsET s$(5)=,,¡1¡¡¡¡1,,
890 LSET sS(6):r' oUTLEr"
900 POR C = 0 T0 6: LSEÌ Ht(c)=', Ì1!,{t{" ¡ NEXI C
910 LSET RETi=cHn3(13): Í.SET LF¡:CHRS(10)
920 PUT !2, J: J=Jrl
930 NEÎURN
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APPENDD( B

Program Variables Nomenclaf ure

Structure Parameters

AR Roof Area
AG(n) Gable Area
AC(n) Ceiling Area n= 1,2,3
AW(n) Wall A¡ea n=1,2,3
A[!V(n) Inside Wail Area n=1,2,3
P(n) længth of Floor Perimeter n=1,2,3

where; 1 = Farrowi¡g Rooms
2 = Nu¡sery Rooms
3 = Hall

UC
Itw
UR
UG
UFL
UTIV

PA
AF
TA
TAT

Animal Parameters

RH(n); System Relative Humidities n=0,1,2
where; 0 = Ambient

1 = Fa¡rowing Room
2 = Nursery

NA(n) Number of Animals n=1,2,3
SHEAT(n) Sensible Heat Production per Animal n=0,1,2
LHEAT(n) Latent Heat P¡oduction per Animal n=0,1,2

where; 1 = Sows
2 = Nursery
3 = Hall

Miscellaneous Variables

Ceiling Heat T¡ansmission Coeff,rcient
Exterior Wall Heat Tra¡smission Coefficient
Roof Heat Transmission Coefficient
Gable Heat Transmission Coeffìcient
Floor Heat Transmission Coefficient
Inside Wall Heat Transmission Coefficient

Atmospheric P¡essure
Airflow Rate
Ambient Temperature
Attic Temperature



Miscellaneous Variables (Continued)

T(n) Design Room Temperatures n4,1,2,3,4
where; 0 = Ambient Temperature

1 = Fa¡rowing Room
2 = Nursery Room
3 = Hall
4 = Outlet Temperature

DT3 Iteration Differential Temperature
KT3 Hall Temperature Array
KTATT Attic Temperature Array
PS(n) Satuation Vapour Pressure; n = 0 to 4
PW(n) Actual Vapour Pressure; n = 0 to 4
W(n) Absolute Moisture Content; n = 0 to 4
HS(n) Sensible Heat of Room; n = 0 to 4
HL(n) Latent Heat of Room; n = 0 to 4
I{T(n) Total Enthalpy of each Room; n = 0 to 4
SVOL(n) Air Specific Volume of each Room; n = 0 to 4
DEN(n) Air Density of each Room; n = 0 to 4
MAMB Mass flow of ambient air required
AMBVENT Volume of ambient air required
DLAT(n) Difference in latent energy between the hall and the rooms
WAT(n) Volume of air required for moisture controi
MFLOW Mass flow of required ventilation air
MTEMP Mass flow of Tempered air required
VTEMP Tempered Ai¡ Volume Required
PIPES Number of Pipes Required
PINC Pipe Increment
MAXTEMP Maximum Air Flow of System
MASS3 Mass of the control volume within the hall
VKI Sensibie heat of incoming air
VKJ3 Sensible heat of.hall contol volume
SMD( Sensible heat content of hall and incoming air mixture
NEWT3 Resultant hall temperature
VENT Ventilation Rate

Program Parameters

START Fi¡st Data File
LAST Last Data File
X Data Count
FILE$ Current Data File
FIIÆ2$ Current Output File
PN Number of Pipe to Model (1, 3, or 4)
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Program Parameters (Continued)

Pipe længth
Number of Pipes in the Simulation
Recalculation Flag for Hall Temperatures

Input Variables

PL
NPIPES
w

DA$
TI$
sEN$(n)

Input Date of Record
Ouçut Time of Record
Sensor Number n=6,7,8
where; 6&7 Ambient temperatues

8 Pipe Outlet Temperature

Output Variables

DTE$ Output Date of Record
TME$ Output Time of Record
TEMP$ Ambient Air Temperature
OUTIEMP$ Outlet Air Temperature
DQ$ System Heat Balance
VENT$ Total Ventilation Air Required
VT$ Total Tempered Air Supplied
VA$ Total Ambient Air Supplied
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APPENDIX C

Net Present Value and Cashflow Tables

Table Description Page

C-l Net present value for System 1 - Pipe 1, 29 m pipe lateral lengths.

C-2 Net present value for System 2 - Pipe 1, 20 m pipe lateral lengths.

C-3 Net present value for System 3 - Pipe 3, 29 m pipe lateral lengths.

C-4 Net present value for System 4 - Pipe 3, 20 m Pipe længths.

C-5 Net present value for System 5 - Pipe 4, 29 m pipe lateral lengths.

C-6 Net present value of System 6 - Pipe 4, 20 m pipe lateral iengths.

C-7 Net present value of a conventional system - No air tempering.

1-)

c-3

c-4

c-5

c-6

c-7

c-8
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