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ABSTRACT
MAXIMIZING POULTRY EXCRETA DEHYDRATION WITH
VENTILATING AIR USING A SIMULATION MODEL
By

John Elvin Dixon

The shift from an agrarian to an urban society along with
chemical fertilizers and high labor costs has focused attention
upon the need to manage animal wastes so as not to be offensive or
a hazard to the environment. Common methods of animal waste manage-
ment include use as a fertilizer, aerobic treatment, anaerobic
treatment, and composting. Many animal operations do not easily
Tend themselves to all, and in some cases none, of these waste
management systems because of economics, land limitation, or urban
encroachment. Some systems are also resource wasteful. Because of
these problems other waste management systems such as incineration,
pyrolysis, hydroponic culture, and drying are being evaluated by
researchers and innovative agriculturalists.

This study was undertaken to provide an analytical tool that
would help evaluate the feasibility of drying poultry excreta. The
tool was a simulation model designed to estimate the excreta drying
potential of mechanical ventilating systems commonly provided for

commercial egg production houses. The simulation model was based on
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psychrometric calculations in combination with constant-rate drying
theory.

The basis of the simulation model and the test facilities for
model verification was a commercial-type laying house at the Michigan
State University Poultry Science Research and Teaching Center, near
East Lansing, Michigan. The laying house had a capacity of approxi-
mately 5000 hens and was equipped with a three-tier cage system,
dropping boards, and under-cage mechanical scrapers for manure
removal. The laying house was fully enclosed, insulated, and equipped
with thermostatically controlled mechanical ventilation.

The system was managed as a small commercial unit. Feed and
water were provided by hand-filling continuous troughs along each
row of cages. Artificial 1ight provided a diurnal photoperiod of
14 hours. The thermostats were set to operate each of the four fans
in steps of about two degrees Fahrenheit and to maintain an inside
dry-bulb temperature between 55 and 60°F when possible. Manure was
scraped from the pens daily.

Psychrometric data collected on three summer days and two
winter days were used for verification of the simulation model.
Curvilinear regression curves for accumulated total moisture removed
from the poultry house and for accumulated moisture evaporated from
the manure followed their respective data points closely. Each of
the paired set of verification curves had the same general shape and
magnitude except for one of the low air flow winter days.

The critical factors for maximizing in-house manure drying

were the drying surface area and the manure drying rate. The larger
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the surface area the greater the drying. The simulation model
indicated that any system that would increase the manure drying sur-
face area would also increase manure drying. The drying rate was a
function of no less than seven variables. For a given material such
as poultry manure in a given poultry house, these several variables
were considered constant.

The variables which influenced the manure drying rate the
most were the inside wet-bulb depression and the ventilating rate.
The wet-bulb depression in turn was influenced directly by the
inside dry-bulb temperature and indirectly by the outside dewpoint
temperature. The ventilating rate was limited by the heat available.
Maximum drying was possible with a high inside dry-bulb temperature,
a low outside dewpoint temperature, and maximum air exchange. The
weather determined the outside dewpoint temperature, but management
practices and bird heat available influenced the inside dry-bulb

temperature.
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1. INTRODUCTION

1.1 General Remarks

The problem of handling, storage, and disposal of animal
manure has existed since the beginning of animal husbandry. Until
recent years distribution of domestic animals was extensive and the
manure along with other wastes was disposed of without problems
within the normal habitat of the animal. The earliest husbandrymen
were nomadic and the animal waste disposal systems consisted of natu-
ral distribution within the pasture and grazing areas. As the his-
tory of animal husbandry progressed with the more sophisticated
farming systems, the animals were concentrated on more confined land
areas. Prior to the mid-twentieth century, the number of animals and
the area of the land upon which they were kept was in reasonable
balance. The balance was such that the fertilizer value of the waste
was considered and treated as a resource for the crops grown on the
Tand.

The general availability and economic feasibility of chemi-
cal fertilizers for principal plant nutrients during the twentieth
century caused the crop farmers to shun animal manure as the primary
source of plant nutrients. At the same time animal production was
subjected to higher labor costs and the economy of scale brought
about concentration of large herds of animals in confined housing

systems. Large concentrations of animals created waste material






handling problems. What had been an asset and resource has now become
a disposal problem.

Disposal of animal waste should not, in fact, be the objective.
Rather, the raw product should be converted to a stable usable form
and removed from the point of production. Removal from the source in
an unstable form is often no solution, only a transfer in location.
The waste disposal problem with its associated air and water pollu-
tion problems still exists, but at a new location.

Historically, raw manure mixed with 1itter has been stored
in open stacks and periodically transported and spread upon the
land. Recently, the potential of air and water pollution has caused
constraints to be placed on operations of this type. The U.S. Envi-
ronmental Protection Agency has been established and given authority
to regulate operations that have the potential of creating pollution
and/or a nuisance.

With the encroachment of urban population onto agricultural
land, odors resulting from the storage, transportation, and spread-
ing processes often have been declared a nuisance. Furthermore, the
past practice of spreading raw solid or liquid manure upon frozen
ground has been curtailed because of stream polluting potential.
Frozen ground had the advantage of making fields easily accessible
during the winter and the cold weather minimized odors. This cur-
tailment has Ted to a search for new methods of treatment, storage,

and handling which minimize odors and water pollution.






1.2 Objectives

The principal objective of this dissertation was to develop
a vertified analytical tool for evaluating in-house drying of
poultry manure.

The secondary objective was to provide the basis for apply-
ing the simulation model tool for maximizing in-house poultry manure
drying. The base provided by this secondary objective will allow
manipulating design and management parameters such as building insu-
lation, minimum ventilating rate, bird density, and in-house tempera-

ture so as to determine maximum in-house drying of manure.

1.3 Waste Management Systems

In their publication pertaining to 1livestock-waste management,
Miner and Smith (1975) discussed various methods for treating,
utilizing, or disposing of manure. Commonly accepted methods of
utilizing or treating manure are: (1) use as a soil amendment and
fertilizer for plants, (2) treatment by an oxidation ditch, (3) treat-
ment by an aerobic lagoon, (4) treatment by an anaerobic lagoon or
holding pond, and (5) treatment by composting. Some experimental
utilization systems and treatment processes with 1imited use include:
(1) treatment by incineration, (2) treatment by pyrolysis, (3) use
in hydroponic culture, (4) treatment by the Barriered Landscape Water
Renovation System (BLWRS), and (5) treatment by drying.

Traditionally, as pointed out above, and as noted in these
publications, manure has been disposed of or utilized without "treat-

ment" as a soil amendment and fertilizer for plants. With the






increased animal density and larger herds and flocks of recent years,
manure treatment necessarily has required serious consideration.

It is possible to treat manure by several methods. Most of
these treatments involve some biological process. Sanitary engineers
have developed aerobic processes among others for municipal sewage
treatment. In the aerobic process oxygen-requiring microorganisms
are stimulated through appropriate enviornmental control to digest
the raw manure mixture and change it to a more stable form. Ulti-
mately, however, the various components even though stable, such as
water and sludge, must be disposed of some place. Sanitary engineers
also have used anaerobic processes. The anaerobic process involves
microorganisms too, but an environment must be maintained that
excludes oxygen. Again, after this primary treatment there is ulti-
mately a need for disposal of the sludge and impure water.

Both of the two basic biological treatment methods have been
and are being used for treatment of animal manure. The most common
aerobic systems for 1iquid manure treatment are oxidation in an
aerobic lagoon and oxidation through mechanical mixing. Anaerobic
systems being used are the anaerobic digester and the stabilization
pond (anaerobic lagoon). Each of these systems was discussed by
Miner and Smith (1975).

Composting is another aerobic treatment process. The process
differs from those mentioned above because the manure is treated in
or near the solid state. Composting of manure was discussed by

Singley et al. (1975), and Miner and Smith (1975).






The Barriered Landscape Water Renovation System (BLWRS)
treats animal wastes in the near liquid state. The principal objec-
tive of this system is to remove nitrogen and phosphorous from the
manure. These nutrients along with other solid constituents are
removed from the liquid by filtering through a specifically designed
and constructed soil profile. Erickson et al. (1971) described this
system.

Hydroponic culture has also been tried for removing nutri-
ents from animal wastes in the near 1iquid state. Systems of this
type also were discussed by Miner and Smith (1975). Two other methods
of processing manure discussed by Miner and Smith (1975) are incinera-
tion and pyrolysis. Incineration involves the complete combustion of
the manure. High moisture (above 60 percent) manures require an
additional fuel source to sustain the combustion. In their discus-
sion of this subject Davis et al. (1972) noted that it is possible
to salvage most of the potash and phosphorous in the ash for use as
fertilizer. The nitrogen can be salvaged as ammonia from the flue
gases. Sobel and Ludington (1966) noted that in the incineration
process the energy tied up in volatile solids is used in the combus-
tion of the organic portions of the manure.

The pyrolysis process involves holding the manure within a
temperature range of 480-1830°F in an oxygen-deficient atmosphere.
The products are gases (hydrogen, water vapor, methane, carbon
dioxide, carbon monoxide, ethylene, etc.), oils, and ash.

Drying of manure also was discussed by Miner and Smith (1975).

Drying of poultry excreta in fact has been discussed by several






writers. Ludington (1963) discussed dehydration and its economics.
Surbrook (1969) and Surbrook et al. (1971) evaluated drying poultry
and other animal excreta with a mechanical drier. Bressler and
Bergman (1971) described a system of drying with extra in-house cir-
culating fans located over the excreta collected under a sloping-wire-
floor type house. Stirring of manure was also included with the
"Bressler" system. With this system, Bressler and Bergman (1971)
reduced the manure moisture content in the house to values of from
23.8 percent to 50.5 percent. Gerrish et al. (1973) described an
in-house pre-drying system which used only the ventilating air of a
cage-type laying house and the periodic waste heat from a mechanical
drier and after-burner. Preliminary results from actual tests with
this system were presented by Flegal et al. (1974). Conclusions
were enumerated in subsequent reports by Sheppard et al. (1974),
Esmay et al. (1975a, 1975b), and Zindel et al. (1977).

Mechanical drying of excreta may be too expensive if the
amount of water to be evaporated with fossil fuel energy is great.
These drying costs can be offset to some extent if the dry manure is
processed for a feed supplement. Drying costs can be minimized by
removing as much water as possible in the poultry house before the
manure is mechanically dried. In-house water removal for poultry
manure was described by Esmay et al. (1975a). They showed that dry-
ing poultry excreta from its original voided moisture content of
approximately 80 percent wet basis (wb) to 12.5 percent wb required
the removal of 77.5 pounds of water for each 100 pounds of excreta.

(Approximately 100 pounds of excreta per day is produced by 370 hens.)






About one gallon of fuel oil would be required to evaporate the
77.5 pounds of water from the excreta using a typical fuel oil with
heating value of 144,000 Btu per gallon and a drier efficiency of
57 percent as found by Surbrook (1969).

Commercial laying operations may be from 100 to 1000 times
this size. A commercial egg producer, therefore, would have a daily
fuel requirement of from 100 to 1000 gallons per day, if all drying
was accomplished by the use of fuel oil. This approach is impracti-
cal and not used commercially. Under typical housing conditions
some drying of excreta by ventilating air takes place shortly after
it is voided and continues within the laying house during normal
operations. Results of in-house drying have been reported by Esmay
et al. (1975b), Flegal et al. (1974), Lampman et al. (1967), Sobel
(1972), Oheimb and Longhouse (1974), Dixon et al. (1976), and Zindel
et al. (1977). The drying or removal of water prior to mechanical
drying reduces the fuel requirement and thus its treatment cost.
Some system of maximizing in-house water removal is, therefore,
desirable. A mathematical model or simulation of the pre-drying

process would provide an effective analysis tool.






2. MODEL DEVELOPMENT

2.1 Definition and Explanation of System Modeled

The system defined by this study was the environment pro-
duced with a 5000 bird egg laying operating unit. The operation
unit was defined as the house enclosing the laying hens and the
equipment used to manage the operation. Inputs to the system con-
sidered to be most important to the model were the manure from the
birds, heat, and moisture. Outputs were moisture removed from the
manure and manure moisture content. Along with these inputs and
outputs there were other related inputs, i.e., feed, water, venti-
lating air, and hens. Associated outputs were eggs and ventilating
air. The interrelation of these inputs and outputs is shown in
Figure 2.1.

The simulation was based on a commercial-type, cage, laying
house. Figure 2.2 shows a floor plan of the laying house. Hens
were confined in wire cages with three hens per cage in alternate
rows and four hens per cage in the other rows. The cages were in
double rows three tiers high with manure dropping boards under the
top two tiers. Periodically the manure was scraped from the drop-
ping boards into the floor-pit beneath the bottom tier. A commercial,
cable-operated pit scraper was used to move the manure to a cross
conveyor, i.e., a conventional dairy-barn, gutter cleaner. Cleaning

was manually controlled on a daily basis for this study.
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Ventilation for the laying house was provided by thermo-
statically controlled exhaust fans in conjunction with a manually
controlled damper air inlet. The damper was so arranged that all
winter-time ventilating air was drawn through the attic. This
arrangement allowed for a relatively constant inside temperature
except during summer and extremely cold weather. No supplemental
cooling or heating was provided. This system was discussed exten-
sively by Gerrish et al. (1973).

The primary measure of effectiveness was the amount of water
removed from the manure in the house by the ventilating air. The
moisture removed from the manure is a function of the drying rate,
exposed surface area, and the drying time. The effect of the water
holding capacity of the ventilating air and the heat energy from the
birds was accounted for when calculating the drying rate.

The manure moisture content, which was a function of the
moisture removed, was another means of expressing the effectiveness
of the simulation. Perry et al. (1973) defined moisture content of
a solid as the ratio of the moisture quantity per unit weight of the
dry or wet solid. When the wef-so]id weight is used as the ratio
base, it is referred to as moisture content, wet basis. The moisture
content, wet basis, is the quantity used in the simulation.

The manure moisture content (wet basis) was calculated from
the above definition by first calculating the water removed from the
manure. To calculate the water removed for a given weather condi-
tion and cage laying house, the inside dry-bulb temperature and

ventilating rate werefirst determined. For normal operation the
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inside temperature was set between 55 and 60°F and the ventilating
rate was estimated by solving a heat balance equation. With the
inside temperature and ventilating rate known or estimated, the
inside wet-bulb temperature was determined and from this the drying
rate was calculated. The water removed from the manure was calcu-
lated by multiplying the drying rate by the manure surface area and

the lapsed time of manure exposure to the ventilating air.

2.2 External Environment and System Parameters

Certain parameters must be known or assumed for the simula-
tion. For the system discussed here these were (a) outside air
psychrometrics, (b) the quantity and moisture content of the excreted
material, (c) the physical parameters of the building and ventilating
system, and (d) the poultry operation management practices including
number and weight of hens housed.

Data from the U.S. Weather Service provided the base infor-
mation for the needed psychrometric data for the outside air used for
ventilation. The appropriate weather service data were given as the
barometric pressure, the maximum and minimum dry-bulb temperature,
and a dewpoint temperature for a day. Average values as prepared
by the Weather Service were used as representative of a day in a
given month for the analysis of drying within a month. For analysis
of annual effects of weather upon drying, average monthly data from
the Weather Service were used as a representative day for a given

month.
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The model was constructed to make calculations based on a
fraction of a day. For the simulation calculations it was there-
fore necessary to make an estimate of the weather situation at
various times throughout a given day. Phillips (1970) formulated
equations which estimated the temperature function as it varies with
time through a day. His function was

for 0<t<6

T= Tm+R2 (1+cos((t+18)/30)7)),
for 6<t<15
T =T, *R, (1+cos((t-12)/18)7)),
for 15<t<24
T = T,#R, (T+cos((t-30)/30)7)),
where T = outside dry-bulb temperature, °F,
T_ = minimum outside dry-bulb temperature,
R2 = one-half outside temperature range, and
t = time, hours per 24-hour clock.
Phillips also states that the dewpoint temperature can be considered
constant for the day but this was not found to give a reasonable
estimate of the dewpoint temperature as measured. A more reasonable
estimate of the dewpoint temperature for East Lansing was found by
calculating a linear regression equation for the dewpoint temperature
based on the dry-bulb temperature. The data used for the regression
calculations were the data collected for verification of the model.

The results of this calculation were






de =6.48 + 0.8Xy,

where de = dewpoint temperature, °F, and

)(db = dry-bulb temperature, °F.

The correlation coefficient for these data was 0.98. With the
above equations and pertinent weather data, it was possible to
calculate all needed psychrometric quantities for the incoming ven-
tilating air. The equations and data needed for these psychro-
metric calculations were available through a package of algorithms
developed by Bakker-Arkema and Lerew (1972). The psychrometric
quantities in this package were: dry-bulb, wet-bulb, and dewpoint
temperatures; enthalpy; absolute humidity (humidity ratio); latent
heat; actual and saturation vapor pressures; relative humidity; and
specific volume.

The moisture content of the freshly voided excreta has been
determined by Esmay et al. (1975b) to be 80 percent (wet basis). The
excreta produced by laying hens consisted of 0.272 pounds per hen-
day of freshly voided excreta at 80 percent moisture content.

The physical and operational parameters will vary with each
installation. The needed quantities for the simulation are listed
in Table 2.1 along with appropriate units of measurement for use in

the simulation model.

2.3 Hypothesis for Drying Manure

The drying rate of a specific material gave a characteristic
which was used to estimate the water removed from the substance. As

will be noted later, determination of the theoretical drying rate
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required knowledge of the drying air temperature, humidity, and
velocity plus specific material characteristics. Heat balance theory
and the theory of moisture balance in ventilating air Tend themselves
to esfimating the temperature and humidity of the air in the system.
The hypothesis was that these theories can be combined through a com-
puter simulation to estimate the water removed from manure in a

poultry laying house.

Table 2.1. A listing of parameters requiring numeric definition with
appropriate units of measurement.

Parameter

Units of Measurement

bird number

bird weight

building ceiling height
building length

building width

day, end of

day, start of

excreta moisture content

excreta production rate
insulation, ceiling "R"
insulation, wall "R"
lighting energy

ventilating rate, maximum
ventilating rate, minimum
waterer length

waterer surface width

hens
pounds
feet
feet

feet
hour
hour
decimal fraction

pounds/hen-day
hour-square feet-°F/Btu
hour-square feet-°F/Btu
watts

cubic feet/minute
cubic feet/minute
feet
feet

2.3.1 Drying Theory

Perry et al. (1973) presented a discussion of solids-drying

fundamentals. From this it was noted there were two principal types
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or periods of solids-drying: the constant-rate period and the
falling-rate period. As the name implies, the rate at which drying
occurs during the first period was constant while that in the second
was not. When a plot was made of the drying rate versus time, there
was a sharp change from a horizontal Tine curve to an exponential
curve with negative slope at the point of this rate change. This
point has been called the critical moisture content.

It was apparent by unit analysis that the amount of water
removed from a drying material would be obtained, if the drying
rate, m_, were known, i.e.,

water removed = mrAe,

where m, = constant drying rate, 1bs/sq ft - hr

A = surface area, sq ft, and
6 = time span, hr.

If the period of drying were the falling rate period, the
equation must be used in its more general form, i.e., as a differ-
ential equation, and the term, m.> can be better represented by
dW/de, where dW is the differential quantity of water removed in
time period, do.

Perry et al. (1963, 1973) presented formula to estimate
dW/de for the constant-rate period and the falling-rate period.
Only the constant-rate period was of interest in this presentation.

Perry et al. (1963, 1973) stated that the constant drying
rate can be estimated as

t
where dW/d6 = drying rate, 1b of water/hr,

dw/de = hyA(t-t2)/x = kA(pg-p)s
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total heat transfer coefficient, Btu/hr
-sq ft -°F,

surface area, sq ft,

latent heat of evaporation at ts', Btu/1b,
mass transfer coefficient, 1b/hr-sq ft-atm,
dry-bulb temp, °F,

temperature of evaporating surface, °F,
vapor pressure of water at surface temp,
atm, and

partial pressure of water in the air, atm.

Wells (1972) referenced Perry et al. (1963) and stated (Bagnoli

contributed to the Chemical Engineers' Handbook by Perry et al.),

"The use of the heat transfer coefficient is preferred in
estimating drying rates because they are usually more reliable
(Bagnoli et al., 1963). Small errors in temperature have
negligible effect on the heat-transfer coefficient, but do
introduce relatively large errors in partial pressure esti-
mates and hence in the mass transfer coefficient.

The critical value to determine in evaluating the drying

rate was the heat transfer coefficient, ht' Perry et al. (1963)

stated that hy = hc’

heat was transferred

he

where hC

o
1

a,m,n =

the convective heat transfer coefficient, when

by convection only. They also gave the formula
n,,m

oG /Dc’

convective heat transfer coefficient, Btu/hr-

sq ft -°F,

mass velocity, 1b/hr-sq ft,

= a characteristic dimension, ft, and

constants.
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Perry et al. (1963) suggested the value, G, be determined from the
relationship: weight rate of flow divided by the cross-sectional
area. Perry also pointed out that the value, Dc’ for a plate can be
represented by the length of drying solid over which the air-stream
passes. From the discussion and examples used by Perry et al. (1963)
and by Wells (1972) it was apparent that m = 1-n and that these
constants along with o were specific to a material and drying con-
ditions.

Wells (1972) ran extensive laboratory tests involving the
drying of poultry manure. Although he did not calculate the con-
stants, o and n in the equation for hc’ he provided measured values
for the "evaporation heat required," temperatures, velocities, etc.
so that these constants could be determined. Dixon et al. (1976)
and Dixon et al. (1978) evaluated these data for the constants. For

American Engineering Units they found them to be:

n = 0.4029 and o = 0.1222.

2.3.2 Heat Balance

Since the equation, dW/de"= htA(t—t;)/A, was to be the basis
for determining the drying rate, a means of estimating the tempera-
tures, t and t;, was necessary. The dry-bulb temperature, t, was
that of the air passing over the drying manure. The temperature of
the evaporating surface, t;, can be taken as the wet-bulb temperature
of the air according to Perry et al. (1973). Wells (1972), however,
in work involving the drying of poultry manure found the surface

temperature to be 0.5°C higher than the wet-bulb temperature. Since
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the wet-bulb temperature was used for calculating the drying rate
parameters, n and o, the wet-bulb temperature was used for t;. The
dry-bulb temperature was a predetermined inside temperature, between
55 and 60°F, unless the weather was extreme. For extreme weather
conditions the dry-bulb temperature was estimated from a heat balance
analysis of the laying house. A moisture balance analysis provided
a means to estimate the wet-bulb temperature. The assumption was
made that the dry-bulb and wet-bulb temperatures of the outgoing
ventilating air were representative of the air that passes over the
manure being dried within the laying house.

The basic equation for sensible heat balance was given by
the Structures and Environment Handbook (1975) as

Qs+0b+Qa+Qe+Qm+Qv =0,
where Qs = supplemental heat, Btu/hr,

Qb = heat flow through exterior building surfaces,

Btu/hr,

Qa = sensible heat from housed animals, Btu/hr,

Qe = heat from moisture evaporated or condensed,
Btu/hr,

Qm = heat from mechanical systems and lighting,
Btu/hr, and

QV = heat from temperature change in ventilating air,

Btu/hr.
Each of the elements in this equation, except Qs and Qm’ was a func-
tion of the inside temperature. When the physical parameters of the

building, the management practices, and flock size were defined, it
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was possible to estimate the inside temperature. To make this esti-
mate the exterior environmental temperature and psychrometric char-
acteristics were necessary as well as an iterative technique for an
approximate solution of the heat balance equation. The result of the
solution to the heat balance equation gave a function from which the
temperature was estimated. An appropriate iterative technique, the
Newtonian convergence, was used by Phillips (1970). The convergence
was based on Newton's method (Smith et al., 1947) for finding roots
of a function, f(x). Through some means, an estimate of a root, x;,
was made. By evaluating the function at X1s the equation for the
tangent-1ine through X was written as

y = flxg) = £10xq) (x-x).
This line intersected the x-axis when y = 0. Solving the tangent-
line equation for x with y = 0 gave

x = xq = fx)/F'(x),
a new estimate of the root. The process was repeated until an
acceptably small error was obtained. Phillips (1970) adapted Newton's
method to a digital computer for evaluation of a heat balance function

as follows:

tn+1=tn'f't)’

where tnﬂ = new approximation to the solution,

t = previous approximation value,

f(tn) = net heat flow across system boundaries at
temperature tn’ and
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f'(t ) = first derivative of f(tn) which was determined
by the following central finite difference

approximation:

f(t +0.1) - f(t_- 0.1)
) s =0 W
n 0.2
2.3.3 Moisture Balance
The basic equation for moisture balance of the ventilating

air was adapted from the Structures and Environment Handbook (1975)

as follows:
My + M.+ M+ M -M =0,

where M0 = moisture in incoming ventilating air, 1bs/hr,

Mr = moisture from animal respiration, 1bs/hr,

Mm = moisture evaporated from manure, 1bs/hr,

Mw = moisture evaporated from waterers, 1bs/hr,
Mv = moisture in outgoing ventilating air, 1bs/hr.

This equation assumes there was no water spillage or other
evaporating surfaces.

The equation indicates each element, except Mv’ added mois-
ture to the ventilating air. Since the mechanical ventilating system
kept the air inside the laying house turbulent, the humidity of the
inside air was assumed to be that of the moisture in the outgoing

ventilating air, M .

\ The equation was, therefore, solved for Mv to

obtain the moisture in the outgoing ventilating air in terms of
pounds of moisture per hour.
When the ventilating rate was known, the humidity ratio was

calculated as follows:
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H= Mv/Vr,
where H = humidity ratio, 1bs of water vapor/lb of air,
V. = ventilating rate, pounds of air/hour, and

M, = (previously defined).

2.4 Mathematical Models of Subsystems
The following paragraphs present the basis for evaluation of
each element in the heat balance and moisture balance equations.
Since the element, Mv’ in the moisture balance equation was the sum
of the other elements, it will not be discussed further. Some ele-
ments were determined directly from given data or assumptions. Esti-
mates for others required more rigorous calculations and some required

the use of approximation techniques.

2.4.1 Supplemental Heat, Qg
The system as defined had no supplemental heat. As a result

this quantity was assigned the value zero.

2.4.2 Heat Flow Through Exterior
Building Surfaces, Qp

The heat flow through exterior building surfaces, Qb’ was

determined from the following sum:

% = 9y * e * Ibs?
where Y = heat flow through the building walls, Btu/hr,

b

heat flow through the building ceiling, Btu/hr,
and

Qs = heat flow through the building floor, Btu/hr.
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Esmay (1969) presented the following equation as a means of
estimating a steady state heat flow through a composite of materials:
Q = UA(t;-t),
where Q = overall heat flow, Btu/hr,
U = overall coefficient of heat transmission, Btu/hr-
sq ft-°F,
A = area normal to direction of heat flow, sq ft, and
ti and to = inside and outside temperature, °F.
The value, U, was determined from the equation (Esmay, 1969):

u=1/ (1/f0+L1/k]+L2/k2+...'I/a+'|/f1.),

where L], Lz, ... = thickness of respective material, inches,
k], k2, ... = thermal conductivity of respective mate-

rial, Btu/hr-sq ft-°F/in,

a = thermal conductivity of an air space,
Btu/hr-sq ft-°F, and
f1. and fo = the inside and outside surface conduc-

tance, Btu/hr-sq ft-°F.
The general equation was adapted to the poultry building and
gave the equations
gy = ApuUpu(ti~to) and
Gpe = Achbc(ﬁi'to)’
where the subscripts "bw" and "bc" represent the building
walls and building ceiling, respectively.
Phillips (1970) developed an equation to estimate the heat

loss from a concrete floor slab in a poultry building, Qs
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The equation was

U = KsP Ape(tpemtpg)s

where kS = inside surface heat transfer coefficient,
Btu/hr-sq ft-°F,

portion of floor exposed to environment, decimal

o
"

fraction,

Abf = floor area, sq ft,

tbf = surface temperature of floor, °F, and

tbo = environmental temperature adjacent to floor, °F.
In the presentation of his work, Phillips (1970) found the value of
ks to be 1.65 Btu/hr-sq ft-°F for a concrete floor slab in a poultry
house. The variable, p, was more explicitly defined as that portion
of the floor not covered by manure. In the development of this
equation for use in a simulation he suggested the floor surface
temperature, tbf’ be assigned an initial value equal to the mean
outside temperature for the day plus 5 degrees. This value was
approximately equal to the mean expected interior temperature for
the day and was intended to eliminate long-term storage effects.
Subsequent values were determined by means of the equation

(thfdnew = (toelorq™ape/ (0-25CAyeMye).

where = slab temperature for next time period,

(tbf)new
deg F,

(tbf)o]d = slab temperature for present time period,
deg F,

C = specific heat of floor, and
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Mps = mass of one square foot of slab plus mass
of sufficient fill below the slab to make
up a total thickness of 10 inches.

In evaluating Ty ¢ he suggested four inches of concrete plus six
inches of sand be assumed for all simulations. This yielded a mass
of 120 1bs. per square foot of floor space.
2.4.3 Sensible Heat of the

Animals, Qa

Phillips (1970) developed a mathematical model for the sen-
sible heat, Qa’ from laying hens using data from Ota and McNalley
(1961). The data used by Phillips were used for this simulation
(see Table 2.2). The data were interpolated by using the computer

subroutine entitled TABLI as developed by Llewellyn (1965).

Table 2.2. Heat production at various levels of ambient temperature
for S. C. White Teghorn hens (Phillips, 1970).

Ambient Sensible Heat Latent Heat
Temperature (BTU/Hour (Lb)) (BTU/Hour (Lb))
K Day Night Day Night
26 1% 6.9 4 1.6
34 8.3 6.8 23 2.0
47 7.3 6.1 2:3 1.9
56 6.6 53, 3.2 2.6
64 6.5 5.1 353 2.2
74 =2 3.4 2.0
84 6.3 3.6 4.2 3.5
94 74 .6 5.3 4.7
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2.4.4 Heat from Evaporated
Moisture, Qe
The heat used to evaporate moisture, Qe’ was determined from
the latent heat of vaporization definition (Weast, 1970). This
definition yielded the equation
Qg = -Why,
where W = weight of evaporated moisture, 1bs, and
h] = the latent heat of vaporization, Btu/1b.
2.4.5 Heat from Mechanical and
Lighting Systems, Qpm
Phillips (1970) calculated the energy added to the laying
house system through mechanical and electrical means, Qm’ from the
equation
Q_ = CAK,
where C = the conversion factor 3.413 Btu/watt-hour,
A = the floor area of the laying house, sq ft, and
K = the energy input per unit area, watts/sq ft.
The total lighting energy, AK, was determined by summing the wattage
of all the lights. The mechanical energy was small and neglected.

2.4.6 Heat from Temperature Change
in Ventilating Air, Qy

Since all latent heat effects in the ventilating air were
accounted for in Qe’ the term QV accounted for sensible heat effects
only. The sensible heat change in the ventilating air was, there-
fore, the sum of the change in heat of the air, LI plus the change

in heat of the water vapor within the air A’ Ta€%:
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Q = Gya*dyy
The equation for the change in heat energy of the dry ventilating
air, Qyq> Was adapted from the definition of heat capacity as noted
by Weast (1970) such that
Aa = Maca(t'['tz)’
where Ma = mass rate of ventilating air, 1bs/hr, and
Ca = the heat capacity of air, Btu/1b-°F.
In a like manner the equation for the change in heat energy of the
water vapor in the ventilating air, Q> Was determined to be
Ay = Mvcw(tl-tZ)’
where Mv = mass rate of water vapor in ventilating air,
1bs/hr,
C = heat capacity of water vapor, Btu/1b-°F, and
t:1-t2 = temperature change of the air and water vapor
mixture, °F.
The water vapor mass rate, Mv’ was calculated from the relationship
(Esmay, 1969),
MV . NMa,
where W = humidity ratio of the mixture, 1bs of moisture/
1b of dry air, and
Mv and Ma = (as previously defined).
Combining these equations gave

Q

e Ma(Ca+NCw) (t:1 -tz) .






28
2.4.7 Moisture in Incoming

Ventilating Air, Mg

The moisture in the incoming ventilating air, Mo’ was deter-
mined from given or assumed data about the weather. From these data,
a dry-bulb and dewpoint temperature was generated for a specific
time of day as discussed earlier. The outside dewpoint temperature
was assumed to be constant at the reported value for that day except
at times when the dry-bulb temperature was less than this value. For
that situation and time the dewpoint temperature was set at the dry-
bulb temperature. These temperatures along with the ventilating rate
were used to calculate the moisture in the incoming air, Mo’ as

Mo = Mawo,
where wo = the humidity ratio of the incoming air as deter-
mined from psychrometric relationships, 1bs of
moisture/1b of dry air, and
M, = (as previously defined).
2.4.8 Moisture from Animal

Respiration, M.

The latent heat in respired air from laying hens, 01, was
determined from data presented by Ota and McNalley and adapted by
Phillips (1970). An equation for the moisture from animal respira-
tion, Mr, was written from the definition for latent heat as given
by Weast (1970). The equation was

M. = Q/hy,
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where h1 = the latent heat of vaporization at the body tem-
perature of a laying hen, Btu/1b, and
Q; = latent heat from housed animals, Btu/hr.

2.4.9 Moisture Evaporated from
Manure, My

The moisture evaporated from the manure, Mm, was calculated

from the water removal equation:
Mm = Ammme I,

where Am = surface area of the manure, sq ft,

Mo = constant drying rate of manure, 1bs/sq ft-hr,

6 = (as previously defined), and

I = moisture evaporated due to manure energy level
when voided.

Since the modeled system scraped the manure from the dropping
boards daily, the boards were covered with wet manure. The dropping
board surface was therefore used as the manure drying surface in the
simulation model.

The method for calculating the constant drying rate of
manure, m , was discussed in section 2.3.1.

The wet-bulb temperature for use in that equation was deter-
mined by use of the Newtonian convergence procedure discussed in
section 2.3.2. The hypothesis was that the sum of initial venti-
lating air moisture content plus the moisture added to the air while
passing through the poultry house was equal to the final moisture
content. The Newtonian convergence equation was

F(x) = WytE, + R - Wy,
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where wo = humidity ratio of outside air,

En

moisture added per unit weight of ventilating air
from drying manure,
E = moisture added per unit weight of ventilating air

from the waterers,

o
"

moisture added per unit weight of ventilating air
from bird respiration, and
wi = humidity ratio of the outgoing ventilating air.
The units for all terms were pounds of moisture per pound of dry air.
The moisture evaporated due to the manure energy level as
voided, I, was calculated from the equation
= a3/hys
where q; = heat given up by the manure, Btu, and
h] = latent heat of vaporization at average temperature
difference, Btu/1b.
The heat given up by the manure, q;> was calculated from the equation:
a5 = WCplty-ts)
where W = weight of manure produced during one iteration,
1bs.,
C_ = specific heat of manure, Btu/1b-°F,
th = hen body temperature, °F, and
t. = laying house temperature, °F.
The hen body temperature was defined as 107.1°F by Esmay (1969). The
specific heat of the manure, Cm, was estimated to be 0.87 Btu/1b-°F.
This estimate was made by noting the voided manure moisture content

was 80 percent and that water has a specific heat of one. The dry
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matter specific heat was estimated at 0.35 Btu/1b-°F by averaging
the specific heat values of cellulose, clay sand, silica, wood,
sugar, steric acid, and Urea as given by Perry et al. (1973). A
weighted average of the two values was then used for the value
of cm'
2.4.10 Moisture Evaporated from
Waterers, My
The moisture evaporated from the waterers, Mw’ was calcu-
lated from the water removal equation discussed previously. With
appropriate subscripts the equation becomes:
Mw = mwAwe,
where m, = mass flow rate of water from a free surface,
1bs/sq ft-hr,
A = surface area of waterers, sq ft, and
= (previously defined).
The surface area of the waterers, Aw’ was determined by
measuring the surface area of each waterer and summing these areas.
Calculation of the mass flow rate of water vapor from a free
surface, m, was calculated from Stefan's law. Holman (1963) inte-
grated the equation for the law and presented the equation:
Dp.w A
Myt = RZ?(TZ'H) an(py/py)s
where Mot = the total mass flow of water, 1b/hr,
D = diffusion coefficient, ftz/hr,
Py = barometric pressure, psi,

w_ = molecular weight,
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A = area, sq in,

R0 = universal gas constant, 1b-ft/1b-°R,

T = temperature of environmental air, °R,

X, = elevation of vessel rim, ft,

X = elevation of water surface in vessel, ft,

p, = partial pressure of the air outside the vessel,

psi, and
Py = partial pressure of the air at the water surface,
psi.

The value for the mass flow rate of water vapor, My> Was
determined by dividing the above equation by the area, A. Weast
(1970) gave a value for the diffusion coefficient, D, as 0.239
sq cm/sec at 8°C and Holman (1963) gave a value of 0.256 sq cm/
sec at 25°C. The value used for D was that calculated by interpo-
lation using the poultry house dry-bulb temperature. The molecular
weight of water and the universal gas constant were given by Holman
at 18 and 1545 1b-ft/1b-°R, respectively. Holman (1963) noted the
partial pressure of the air at the water surface, py> was the baro-
metric pressure minus saturated water vapor pressure while the air
vapor pressure, p,, Was the barometric pressure minus the ambient air
water vapor pressure. The saturated water vapor pressure was deter-
mined from the inside dry-bulb temperature and the ambient air water
vapor pressure was determined from the inside dry-bulb and wet-bulb
temperatures using the psychrometric algorithm discussed earlier.

The difference in elevation, Xp™Xqs Was estimated from onsite
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measurements and the barometric pressure was obtained from weather

records.

2.5 Outline of Computer Program

The theory and mathematical algorithms discussed above were
incorporated into subroutines for computer computation. In the simu-
lation these subroutines were activated and controlled by a main or
executive program. A flow chart of the executive program is shown
by Figure 2.3 and a listing of the computer program is presented as
Appendix A.

The computer program was set up to either operate in a veri-
fication mode based on actually recorded input ventilating air con-
ditions or a simulation mode based on U.S. Weather Service type
information. This being the case, the first step of the model
determined the mode and number of days to be simulated from input
data.

The first operation for starting the simulation of daily
drying was to initialize or numerically define the fixed parameters.
This was followed by determining the appropriate psychrometric
values for the outside air at one-hour intervals for the specific
day. The coldest outside temperature at which the inside pre-
determined temperature can be maintained was then determined. Next,
the simulation determined the daily amount of excreta produced.
With these data available the simulation started the iterative pro-
cess and determined the amount of excreta produced up to the time of

the specific iteration. The next step was to specify whether it was
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"daytime" (1ights on) or "night time" (lights off) for the specific
iteration so the correct metabolic and mechanical heat production
would be determined.

These operations were followed by two questions of logic
involving the outside dry-bulb temperature. With the first the
outside dry-bulb was compared with the pre-determined inside tem-
perature. If the outside temperature was higher, an inside higher
temperature was calculated. If the outside temperature was Tower,
a second question of logic determined if the outside temperature was
Tess than the previously calculated outside minimum temperature.
When the outside temperature was less than this minimum, a lower
inside temperature was calculated. When the outside temperature
was between these values, the inside temperature was set at a pre-
determined value. Each of these branches in the simulation required
a different calculation sequence.

Maintaining the pre-determined inside temperature was done
by varying the ventilating rate. This rate was determined for each
iteration. An initial guess ventilating rate was made and the cal-
culated rate was determined by the Newtonian convergence procedure.

When the outside temperature was higher than the pre-
determined value (summer conditions) the ventilating rate was set
at its maximum and the inside temperature was determined. Again
the Newtonian convergence technique was used. This required an
initial guess for the inside temperature with subsequent determina-

tion of the inside temperature.
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When the outside temperature was less than the coldest out-
side temperature which will allow maintenance of the pre-determined
inside temperature, the ventilating rate was set at its minimum
value. With this ventilating rate (winter conditions) the inside
temperature was determined using the same technique as for summer
conditions.

With the appropriate inside temperature and ventilating
rate, the drying rate was calculated and subsequently the quantity
of water evaporated from the manure and waterers for the specific
iteration was determined. These values were added to like quanti-
ties from previous iterations. The moisture content of the manure
at the end of the iteration was calculated also at this time in the
simulation sequence. The last regular step of the iterative
sequence was to file or store the results of the calculations.

At the end of the iteration the time was checked. If it
was midnight, weather data for the next day were read and psychro-
metric data for the outside air were calculated for the new day.

If appropriate, the process was repeated for the next iteration.
When the iterative process was complete, results from the moisture

content and water removed calculations were printed in tabular form.






3. MODEL VERIFICATION

The model was verified by operating a commercial-type cage
laying house from October, 1973, through January, 1975. At various
times throughout this period psychrometric data were collected for
analysis. The principal data collected were dry-bulb and wet-bulb
temperature and the ventilating air-flow rate. Data were collected
to make a moisture balance of the ventilating air flowing through
the poultry house. The moisture added to the air in the poultry
house section of the building was partitioned into respired moisture
and moisture added from drying. The moisture from drying was cal-
culated as the difference between the moisture added and respired
moisture. As noted earlier, the respired moisture from the chickens
can be calculated from the equation:

M. = Q;/hy
and the latent heat output, Q], from chickens can be found from data
by Ota and McNalley (1961). These data (see Table 2.2) were used in
conjunction with the latent heat of vaporization, h], to calculate
the respired moisture, Mr'

The moisture from drying came from two sources: drying of
the manure and evaporation from waterers. Calculations of moisture
removed based on psychrometric data were made from data collected
every 30 minutes. The purpose of the psychrometric data collection
and analysis was to determine the moisture in the ventilation air as

39
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it passed selected locations in the poultry house during a 30-minute
period. The moisture added to the air while passing between these
locations during the 30-minute period was then calculated by dif-
ference.

For verification the water removed from the poultry house
as determined from the collected data and as determined by the simu-

Tation model were compared.

3.1 Experimental Facilities and Equipment

The floor plan of the experimental facilities is illustrated
by Figure 2.2. The operation of the experimental facilities was the
same as described earlier.

A11 temperature and air velocity data were collected with an
instrument manufactured by Information Instruments, Inc. The tem-
peratures were measured with thermister sensors; one dry and one with
a cotton wick kept wet with distilled water from a continuous source.
The air velocity was measured with revolving, 3-cup anemometers.

The results of these measurements were transferred electrically to

a central point and recorded on paper tape. The equipment was pro-
grammed to collect data for about 3 minutes two times each hour,
resulting in 5 to 7 data records every 30 minutes of operation. The
instrument was designed to record temperatures in degrees Celsius.
Since some temperatures for outside air were expected to be below 0°C
and the paper tape had no provisions for recording minus tempera-
tures, the instrument was calibrated with an off-set of about 28°C.

A special circuit was built to give consistently the electrical
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equivalent of 0°C. This circuit was connected to one of the tem-
perature stations and served the following three functions: (1) a
defined source for the offset when processing the data, (2) a com-
pensator for minor electrical variations within the instrument, and
(3) a known temperature source for checking the equipment during
operation.

Raw data from the paper tape were processed and placed on
a magnetic tape stored at the Michigan State University Computer
Center (Tape No. LTT 5319). The stored data consisted of: (a) clock
time of acquisitioned data, (b) temperature data, (c) anemometer
counts for air velocity, and (d) a range factor for the velocity
counts. The equipment was capable of measuring the temperature at
60 locations and the air velocity at 8 locations during a 30-second
cycle. There were 71 pieces of data stored on the tape for each
time designation but only 3 velocity count locations and 12 tempera-
ture locations were needed for this study. The date of data acquisi-
tion was identified by reference to a name assigned to each file of
paper-tape data placed on the magnetic tape. A hard copy listing of
the data was made immediately after the data were stored on the mag-
netic tape. The paper tapes were stored as a back-up data source.

The quantity of ventilating air passing through the poultry
building during a 30-minute data-collecting cycle was determined by
calibrating the poultry-house ventilating system against the velocity
count readings obtained from the recording equipment. The calibra-
tion was made by using a hot-wire anemometer to measure the air

velocity at 64 locations in the drying tunnel just before the
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ventilating air entered the exhaust fans. The velocity measuring
procedure followed that recommended by the ASHRAE Guide and Data
Book (1965). When making the calibration, one of the five venti-
lating fans was operated while all other fans were inoperative.
During this period the recording velocity-count equipment was oper-
ated and the velocity was measured with the hot-wire anemometer.
Six sets (replications) of velocity-count records and hot-wire ane-
mometer data were collected. The beginning time and ending time of
each data set were noted so that the velocity-count data and the
hot-wire anemometer data could be paired. This process was repeated
five times, but each time an additional fan was made operative. The
velocity-count data collected during the time required to collect
the hot-wire anemometer data were averaged and paired with the
average velocity as found by the hot-wire anemometer. The final
result was five pairs of data with six replications. A linear
regression analysis was made of these data pairs. The resulting
equation was

Y = 54.4838 + 0.2569x,

where Y = ventilating air velocity, feet/min, and

x = number of counts as recorded on the paper tape.
Not all of the ventilating air passed by the hot-wire anemometer
Tocation because of a clearance hole around the manure removal
conveyor. This was accounted for by making a separate calibration.
The hole was divided into five representative parts. Each part was
measured and its area calculated. The procedure of replications,

fan activation, and recording equipment operation was repeated but
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only one hot-wire anemometer reading was taken for each area. This
reading was multiplied by the respective area, resulting in a flow
rate with units of cubit feet per minute. This flow rate was paired
to an average of the velocity counts as before. These data pairs
were analyzed by a linear regression analysis, which resulted in the
equation
y = 229.467 + 1.059x
where y = flow rate of ventilating air through hole, cfm, and

x = (as previously defined).

3.2 Experimental Procedure

3.2.1 Psychrometric Data
Collection and Analysis

Psychrometric data were collected by measuring representative
dry-bulb and wet-bulb temperatures of the ventilating air at various
locations in the poultry building. These locations are designated
on the floor plan in Figure 2.2 as I1, 12, I3 for the incoming air,
and 01, 02, and 03 for outgoing air from the laying house. The
ventilating air velocity measurements were made at locations 01, 02,
and 03. The analysis was based on the premise that all drying was
done with the ventilating air. It was also assumed that the differ-
ence in total added moisture in the ventilating air between any two
measuring locations was added from one or more of the following
sources: (a) drying of the manure, (b) respiration from the chickens,
and (c) evaporation from the watering troughs. Other sources were

assumed negligible. 1In cases of water spillage from the waterers
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or other sources, the collected data were discarded from the analysis.
A further assumption was that the data collected at the end of a
30-minute period were representative of the conditions during that
period.
The difference in total moisture in ventilating air between
two locations expressed as an equation is
P, =P. =P
where Pa = the moisture added to the ventilating air during
movement from location j to location i, 1bs., and
P.,P. = moisture in ventilating air at location i and j,
respectively, 1bs.
The equation for the flow rate of moisture in ventilating
air was given by Esmay (1969) and modified to read
Mi = Mawi,
where Mi = the moisture flow rate at location i, 1bs. of
moisture/hr,
M, = mass flow rate, 1bs of air/hr, and
W. = the humidity ratio of the air at location i, 1bs
moisture/1b of dry air.
The results of this equation were multiplied by a lapsed time to
yield the total moisture in pounds, i.e.,
Py =Moo
where 6 = lapsed time, hours, and
P and Mi = (as previously defined).
The collected data were used to estimate the true values of Ni’Ma’

and 6. The humidity ratio, Ni’ was calculated from algorithms
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prepared by Bakker-Arkema and Lerew (1972) using the dry-bulb and
wet-bulb temperature data. The processing of these temperature

and velocity-count data was done by a computer program prepared for
that purpose. Data gathered during a specific 24-hour or Tonger
testing period were treated the same by the program. Minor adjust-
ments in station number designations were sometimes required when
processing data from different testing periods because of malfunc-
tions of the temperature-measuring equipment. A data record (71
pieces of data) was read from the magnetic tape and, when appropriate,
the clock time set equal to variables defined as the time for data
immediately preceding data being processed, the first time reading
of the calendar day, and the time of the beginning of the 30-minute
programmed cycle of data collection. The readings from those sta-
tions recording dry-bulb and wet-bulb temperatures and velocities
were combined with another instrument reading cycle and averaged by
summing and counting each individual reading. The two instrument
recording cycles were combined into one 60-minute calculating cycle
by processing only the hour and ignoring the minute portion of the
time record. Only those readings not equal to zero were summed and
counted. The results of this process yielded an arithmetic average
of the readings taken at a specific location during a one-hour cycle.
The readings for the electrically preset offset temperature were
processed in a Tike manner. If during data collection or upon
reviewing the collected data an equipment malfunction of one of the
data-collection stations was observed, the data from that station

were set equal to zero. The effect was to eliminate those data
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from consideration. The temperature data were collected as paired
data; e.g., at Station I1 there was a dry-bulb temperature and a
wet-bulb temperature, at Station I2 the same things, etc. These
averaged data pairs were checked for the larger value and inter-
changed if the "wet-bulb" was larger than the "dry-bulb." This
switch was necessary to accommodate the idiosyncrasies of the psychro-
metric algorithms and the data-collecting equipment. In theory the
two temperatures can be equal, but the wet-bulb temperature cannot
be larger than the dry-bulb temperature. During freezing weather no
true wet-bulb temperature of the incoming air was recorded because
the water supply would freeze and damage the equipment. Since under
freezing conditions the humidity ratio is very low even at 100 per-
cent relative humidity, saturated incoming air was assumed by allow-
ing the dry-bulb and wet-bulb temperatures to be equal. The elec-
tronics of the equipment was not precise enough, however, to signal
exactly the same temperature to within one-tenth of a degree. The
result was that the recorded wet-bulb temperature was sometimes
slightly larger than the dry-bulb temperature. After the comparison
check and switch, if needed, the dry-bulb temperatures and the wet-
bulb temperatures of each location were averaged; i.e., the dry-bulb
temperatures at locations I1, 12, and I3 were averaged and the wet-
bulb temperatures at locations I1, I2, and I3 were averaged, etc.
The result was one dry-bulb and one wet-bulb temperature to represent
10 to 14 readings in the ventilating air stream taken simultaneously

at three locations over two time periods of about 3 minutes.
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The algorithm for calculation of psychrometric data was
prepared for use with American Engineering Units. Because of this,
all calculations were made with these units. Since the temperature
data were collected in metric units, they were converted to degrees
Fahrenheit and degrees Rankine after the offset factor was sub-
tracted from the averaged number representing temperature. The
dry-bulb and wet-bulb temperatures, expressed in degrees Rankine,
were combined with U.S. Weather Service data for the barometric
pressure at East Lansing, Michigan, to determine the humidity ratio
of the ventilating air.

The value for the velocity-count, x, for use in the two
equations derived by linear regression analysis was obtained by
averaging the velocity-count data collected at locations 01, 02,
and 03. The processing of the velocity-count data was carried out
simultaneously with and similarly to the processing of the tempera-
ture data; i.e., the 10 to 14 readings at each location were averaged,
then the averages fromthe three locations were averaged. The result
was one arithmetic average velocity-count for those data collected
during the one-hour calculating cycle.

The flow rate of the ventilating air through the poultry
house for each one-hour cycle was calculated from the equation

q =AY +y

where q = poultry house air-flow rate, cfm,

A = cross-sectional area of the drying tunnel, sq ft,
and

Y and y = (as previously defined).
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To obtain the mass-flow rate, Ma’ the volume-flow rate, q, was
multiplied by 60 minutes per hour and divided by the specific volume
of the ventilation air as calculated from the outgoing dry-bulb and
wet-bulb temperatures, i.e.,
M, = 60q/v,
where v = specific volume of ventilating air, cu ft/1b,
and
M, and q = (as previously defined).
The computer program calculated the lapsed time from recorded
data thus:
6= tm - tk
where tm = clock time at the end of the currently processed
data cycle, hours, and
tk = clock time at the end of the previously processed
data cycle, hours.
For the specific poultry house the area, A, was equal to 49.5 square
feet. Combining this area with the above analysis into one function
and rounding to 5 significant figures yields
Py = (tm-tk)(w].-wj)(1/v)(826.53x+175,580.),
where all variables have been previously defined.
This function expresses the moisture added to the ventilating air

in terms of the recorded data and psychrometric terms calculated

from recorded data.






49

3.2.2 Simulation Model Evaluation

The model was evaluated by comparing a performance variable
as determined from measured data to that same variable as calculated
by the simulation model. The ultimate performance variable to com-
pare was the evaporation from manure during the test day. Another
performance variable was the total moisture removed from the poultry
house during the test day and a third performance variable was the
evaporation from the poultry house during one specific hour of a
test day. Of these the total moisture removed from the poultry
house during the test day was determined with the least amount of
intermediate calculation from the collected data. As a result it
was used extensively in the initial verification comparisons.

It was necessary to adjust the simulation model to give
results similar to the collected data. During this period of evalua-
tion, it was found useful to compare initial input values and inter-
mediately calculated values. A1l of the comparisons were made
graphically by using appropriate peripheral equipment in connection
with the computer. The effect of this capability was that approp-
riate calculated data from the verification measurements could be
combined with comparable calculations from the simulation model and
plotted to form a graph for review.

The principal input variables for the model were dry-bulb
temperature and dewpoint temperature. Other input variables were
considered constant for a specific day. Intermediate values of

interest were: humidity ratio of incoming air, dry-bulb temperature
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of out-going air, dewpoint temperature of out-going air, humidity
ratio of out-going air, incoming and out-going humidity ratio dif-
ference, and air flow through the poultry house. Examples of
comparison graphs for each of these variables versus time are pre-
sented in Appendix B. The values calculated for each of the inter-
mediate variables helped evaluate errors in the simulation model.
After operating the simulation model and comparing the graphical
results, adjustments were made in the model. Following the adjust-
ments it was operated again and compared. This process was continued
many times. Each time it was necessary to make comparison graphs
for most, if not all validation test days. As noted above, the
principal basis of performance evaluation was the graph of total
moisture removed from the poultry house during the test day. (See
Figure 3.1 for an example.)

The evaporation from manure during the test day for the
verification data was calculated by difference. As explained earlier,
the psychrometric data and the air flow measurements provided the
information to calculate the amount of moisture added to the air as
it passed through the poultry house. The results of these calcula-
tions provided the total moisture added to the ventilating air.
Since the sources of added moisture were the moisture from drying
manure, the surface of the waterers, and the respiration from the
hens, the moisture from the drying manure could be calculated as
the difference from the total added moisture and the other two
sources. The estimates used for the moisture from the waterers and

from hen respiration were as calculated from the evaporation equation
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(section 2.4.10) and the respiration equation (section 2.4.8),
respectively. The calculated value for the moisture from the dry-
ing manure was further modified by uniformly distributing the error
between the verification data and the simulation data among the
three sources of added moisture. This modified value was used to
prepare the "data" 1line on the graphs of evaporation from manure
during the day. (See Figure 3.2 for an example.)

The simulation model performance acceptability was a quali-
tative judgment based upon how well the curve of a specific variable
versus time matched the shape of the verification (collected data)
curve. The individually paired data point values were also con-

sidered in the performance acceptability evaluation.

3.3 Verification Results

3.3.1 Summer Conditions

Data collected during three summer days were suitable for
use as verification data. These data were obtained August 12, 13,
and 20, 1974. For each of the three days, performance variable
graphs were prepared. The graphs, prepared with the simulation model
in its acceptable form, are presented as Figures 3.1, 3.2, 3.3, 3.4,
3.5, and 3.6. Simultaneously a tabulated graph was made of manage-
ment factor, design, and input values used in the simulation. These

tabulations are presented in Appendix C.

3.3.2 Winter Conditions
Data collected during two winter days were suitable for use

as verification data. These data were obtained January 6 and 7, 1975.
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As with the summer data, performance variable graphs were prepared.
Similarly, tabulations were made of management factor, design, and
input values used during the simulation. The graphs are presented
as Figures 3.7, 3.8, 3.9, and 3.10. The tabulations are in Appen-
dix C.

It should be pointed out that certain winter condition adjust-
ments were required of the simulation model to accommodate a unique
situation of the experimental poultry house. When operating the
mechanical dryer it was found necessary to have at least one of the
main ventilating fans in operation to prevent combustion gases from
entering the laying hen portion of the poultry house. As a result,
the minimum ventilating rate in the simulation model was increased
to include this effect during the time of mechanical drying on the
appropriate verification test dates. This was done by adjusting the
minimum ventilating rate to that actually measured on the verifica-

tion test date.

3.4 Discussion of Verification

A review of the graphs showing the accumulated total mois-
ture removed from the poultry house during the day, i.e., Figures 3.1,
3.3, 3.5, 3.7, and 3.9, showed that the "data" curves and the "simu-
lation" curves followed very closely their respective data points. A
comparison of the paired curves also showed the general shape of the
curves to be similar. It was noted, however, that the curve shapes
were better matched for the summer data than the winter data. When

comparing the departure of the paired curves it was noted that the
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curves for the date August 13, 1974, had the greatest deviation for
the summer data and that for January 6, 1975, for the winter data.
For August 13, 1974, the largest deviation occurred at the twenty-
fourth hour of the day, i.e., when the ordinate values were the
largest and thus the accumulated error was the largest. As noted
from Table 3.1, the numerical difference of the plotted data points
was 282.09 (2977.10-2695.01) pounds of moisture. For January 6,
1975, the largest difference occurred at the fourteenth hour and
was 420.87 (1035.19-614.32) pounds of moisture. With the "data"
value as the base, the errors for the two extreme values were 9.5
and 68.5 percent, respectively. There is no known explanation for
the large deviation in the January 6, 1975, graph. The only known
different management practice on that date was that the mechanical
dryer did not operate. Some of the difference might be attributed
to measurement error, however.

A review of the graphs showing the evaporation from manure
during the day, i.e., Figures 3.2, 3.4, 3.6, 3.8, and 3.10, showed
that the "data" and the "simulation" curves followed very closely
their respective data points with the possible exception of the
"data" curve for January 6, 1975. For this graph there was con-
siderable variation between the plotted points and the curvilinear
regression curve. When comparing the paired curves, it was noted
that each pair involving the summer data was more nearly the same
shape than those of the winter data. Some of this difference in
appearance can be explained by noting that the scaled length for the

ordinate of the winter data was less than one-half the scaled length
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of that for the summer data. It was also noted that the paired
curves for the data of January 6, 1975, were not well matched.
Although no reason for this discrepancy was found, it was noted that
the data points for the "data" curve for this date seemed more ran-
dom than all other curves.

Some of the difference in the paired verification curves
might be attributed to measurement error. Several factors are
involved with measurement error including accuracy, sensitivity,
response time, and readability. For the most part, the magnitude
of these factors is 1imited by the specific measuring equipment.
Accuracy can be checked by a calibration procedure and can often be
adjusted as was the case for the equipment used for this study.

The specific measurements made in this study were dry-bulb tempera-
ture, wet-bulb temperature, and air speed. The measurement of each
contributed to measurement error but this discussion has been limited
to the readability of the dry-bulb and wet-bulb temperatures and
their effects upon the "data" quantity graphed in Figures 3.1, 3.3,
3.5, 3.7, and 3.9. This quantity is the total moisture removed

from the poultry house.

The readability of temperature was limited by the paper tape
recording equipment to the equivalent of 1.8°F. Information approp-
riate for January 7, 1975, was selected to illustrate the extreme
effects of an error of one readability unit, i.e., 1.8°F, upon the
graphed "data" quantity. For that date the average inside air tem-

peratures were 55.80°F dry-bulb and 50.47°F wet-bulb. The average
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incoming air temperatures were 37.00°F dry-bulb and 35.98°F wet-
bulb. Also for that date the average ventilating rate was 8388
cubic feet per minute. If the readability error potential is added to
or subtracted from these average temperatures to give inside tempera-
tures of 55.62°F dry-bulb and 50.68°F wet-bulb and incoming tempera-
tures of 37.18°F dry-bulb and 35.82°F wet-bulb, the humidity ratio
change was the largest possible. For the smallest humidity ratio
the dry-bulb and wet-bulb temperatures were 55.98, 50.32, 36.82,

and 36.12°F, respectively. For a one-hour period at the average
ventilating rate and the large humidity ratio difference, the total
moisture added to the air would be 105.7 pounds. For the low humidity
ratio difference the total moisture added to the air would be 84.9
pounds per hour. The difference between these two values, 20.8
pounds per hour, can be called the average range of readability
effect upon the total moisture removed from the poultry house. The
"data" quantity graphed in Figure 3.10, however, accumulates over a
24-hour time period. For the extreme case the readability error
would also accumulate over the 24-hour period and be equal to 501.2
pounds of moisture. Table 3.1 shows the difference between the col-
lected data and the simulation model on January 7, 1975, to be 274.7
(1983.50-1708.83) pounds after 24 hours. This is less than 501.2
pounds. Calculations for the data collected on the other dates
showed similar relationships. This indicated that the "simulation"
quantity graphed by the figures fell within the envelope formed by

measurement error variation.
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Figure 3.1. Accumulated total moisture removed from the poultry house

during the day of August 12, 1974. The two curves result
from curvilinear regression calculations based on the two
separate sets of data.
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Figure 3.2. Accumulated moisture evaporated from the manure in the

poultry house during the day of August 12, 1974. The two
curves result from curvilinear regression calculations
based on the two separate sets of data.
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Figure 3.3. Accumulated total moisture removed from the poultry house
during the day of August 13, 1974. The two curves result
from curvilinear regression calculations based on the two
separate sets of data.






110.00

1p0.00

LBS  w10'
89.00 90,00

50

50.00  ep.00 0.

FRAOM MANURE OURING THE OA
9.0

59

3

i X X X 2. ES
oo 2.00 V.00 8,00 2,00 m'n%XnEﬁfﬂonuu#sw thoo  1b.oo  2b.00 00 00
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poultry house during the day of August 13, 1974. The two
curves result from curvilinear regression calculations
based on the two separate sets of data.
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during the day of August 20, 1974. The two curves result
from the curvilinear regression calculations based on the
two separate sets of data.
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Figure 3.6. Accumulated moisture evaporated from the manure in the

poultry house during the day of August 20, 1974. The two
curves result from curvilinear regression calculations
based on the two separate sets of data.
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4. RESULTS FROM MODEL USE

The simulation model was operated four times using average
weather data. Each simulation operation was selected to typify the
amount of manure-drying that might occur in a poultry house near
Lansing, Michigan, during (1) winter conditions, (2) summer condi-
tions, (3) spring conditions, and (4) throughout the year.

The data averaged for the first three simulation operations
were the dry-bulb and dewpoint temperatures for the 10-year period
1968 through 1977. Weather for the month of January was used to
represent winter conditions, the month of July summer conditions,
and the month of April represented spring conditions. Since the
model calculates the moisture removed from the manure on a daily
basis, a dry-bulb and dewpoint temperature was required for each
day of the representative month. The 10-year average for the spe-
cific day was used and calculated from National Weather Service data
(U.S. Department of Commerce, 1977a). For the calculations repre-
senting the manure drying throughout the year, representative weather
data in each month of the year were selected. The representative
data were the average dry-bulb and dewpoint temperatures for each
month of the year as determined by the National Weather Service
(U.S. Department of Commerce, 1977b) for Lansing, Michigan.

The results from operating the simulation model are pre-
sented graphically with two graphs for each operating condition.
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The first graph shows the moisture removed from the manure each day
of the month as calculated by the simulation model. The same graph
also shows the corresponding dry-bulb and dewpoint temperatures as
determined from weather data. The second graph shows the manure
moisture content for each day of the month and the same correspond-
ing dry-bulb and dewpoint temperatures. The graphs for January are
presented as Figures 4.1 and 4.2, for April as Figures 4.3 and 4.4,
and for July as Figures 4.5 and 4.6. Graphs for the year as a whole
are presented as Figures 4.7 and 4.8. The same basic pattern was
used for the year as a whole graphs as those for the individual
months. The data from which the graphs were prepared are presented
as Tables 4.1, 4.2, 4.3, and 4.4. Table 4.5 lists the management
factor, design, and input values used for operating the simulation
model.

A review of the graphs indicated more moisture would be
removed from the poultry house and more manure drying would occur
during summer months than in other seasons. This seemed reasonable
and was expected. When comparing the summer conditions to the winter
conditions in the poultry house, there was more ventilating air and
the air had a larger potential moisture-holding capacity during the
summer. For example, the average ventilating rate at noon as calcu-
lated by the simulation model for the month of July was 20,400 cubic
feet per minute and for January was 5,410 cubic feet per minute.
Similarly, the average potential evaporation of the air for July was
103.7 pounds of water and for January was 74.5 pounds of water.

(The potential evaporation was calculated as the difference of the
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of January as calculated by the simulation model.
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Table 4.1. Manure moisture removed and moisture content for a
typical month of January as calculated by the simulation

model.
MANURE MANURE AVERAGE AVERAGE
DAY MCISTURE MCISTURE DRY-BULB DEWPCINT
OF QEMOVED CONTENT o TEMPZRATURE, TEMPERATUKE,
MONTH POUNNS PERCENT DEGREES F DEGREES F
1 533.4 68.1 19. 14,
2 437.9 68.8 21. 17.
3 47641 69.2 22. l1e.
4 52G.1 67.3 17. 13.
5 565.0 65.8 13. 7.
[} 530.¢ 67.2 17. 11.
7 5S5F.4 6€.1 l4. S.
e 5¢€e4 6547 13. 7.
) 29.1 €7.3 17. 11.
10 49044 6845 20. 15.
11 518.2 67.7 13. 13.
12 540.5 66.8 16. 10.
13 S12.4 67.7 13. 12.
14 499.9 68.4 29. 15,
15 538.2 66.9 16. 11.
16 507.3 631 19. 13.
17 49647 €3.5 20. 15.
13 402.9 69.7 23. 18.
19 451.6 7J.0 24 18.
22 42645 68.9 21. 16.
21 44045 70.4 25. 1%.
22 428.8 73.8 26. 20.
23 4(34.6 69.7 23. 16.
24 434,2 70.6 25. 18.
25 427.1 70.8 264 20.
26 433.3 70135 25. 18.
27 40 €546 21. 15.
2¢e 475.0 09.2 22. 19.
29 461.3 70.4 25. 1.
30 475.3 69.2 22. 17.

31 464.5 69.6 23. 16.







79

Table 4.2. Manure moisture removed and moisture content for a
typical month of April as calculated by the simulation

model.
MANURE MANURE AVERAGE AVERAGE
DAY MB1STURE MCISTURE DRY-BULB DEWPTINT
OF REMOVED, CONTENT, TEMPERATURE, TEMPERATURE,
MONTH POUNDS PEFCENT DEGREES F DEGREES F
1 321.6 73.8 39. 30.
b4 333.1 73.5 29. 3C.
3 333.6 73.5 38. 25.
4 332.3 73.5 37. 29.
5. 339.4 73.3 35. 24,
6 336.7 73.3 38. 24.
74 349.1 73.1 29. 2€.
2 342.6 73.3 3%. 24.
S 338.3 73.4 26, 25.
10 357.G 72.9 42. 27.
11 351.5 73.0 43, 27.
1:2 42242 Tl.6 49. 32.
13 233.0 72.0 43. 34.
14 335.6 72.0 47, 34.
15 401.8 T1l.6 50. 37.
16 3543 7C.6 52. 4G.
17 449,11 70.1 53. 4l.
13 4506438 65.9 54, 44,
13 414.6 T1s2 51. 40.
28 44640 73.2 53. 40.
2 456.6 6G.9 54. 4l.
22 332.4 72.2 49, 4l
23 362.5 12.2 4G, 36.
24 32153 73.6 43. 33.
215 343.7 73.2 43, 32.
2¢& 329.5 72.0 47, 32.
27 422.0 71.0 51. 35.
28 383.9 72.1 49 38.
29 414.5 71.2 51. 40.

30 452,32 70.0 53. 43.
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Table 4.3. Manure moisture removed and moisture content for a
typical month of July as calculated by the simulation

model.
MANURE MANURE AVERAGL AVERAGE
DAY MCISTURE MCISTURE DRY-BULB DEWPCINT
OF REMOVED CONTENT, TEMPERATURE, TEMPERATURE,
MONTH POUNDS PERCENT DEGREES F DEGREES F
1 788.3 52.4 70. 58.
2 772.5 53.7 69. 58.
3 750.5 55.4 68 55.
4 750.0 55.4 68. 5G.
5; 746.7 55.7 68. 58.
6 773.7 53.¢ 65. 57.
15 81¢.1 50.0 71. 5G.
3 B34.4 48.3 72. 62.
S 813.9 50.2 71. €l.
10 783.9 52.4 70. 6l.
11 774.0 53.6 69. 56.
12 75641 55.0 68. 58
13 B36.€ 43.0 T2. €0.
14 377.3 43.7 T4 €3.
1.5, 855.9 46.0 73. €2.
16 81446 53.1 71. 0.
1.7 835.6 4841 72. 60.
13 81%.90 50.1 71. 62.
19 832.3 48.5 72. €b4a
20 315.0 50.1 T1. €2.
21 753.6 52.0 70. 60
22 5140 50.2 1. 60.
23 814.5 5041 T1le 62.
24 809.2 50.6 71. 64,
25 791.3 5242 70. 61.
26 74647 55.7 68. 5
20 7854 5244 70. 50.
28 750.0 55.4 6B 5€
29 1277 57.0 67, 59.
30 7937 52.0 70. 5G.

31 814.0 50.2 T1. 62,
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Table 4.4. Manure moisture removed and moisture content for a
typical year as calculated by the simulation model.

MANURE MANURE AVERAGE AVERAGE
MONTH MCI STURE MOISTURE DRY-BULB DEWPOINT
OF REMOVED, CONTENT, TEMPERATURE, TEMPERATURE,
YEAR LBS/DAY PERCENT DEGREES F DEGREES F
1 452.8 70.0 24. 18.
2 445,95 70.2 25. 19.
3 351.1 73.0 33. 24,
4 353.6 73.0 46. 34.
5 511.9 67.9 57. 46.
6 720.2 57.5 67. 56.
7 825.4 49.1 T2, 59.
8 795.2 51.8 1. 5S.
9 607.9 63.8 62. 52.
10 4l4.4 T1.2 51. 41.
11 313.8 74.0 38. 31.
12 408.5 Tl.4 28. 22.

inside and outside humidity ratios times the ventilating air mass.)
Both of these conditions tend to increase moisture removal and manure
drying. A high dewpoint temperature would tend to reduce moisture
removal and manure drying. Although the dewpoint temperature was
high during the summer (see Figures 4.5 and 4.6), it apparently was
Tow enough when combined with other factors, to allow considerable
drying in the poultry house according to the simulation model calcu-
Tations. As a result of this seasonal difference, the simulation
model can be expected to calculate manure moisture removal with a
seasonal cycle effect. This is in contrast to the situation
reported by Esmay et al. (1975). In their presentation they stated

the "in-house drying" of poultry manure was not seasonal. However,
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their report mentioned four drying phases: in-house drying, movement
drying, belt drying, and heated air mechanical drying. The moisture
removed from the manure as calculated by the simulation model
includes the in-house drying phase and the movement drying phase.
Furthermore, the movement drying as reported by Esmay et al. (1975)
was influenced by the season of the year. A comparison of the simu-
lation model moisture content calculations for the yearly condition
as reported in Figures 4.7 and 4.8 with similar data from Esmay

et al. (1975) indicated the simulation model may calculate too much
drying, especially during summer conditions.

As the graphs were studied it was noted that the least
moisture was removed from the manure and the manure moisture content
was highest for the month of April. Although seasonal differences
were expected, minimum drying during the spring was not. This dif-
ference was found to be more noticeable when the average bird weight
was less than the average weight of the birds in the verified system.
Since the simulation model has the capability to vary such factors,
the difference was emphasized by using a smaller than normal average
bird weight as noted by Table 4.5.

At first it was thought the low drying in April was caused
by the lower dewpoint temperature and thus the higher potential
evaporation of the outside January air. This in itself did not
prove to be true. Further study of the simulation model calculations
showed that the drying rate in January during the day was about the

same as in April but at night the January drying rate was larger
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than the April drying rate. For example, the drying rate based on

average conditions at noon was 0.0050 pounds of moisture per square

foot-hour for January and 0.0051 pounds of moisture per square foot-

hour for April. For average conditions at midnight the drying rate

for January was 0.0065 pounds of moisture per square foot-hour but

only 0.0036 pounds of moisture per square foot-hour for April. The

net effect was more drying in January than in April.

Table 4.5. Management factor, design, and input values as used for

operating the model with average weather data.

Building
Length, ft
Width, ft

Ceiling height, ft
Insulation-walls, hr-F-sq ft/Btu
Insulation-ceiling, hr-F-sq ft/Btu
Lighting heat, Btu/hr

Waterer length, ft

Waterer width, ft

Laying hens
Number of hens
Hen weight, 1bs
Body temperature, F
Excreta moisture content, percent
Specific heat of manure, Btu/1b-F
Excreta production rate, 1bs/hen-day

Ventilation

Inside design (set) temperature, F
Maximum ventilating rate, cfm
Minimum ventilating rate, cfm

Simulation details

Time increment-DT, hours
Starting time, clock hours
Length of run, hours/cycle
Slab index

Lighting index

5000.00
3.25
107.10
80.00

0.87
0.27

60.00
20421.34
5406.01

1.00
0.00
24.00
1.00
1.00







5. SUMMARY AND CONCLUSIONS

5.1 Summary

A simulation model which calculates the manure moisture
removed and the manure moisture content in a poultry laying house
was prepared and verified. The simulation model was based on psy-
chrometric calculations in combination with constant-rate drying
theory.

The basis of the simulation model and the test facilities for
model verification was a commercial-type laying house near East
Lansing, Michigan. The laying house had a capacity of approximately
5000 hens and used a three-tier cage system with dropping boards and
under-cage mechanical scrapers for manure removal. The laying house
was fully enclosed, insulated, and used mechanical ventilation with
thermostatic control.

The verification system was managed as a small commercial
unit at the Michigan State University Poultry Science Research and
Teaching Center. Feed and water was provided by hand filling con-
tinuous troughs along each row of cages. Eggs were also gathered
by hand. Only artificial 1ight was provided to give a photoperiod
equal to 14 hours. The thermostats for control of ventilation were
set to operate four fans in steps of about two degrees Fahrenheit
and to maintain an inside dry-bulb temperature at between 55 and 60°F

where possible. Manure was scraped from the pens daily.

84






85

Verification data collected on three summer days and on two
winter days were satisfactory for comparison with the simulation
model generated data. Curvilinear regression curves prepared from
the two sources of data for accumulated total moisture removed from
the poultry house and for accumulated moisture evaporated from the
manure in the poultry house followed their respective data points
very closely. Each of the paired curves used for verification pur-
poses had the same general shape and magnitude except one. The
exception was for the accumulated moisture evaporated from the
manure on January 6, 1975. No known reason was found for this dis-
crepancy. It was noted, however, that the manure moisture evapora-
tion data collected from the laying house were more random on that
date than other days of data collection.

The critical factors for maximizing in-house drying of
poultry manure were the manure drying rate and the drying surface
area. A large surface area provided for maximum drying. Since the
manure was removed daily, the scraping of the dropping boards maxi-
mized the exposed surface area of manure. The simulation model
indicated any system increasing the manure drying surface area would
tend to increase manure drying. The drying rate was a function of
no less than seven variables. Some of these variables were material
specific and some were configuration specific. For a given material,
i.e., poultry manure, and a given poultry house, these were con-
sidered constant. The variables which influenced the manure drying
rate the most were the inside wet-bulb depression and the ventilat-

ing rate. The wet-bulb depression in turn was influenced directly
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by the inside dry-bulb temperature and indirectly by the outside
dewpoint temperature. To maximize manure drying, a high drying rate
was desirable. To obtain a high drying rate a high inside dry-bulb
temperature and Tow outside dewpoint was desirable. The weather
determined the outside dewpoint temperature, but management prac-

tices influenced the inside dry-bulb temperature.

5.2 Conclusions

The following conclusions are the result of preparing and
verifying a simulation model to estimate the in-house drying of
poultry manure.

1. A computer simulation model based on known drying theory
and verified by experimental psychrometric data was formulated to
simulate the fecal moisture removed from a poultry house by venti-
lating air.

2. The data from the simulation model matched the experi-
mental summer psychrometric data closely but the match of the winter
data was not as close due to the greater effect of measurement error
upon the lower ventilating air movement and smaller wet-bulb depres-
sion.

3. The simulation model provided a means of effectively
evaluating the controllable management and design factors of a poul-
try house to maximizing in-house drying of the poultry manure.

4. A simulation run of the model for seasonal variation

of moisture evaporation from a poultry house showed the greatest
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potential for moisture removal to be in the summer and minimum

potential to be during the spring and autumn seasons.

5.3 Recommendations for Future Research

The results of this research suggest the need for additional
work in the following areas:

1. A better verified model to estimate the outside dewpoint
temperature than the one used in this study. The outside dewpoint
temperature has considerable impact on the drying rate and thus the
moisture removed from manure during in-house drying. An accurate
estimate of the outside dewpoint temperature, therefore, is desir-
able when using the simulation model.

2. A verification study independent of this research using
a different approach would be desirable. The collected verifica-
tion data used for this study were based on the psychrometric char-
acteristics of the ventilating air. Adjustments resulting from
verification of the simulation model based on the measurement of the
moisture content of the manure and the mass of manure produced by
the laying hens could improve the accuracy of the simulation model.

3. Additional laboratory studies be conducted to determine
a more suitable mathematical model for the drying rate of manure.
The model for the drying rate as used in the simulation model was
reported by Perry et al. (1963, 1973). These authors noted the dry-
ing rate model was material specific. The objectives of the labora-

tory studies should be to develop a model specific to manure.
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APPENDIX A
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PROGPAM DR YLSN

THIS PPOGRAM (DPYLSN) SIMULATES THE CNVIRGKMENT IN A PUULTRY HOUSE
WHEN GIVEN THE MAXIMUM AND MINIMUM OUTSIDE TEMPERATURE, THE
AT4LSPHERIC PRESSURE, THE CUTSIDC DEW PGINT, THE NUMBER OF CHICKENS,
THE HOUR TO START SIMULATICN AND THE DATE. A VALUE FOR THE MANURE
MOISTURE CONTEHT AS FGUND FRCM VARIFICATIGH DATA CAN ALSG SE
INCLUDED, BUT IS NCT REQUIRED.

THE OUTPUT FRUK THE PRUGRAM 1S A& TABLE GF THE MANURE MGISTURE
CCNTENT FOR EACH TIME PERIOD (HUUR) THROUGHGUT THE SIMULATED *DAY®
AND THE 4CISTURE REMCVED FROM THF MANUKE FUR THAT *OAY'. FGR EACH
OF THESE 'DAYS', THE INSIDE ENVIRCNMENTA 101IS ARE ALSC
GIVEN. THIS TABLE IS PRCVIDED FGR EACH 'CYCLE' OF MANURE REMOVAL
(APPROXIMATELY 24 HOURS).

AN ADDITIONAL OUTPUT TABLE GIVES A SUMAARY CTF END COND
MANURE FOR EACY *DAY'. THE SUMHARY TAGLE LIST THE
CONTENT IN PERCENT AND THE WATER REMGVED FRCM THE MANURE DURING
THAT PERICD. APPRCPRIATE WEATHER AND OTHER INPUT DaTA 15 ALSO
SUPPLIED WITH TKLC LISTING.

ION OF THE
MGISTURE

TC USE TdE PROGRA¥ THE FCLLOWING DATA CARDS ARE WEEDED:

1ST CARD- NUMBER OF 'CYCLES' UR DATA-DAY PAIRS (COLUMAS 1 & 2)
DE3UGSING INDEX, MBUG, (1=0N, O0=CFF) COLUMN 4, VARIFICATION INDEX,
NNAy (0=VARIFICATICN, 1=SIMULATICN) CCLUMN 6.

2ND CARD- NUMSER OF INTCRATIGNS IN A SPECIFIC "CYCLE'y THE INSIDE
*SET' TEMPERATURE, DEGREES Ry AND THE AVERAGE WEIGHT OF THE HENS,

LES, A CARD REQUIRED FOR EACH DATA-DAY PAIR (CGLUMKS 1 & 2, 3 THRU &,

AND 9 THRU 14, RESPECTIVELY.
3RO & 4TH CARD- WEATHER DATA AND OTHER INPUT CONDITIGNS FOR A
SPECIFIC DATA-DAY PAIK (SEE FORMAT BELCW). THE 4TH CARD IS FOK ThE

SCCOND DA IN THE 24-HOUR CYCLE (A DUPLICATE CARD IS REQUIRED IF
THE CYCLE IS ALL THE SAME DATE).
FORMAT FJIR CARDS 3 AND 4 (BUTH THE SAML)
COLUMNS NOS. DATA ANO UNITS
162 MONTH 9NO.
3¢ 4 DAY 4NC.
SE6 YEAR ,NC.
74849810 *ATMOSPHERIC PRESSURE, PSI
11 & 12 MAXIMUIt CUTSIDE TEMPERATURE, DEGRESS F
13 & 14 MINIMUM QUTSIDE TEMPERATURE, DEGREES F
15 & 16 #AVERAGE OUTSIDE TEMPERATURE, OCGREES F
17 £ 18 *0UTSIDE DEW POINT TEMPERATURE, DEGREES F
19, 20,521,422 NUMBER OF CHICKENS IN POULTRY HCUSE, NO.
23 & 24 TIME CF DAY SIMULATICN BEGInS, HOURS (24-HR)
#%25,26427428 AS MEASURED MANURE MCISTURE CONTENT,PERCENT
*#%2G THRU 24 AS MEASURED TGTAL MUISTURE RENUVED FROM HCUSE

OURING GNE CYCLE, L8S.

* AN ESTIMATE wILL BE CALCULATEZD IF THE INPUT VALUE ECQUALS ZERO.
#% NOT USED IN CALCULATIONS, OUTPUT ONLY

INH00010
CINHO0020
C INH00030
CINH00040
CINHO0050
CINHO0050
CINHO0070
CIKH00080
C1NH00090
CINHO0100
CINHOC11)
CINHOO0120
CINHOO130
CINHO0140
CINHOO150
CINA0O0 160
CINHO0170
CINHO0180
C11HO0190
C1iWH20200
CI'wid0210
C1KH00220
CINHOU230
CINHDO240
C114H00250
C INH00260
CINHO0270
CINH00230
CI1H00230
CINHO0300
CINI{00310
CINHO0320
CINHO0330
CINHO0340
CINHO0350
CINH00360
CINH00370
CINHO0380
CINHO0390
CINHO0400
CINHO0410
C INH00420
C1NH00430
CINHO0440
CINHO0450
CINHO04560
CINHD0470
CINHOC480
CINHD0490
CINHO0500
CINHOO510
CINHO00520
CINHOO0530
CINHOC540
CINROOS550
CINHOG560
CINHOO570
CINH00580
CINhO0590
CINHO0600
CINHOO610
CIHHO0620
CINHO00630
CINH00640

B T R T P L YT [P EA ]

THE PSYCHROMETRIC FUNCTICN SUBRCUTINE
PREPARED BY LEREW (1671) INCLUDE THE
FOLLOWING ACRUNYMS:

ENDBUP=ENTHALPY, BTU/LB

HADBRH-HUMIDITY RATION, LB OF H20/LB CF DA
HADP-HUMIDITY RATIO LB CF H20/LB UF DA

90

CINHO0660
CINHO0670
CINHO0630
CINHO0690
CINHOC700
CINHOOT710
CINHO0T720
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HAPV-HUMIDITY RATIO LB CF H20/L6 OF DA CINHO0730
HLOS-LATENT HCAT OF EVAPCKATICN, BTU/LB C INHOO740
PSOB-SATURATED VAPOR PRESSURE, PSI CINHOOT50
PVDBWB-VAPOR PRESSURE CF AIR-WATER MIXTUKE, PSI CINHOO0760
PVHA-VAPOR PPESSURE OF AIR WATER MIXTURE, PSI CINHOOT70
RHDEHA-RELATIVE HUMIDITY, DECIMAL CINHO0T780
RHPSPV-RELATIVE HUMIDITY, DECIMAL CINHO0790
VSDBHA=SPECIFIC VCLUME, CU.F1./LB CINH00800
WBDBHA-WETBULB TEMPERATUFE, DEGREES R CIKHO0810
(AS MCOIFIED BY DIXON ET AL, 1976) C INH00820

CINH00830

B S P T PP T P PP T

CiNHO0850

DREREN TN ST RORN| ORE TERMN'S C INHO0860

CINH00870

CINHO0880

AMC-MCISTURE CONTENT OF MATERIAL, WET BASIS, DECIMAL FRACTIUN CIKHO00890
AT-ARRAY VALUE FCR ATMOSPHLKE PRCSSURE, PS! CINH00900
AT 4P-ATMOSHERIC PRESSURE FGR A SPECIFIC DAY, PSI CINHO0910
AVSCLT-AVERAGE SCL-AIR TEMPEKATURE, DEGREES F CINH00920
AVTD-ARKAY VALUE FUR AVERAGE CUTSIDE ORY BULE TEMPCRATURE, DEGKEES F CINH00930
AVTDBU-AVERAGE OUTSIDE TEMPERATURE, DEGREES F CINH00940
BLTH-BUTLDING LENGTH, FEET CINHO0950
BR-AKRAY VALUE FOR BIRD NUMBER. CINH00960
BRDS-KC. OF BIRDS IN BUILDING CINHJ0970
BROTMP-30DY TEMPERATURE OF A CHICKEN, DCGREES R CINHO0980
BTIM= A HCLD VALUE FCR BTIME CINH00990
BTIME-THE TIME OF CAY THE LCOP IS TU BEGIN. HOURS C1HHO01000
BTIMEN=-ARRAY VALUE FOR GEGINHING TIMc, HOURS CINHO1010
STIMN=-ARRAY VALUE OF CLGCK TIME FOR BEGINNING OF RLH, HOUR'S CINH01020
CPA-THERMAL CAPACITY OF AlR, BTU PER LB. DESRECS CINHO 1030
CPV=THERMAL CAPACITY OF WATER VAPOR, BTU PER LB. DE’P.EES R CINHD1040
CRITMP-LOWEST OUTSIDE TEMPERATURE AT WHICH INSIDE OPTIMUM (SET) CINHO1050
TEMPCRATURE CAN BE MAINTAINED, DEGREES R CINHO1060

DF = EXCRETA DISTRIBUTICN FACY‘.JR. FRACTION OF DAILY EXCRETA PRODUCED CINHO1070
DURING PERICO OF *DT#, L: CINH01080
DH-INSIDE AND OUTSIDE HUMXDHV RLTIC OIFFEFENCE, LBS OF H20 PER LB CINHO1090

ORY AIR CINHO1100
DPF~ARKAY VALUE FCR GUTSIDE DEWPCINT TEMPERATURE, DEGREES F CINHOL110
D°HA-DEVPOINT TEFPERATURE, DEGREES R CINAO1120
ORPNUM=NUNMBER CF DROPPINGS OF EXCRETA AS ACCUMULATED THRU THE DAY CINHO1130
DRPSAR-SURFACE AREA UF DRGPPINGS, SQ. FELET CINHO1140
URY4=- (SEE DRYRTM) CINHO 1150
DAYRTM=THE DRYING RATE AS CALCULATED, LBS. CF WATER PER HOUx=SQ.FT. CINHO1160
DRYSUF=TUTAL SURTACE AREA FOR DRYING, 50. FEET CINHO1170
0%YTW-THE EVAPCRATION RATE FRCM THE wATERLPS, LBS PER HOUR-SQ FT CINHO1180
O9PY¥- (SEC DRYRTW) CIKHO1190
DT=-LENGTH CF ITERATION, HOURS CINHO1200
EORYTH=-A VAKIFICATION VALUE: END GF MECHANICAL DRYER UPEKATING TI#HE, CINHO1210

CLOUCK TIME HCURS CINHO1220
ELPWAR=AN INDEX FOR LIGHTS, ON=1, COFF=0 CINHO1230
EVAPDT-FATER EVAPCRATED FRCH WATERERS AND AANUKE PLUS RESPIRED H20, CINHO1240

. CINHOL250
EVAPSM=ACCU4ULATIVE SUM OF WATEFER AND MANURE EVAPCRATICN, LBS. CINHO1260
EVPOTT-TOTAL MCISTURE AJDED TG THE AIR, LBS. CINHOL1270
EVPH20-WATER EVAPCTRATED FROY wATERS, LGS. PER HOUR CINHO1230

DURING #DT#, L3S CINHO1290
EVPH2S=ARRAY VALUE FOR SUM OF WATER EVAPURATED FRCM WATERS, LBS CINHO1300
EVPH2T-SUM OF WATER EVAPORATED FRUM WATERS, LBS CINHO1310
EVPMRT-SUM OF WATER EVAPORATED FRCM MANURL, LBS CINHO1320
EVPOTT-ACCUMULATIVE SUM OF POTENTIAL EVAPCRATION BASED ON THE CINHO1330

VENTILATING AIR CAPACITY, LBS GF H2C. CINHO1340
EVPPOT-POTENTIAL EVAPURATION DASED ON THE VENTILATING AIR CAPACITY, CINHO1350

LBS UF H20. CINHO1360
EVPMUR=VATER EVAPCRATED FROM MANUPE, LBS. PER AOUR CINHO1370
EVPRMV-ARRAY VALUE FOR TOTAL WATER REMOVED #RGM MAKURE OURLNG ONE RUNCINHO1380

(DAY), LBS CINHO1390
EVPSUM-TOTAL WATER REMOVED FRCM THE MANURE, L3S CINHO1400
CVPT=THE AYOUNT OF WATER EVAPOPATED FROM THE MANJRE DURING #0T#, LBS.CINHOL1410
EVPTTL-TOTAL WATFR EVAPURATED IN HOUSE, LES. CINHO1420

EXCOMC-THE MOTSTURE CONTENT OF MANURE AS DEFICATED, DECIMAL FRACTIUN CINHO1430
EXSAHS-WEIGHT OF MANURE IN THE HOUSE MINUS EVAPURATED MOISTURE, LBS. CINHO1440
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EXHTD-MANURE PRODUCED DURING TIME DT, LBS CINHO1450
EXWTDY-WEIGHT OF EXCRETA PER DAY, LB8S. CINHO1460
EXWTSM-WCIGHT GF EXCRETA AS ACCUNMULATED THKU THE DAY, LBS CINHO1470
FLOW-THE VENTILATICN RATE AT THE ITERATICN TIME, CFM CINHO1430
HA=HUMIDITY RATIC FCR CUTSIDE AIR,LE CF H2C PER LB OF DA C INHO1490
HADP-HUMIOITY RATIG, LB OF H20 PER LB OF DA CINHO150C
HADPI-INSIDE HUMICITY RATIG BASED CN INSIDE DEWPUINT TEMPERATURE, LB CINHO1510
OF H2C PER LD OF DA. CINHO1520
HADPO-GUTSIDE HUMIDITY RATIC DASED CN ULTSIDE DEWPOINT TEMPERATURE, CINHO1530
LBS OF H2C PER LB CF DA. CINHO1540
HAI-HUMIDITY RATIO FUR INSIDE AIR AS CALCULATED FRUM SUMS OF MOISTUKECINHO1550
SOURCES, LB CF H20 PER LB OF DA C1NRO1560
HAIN-ASSOLUTE HUMIDITY GF INSIDE AIR, LBS PER Lb CINHO1570
HEIT-BUILDING HEIGHT, FEET CINHO1580
HLDB-LATENT HEAT CF VAPORIZATICN, BTU PER LB CINHO1590
HTMC-MOISTURE CONTENT OF MANURE ASFOUND FROM EXPERIMENTAL DATA AT MSUCINHO1600
HT7MN=-ARRAY VALUE FCP. HTMC CINHOl610
IBUG-AN INTEGLR CODE USED FOR DEBUCGING THE PROUGRAM CINHO1620
ID-CALENDAR DAY (DATE) CINHO1630
TON-ARKAY VALUE FOR CALENDAR DAY-FINAL DAY CF RUN. CINHO1640
INDIC-AN INDEX TU CHANGE SLAR TEMPERATURE E.G. DAILY RATHER THAN EACHCINHO1650
CALCULATICN CINHO1660
1Y-CALENDAR YEAR(DATE) CINHO1670
IYN-AREAY VALUE FCP CALENDAR MONTH CINHO1680
K=-INTEGLR VALUE FOPR STARTING PCINTEF. CINHO1690
L-A PGINTER FOR THE CLCCK TIME BEING CALCULATED CINHO1700
LTIME- LAST TIME PERIOD CF A RUN (DAY),HUURS CINHO1710
MBUG-AN INTEGER CCOE USED FOF. DEGUGGING THE *MAIN® CINHO1720
MID- AHOLD VALUE FCF 1D CINHO1730
MIDN-ARRAY VALUE FGR CALENDAR OAY-INITIAL DAY GF RUN CINHO1740
MM-CUUNTER FOR NUMPER CF OUTPUT LINES PER DAY. CINHOL1750
MMEN=DELAYED HOLD VALUE FOR MN, DLGREES F CINHO1760
MMXI-DELAYEU HOLD VALUL FCR MX, DEGREES F CINHO1770
MN=MINIMUM CUTSIDE TEMPERATURE FGK THE DAY, JEGKEES F CINHO1780
MNN- CUTPUT VALUC FOR MN, DEGREES F CINHI1790
MU-CALENDAR MCNTH(CATE) CINHO1820
MON=ARRAY VALUE FCR CALENDAR MUNTH CINHO1810
MTIVE-ALAPSED TIME COUNTER DURING RUNy NC. OF DT,S CINHO1820
MX-MAXIMUM OUTSIOE TEMPERATUKE FCR THE DAY,DEGREES F CINHO1830
MXN- OUTPUT VALUE FOR MX,DEGREES I CINHO1840
NN=NUMEER OF RUNS (DAYS) FOR WHICH CALCULATICNS ARE DESIKED. CINHO1850
NNY=INDICATCR DESIGNATING THAT WEATHER GEWERATEL BY *wWeTHER® IS FOR  CINHO1860
VARTFCATION (=0) GR FOR SIMULATICN (=1). CINHO1870
GNEFAN-A VERTFICATION VALUE: THE CAPACITY CF GE VENTILATING FAN, CFMCINHO1880
PATHM-AT4OSPHER IC PRESSURE, PST CINHO1890
PCTMCH-THE PERCENT MGISTURE CCHTENT AFTER DRYING FOR #DT% AND AS IF CINHO1900
T WEREC THE FIRST #DT* CINHO1910
PCTMCT-THE PERCENT MOISTUKE CONTLNT OF THE MANURE AT THE DESIGNATED CINHO1920
TIME CINHO1930
PC-HMCISTURC CONTENT OF MANURE AT END OF RUN, PERCENT CINHD1940
POULTPRY FARM BLDG NQ. 7, PERCENT CINHO1950
CADDED~ACCUMULATED HCAT ADDED TGO THE PCULTRY HCUSE FROM ALL SCURCES CINHO1950
TU CINHO1970
QAH=NET HEAT ADDEOD TO HCUSE, BTU PER HUUR CINHO1S30
QCONST=THE SUM OF HEAT BALANCE FACTURS REMAINING CUNSTANT DURING CINHO1990
CUNVERGENCE CALCULATICH BTU PER HR. CINHO02000
QLTOT-LATENT HEAT PRODUCTICN GF BIRGS, BTU PER HOUR CINHO2010
QLTCTS-TOTAL RESPIRCD MUISTURE FRUM 8IKDS, LBS CINHO2920
04ECH=MECHANICAL HEAT ADDED INSIDE HOUSE, BTU PER HR CINHO2030
Q5-SENSIBLE HEAT PKCOUCTICN GF BIKDS, BTU PER HGUR CINHO2040
R=INTERMEDIATE VALUE TO DEFINC THE LENGTH CF A FUN. CINHO2050
RANGF-OUTSIOE DAILY TEIPERATURE RANGE, CREGRLES F C INH02060
RSPWTR-RESPIRATICN RATE OF BIRDS, LBS PER HUUR CINHO2070
PUNLGT-NUMBER OF INTERACTIONS EACH COYPUTER FUN (CYCLE LENGTH) CINHO02080
SORYTHM-A VARIFICATIGN VALUE: BEGINUING OF MCCHANICAL DKYER GPERATING CINH02090
TIME, CLOCK TIME HUURS CINHO2120
SOLT=-ADJUSTED CEILING SUL-AIR TEMPERATURLE, CEGREES F CINHO2110
ST-ADJUSTED CEILING SOL=AIR TEMPLRATURE, DEGREES F CINHO2120
TAV-AVERAGE SCL-AIR TEMPERATURE, DEGREES F CINHO2130
T3-0UTSIDE DRY3ULB TEMPERATURE FUF OUTPUT, CEGRELES F CINHO2140
TDB-UUTSIOE DRY BULR TCMPERATUKE, DCGREES K CINHO2150

TDB02-CUTSIDE WALL SURFACE TEMPERATURE, CEGREES R CINHO2160
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C TDP-CUTSIDE DEW POINT TEM4PEPATURE, DEGRLES R CINHO2170
C TOPF-=CUTSIDE DEWPUINT TEMPERATJKE (U.S. wEATHER SCRVICE), OEGREES ¥ CINH02130
C TOPI- INSIDE DEWPCINT TEMPERATURE, DEGREES F CINHO02190
C TEMPI-THE INSIDE TEMPERATUPE OBTAINED BY CUNVEKRGENCE, DEGREES R CINH02200
C TGES-AN INTERMEDIATE GUESS VALUE USED FUR CCNVERGENCE, DEGREES K CINHO2210
C TI-TEMPERATURE INSIDE HOUSE AS CAKRIED BY MAIN PKOGRAM, DECGREES R CINHD2220
C TIDP-INSIDE DEWPGINT TEMPERATURE AT "TIME MINUS OT," DEGREES R CINH02230
C TIAC-CLOCK TIME, 24-HOUR CLOCK CINH02240
C TIN-TEMPERATURE, INSIDE HOUSE, DEGREES F(USED IN SUBRGUTINLS) CINHO02250
C TMIN-A CALCULATED TEMPERATURE WHICH THE MIN. VENTILATION RATE CAN CINH02260
[ HOLD; AN CUTSIOE TEMPERATURE REES R CINHOZ22T0
C TDEI-INSIDE DPYCULB TEMPERATURE, DEGREES F C INHD2280
C TO20U-OUTSIDE DRYBULB TEMPERATURE AS CALCULATED BY *WETHER*, DEGREES FCINH02230
C TOPI- 10E DE#PCINT TEMPERATJRE, CEGREES F CINHO02300
C TOPG-OUTSICE DEW POINT TEMPERATUKE AS CALCULATED BY *WETHER*,DEGREE FCINHO02310
C THINF-MINIMUM TEMP FCR THE DAY,DEGREES F CINH02320
C TMINR-MINIMUM TEMP FOR THE DAY, DEGKEES R CINH02330
C TC-UJTSIDE WALL SURFACE TEMPERATURE, DEGREES F CINHO2340
C TP-DEWPOINT TEMPERATURE FOR UGUTPUT, DEGREES F, CUTSIDE CINH02350
C TSET-DESIRED INSIDE TEMPERATURE, DEGREES R CINHO2360
C TSLAB-TEMPERATURE OF FLOGR SLAZ, DEGREES R AND F CINHO2370
C TWBI- INSICE WETBULB TEMPERATURE, DEGREES R CINH02380
C U-FLOATING PCINT VALUE OF STARTING PUINTER CINH02350
C UNTEVP-TOTAL WATER EVAPCRATED IN UNIT TIME, LBS. PER HOUR CINH02400
C UXAREA-THE HEAT TRANSMISSION COEFICIENT FOR THE BLDG.s 8TU PER HOUR CINHO2410
c DEGREE R C INHO2420
C VELMAS-MASS AIR FLOW RATE, LBS/MIN. CINH02430
C VENTRT-THE VENTILATION RATE IN THE HOUSE AT TIME UF CALCULATION, CINHO02440
C CFM CUTSIDE AIR CINHO02450
C VRMIND-A VARIFICATION VALUE: MINIMUM VERTILATICN RATE DURING DRYER CINHO2460
C VRGESS-AN INTERMEDIATE GUESS VALUE FOR THE VENTILATION RATE, CFH CINHO2470
C VRHAX-MAXIMUM VENTILATICN RATE OF HCUSE, CFM CINHO2480
C VRMIN-MINIMUM VENTILATION KATE OF HOUSE, CFM CINHC2490
C 5 CINHO2500
C WATSAR-SURFACE AREA OF EXPGSED WATER IN HOUSE, SQ FT CINHO2510
C WATTSQ-ELECTRICAL POWER APPLIED TG BUILDING, WATTS PER SQ. FGCT CINHO2520
C WATWDT-wIOTH OF WATERING TRCUGHS, WATER SURFACE, FEET CINHO2530
C WBDHA-WET BULD TEMPERATURE, DEGREES R CINHO2540
C WBRO-AVLRAGE BIRD WEIGHT, L3S. CINH02550
C W3TIHA-INSIDE WET BULB TEMPERATURE (CALCULATED), DEGREES R CINHO2560
C WIDTH-CUILDING WIDTH, FEET CINHO2570
C WTHMRTK=- SUM OF MANURE EXCRETED, LBS CINHO2580
[4 CINH02590
C CINHO2600
C CINHO2610
[ reex T e Rt EEEE CINH02620
CCMMON/BIROS/WERD,BROS INH02630
CCH4MON/BLOG/ELTH, WIDTH,HE IT INH02640
CCMMON/BUG/ 1BUG 1:4H02650
CCNMMON/CARD/ BT IME ¢ HTMC 5 MXy PNy SORYTH EDRYTHM 1MH026 60
COMYIN/ C/EXCOMC,EXWTD 4 EXWTSMEVPART 4OT INHO2670
CCMMCON/PRESS/PATM INH02680
COMMON/E VP /DRP SAR y WATSAR 1NH02690
CCMMUIN/RAT E/DRPNUM 1/H02700
CCMYON/DRY /DRY M, ORY W INHO2710
COMMON/WR/TOBO (48) 4 TOPG(48) 4 TDBT(43),TIE(45) yMTIME,TOPL(43) 18402720
COMMGN/KRL/FLOK(43), EVPT(48), EVPSUM(48), PCTHNCH(4B),PCTMCT (48)INH02730
COMMON/WTHP/AVTOBO yRANGE ) ATHP M0y 1D, 1Y, TOPF 4 VARDTA INHO2740
COMMON/31/EVAPDT(48),EVPDTT(48),EVPH25(43),CLTUTS(4E),0PF(48) INHO2750
CCMMIN/B2/MON( 48) o AIDN( 43) ,ION( 4€), IYNU 48),BTIMN( 48) INH02760

CCMMON/B3/BTIMENL 48) yHTMCN( 48),PC( 48),T6(4E) ,TP(43)EVPRMV(46) INHOZ770
CCAMON/B4/MXNT48) y MUXN(4B) JMNN(48 ) o MMIN(43) \BRI48), AT(43),AVTD(48) INHO2780

CCMMON/CRT/RCL 4 RWL p SPHy EXRATE INHO2790
DIMENSIUN EVPPOT(43)4EVPOTT(48)4DH(43) 11H02800
INTEGER RUNLGT INH02810
REAL MX,MN INHC2820
DIMENSICN CACDED(48) 11H02830
DATA QADDTD/48%0./ 1NH02840

€ CINHD2850
C #sosrexeSTT PARAAETERS AND INITIALIZE VARASLES*#t¢ssssssssssssssssase(INH02860
c CINHO2870
[ IF LNW=0, KK SHOULD=1 CINHO2880
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READ 22,1ili MBUG,INW 1NH02890
22 FORMAT(312) INH02900
DG225 1NH02510
TOBO(M INHO02920
TOPO(M INH02930
TOBI(M INH02940
TIME(M 1NH02950
TOPT( 1NH02550
FLOW(M INH02970
EVPT(M)=0. INH02980
EVPSUM(M)=0. 11H02590
PCTHCH(M)=0. 11H03000
PCTHMCT(M)=0. INHO3010
EVAPDT(M)=0. INH03020
EVPDTT (M)=0. 1hHO3030
EVPH25(M)=0. INHO3040
QLTOTS(M)=0. INHO03050
13 (M)=0. INHO3060
T (M)=0. INHO3070
DPF 0. INHO3080
EVPRIV(H)=0. INH03090
BR (M)=0. INHO5100
AT . INHO3110
AVID (M)=0. INH03120
EVPPOT (M)=0. 1HHO3130
EVPOTT(M)=0. 114H03140
OH (M)=0. INHO3150
Mon  (M)=0 IKHO3160
MIDN  (M)=0 INHO3170
IDN (M)=0 11HO3180
1YN v)=0 INHO3190
BYIHMN (M)=0. INH03200
BTIMEN(M)=0. INHO3210
H7ACH (M)=0. INH03220
PC (M)=3. INHO03230
MMKN (M)=0 INH03240
MNN 0 INHO3250
MMXN 0 1NH03260
MXN (M)=0 INHO3270
225 CONTINUE INHO3280
C CINHO3290
C #xsex64#START LOCP FOR #1:M% DAY RUNS#%ssessstasssss IKK03390
4 CINH03310
20 3 N=1,NN INHO3320
READ 254LTIMEs TSET,aBRO INHO03330
25 FORMAT(12,2F6.2) INHO3340
EXCD*C=0.8 I1H03350
EXPATE=.272 INHO3360
CALL ABLUCK INHO3370
AVTO30 = 53.4659.67 1NH03380
BROTH 07.1+455.67 INH03390
BRDS 45004 INH03400
BLTH = 92.25 INHO3410
2T=1.0 INH0 5420
ELPrAP=1. INH03430
CVPH25(1)=0. INH03440
EVPDTT(1)=0. INHO03450
EVPOTT(1)=0. INHO 3460
HEIT = 8.25 1NHO3470
1BUG=1 INH034380
1BUG=5 INH03490
18UG=0 INHO3500
INDIC = 1 INH03510
PATH=14.6 INH03520
QLTCTS(1)=0. INHO3530
PM=,87 INHO03540
0.4459.67 INH03550
0.4459.67 INH2560
TFITSET.EU0eeORTSETLGTL520.) TSET=56.4459.67 INHO3570
TIN=TSET INH03530

TI=TSET INH03550
TIOP=TSET-1. INHJ3600
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VRI1AX=(54.433540.2559%1270.)449.5+229.467+1.059%1270. 1¥H03610
VR“IN= (54, 483840.2569% 180.)%49.54229.467+1.059% 130, 1NH03620
-1l CALIBRATING THE 4 FANS IT WwAS FOUND 2 FANS PRGOUCED APPROXIMATLY CINHO3630
THE SAME FLOW AS 4. THIS 1S ATTRIBUTED TO TURBULANCE. CINHO3640
ONCF AN= (VRAAX=VRMIN) /3. INH03650
VRMIND=VRMIN+CNEFAN INH03660
WATLGT=24.%72, INHO03670
WIDTH = 33. 1NH03680
AATUDT=4./12. 1NH03690
CALL WETHER (NNW,THMINF) INH03700
TSLAB=AVTDBO+459.67+5. INHO3710
IF(ID.EQ.7.AND.IY.EQ.T5) VRINI 613,67 INHO3720
IF{ID.EQ.6L.AND.IY.EQ.75) VRNIN=6706.75 INHO3730
BTIME=0. INH03740
OF=(1./24.) %07 INHO3750
QMOCH =2#%19#25%3.413 INHO3760
R=LTIME/DT INHO3770
RUNLGT=R INH03780
U=BTIME/DT+0.5 INHO3790
=u INHO3800
INHO3810
INH03820
INHO3830
INH03840
1NHO3850
11103860
1NHO3870
1i4HO03830
i INHO03890
aTl‘W(N) BTM INH03900
h=-1. INHO3910
HTMCN (V) =HTHC 1NH03520
MXN(N) =MX INHO3930
MMXN (N )=MX 11H03940
MRNC ) =MN INH03950
MINTLEN) = MR TNH03960
3R{N)=5RDS INHO03970
AT(N)=ATMP INH03930
INHO3990
[NH04000
INHO04010
1NH04020
INH04030
INH04040
INH04050
THIn= CRIYW(TS TyTOPF  +459.67,VRUIN,<ATTSQ,0.0) 11iH04060
TGES=TSE 111404070
CINH04030

sextssrxEND CF INITIAL VALUES SEEERLEETREFRLBE 1
CINHO4100
CALL H}STRY("LIH'hIDTH.V-fH.RaL.RLL.C%‘ECP::VATLGIVP’N\DT WBRD,BRDS, INHO4110
@BRDTNO=459.674 EXCIMC,DF 4 SPE, EXPATT N=459.67, INHD4120
XDTBTIHE 1Ry INDTC,ELPUAR ) TSET—4550 67 ¢ VRMAX, VICHTIy TSLAB 459 671 11iH04130
CINHO4140
558282 9BEGINING CF LOD? FOR A SPECIFIC DAY®¥&#%# s ok sax st ssa 228463 2C [NH04150
CINHO4160
au 4 J=1,PUNLGT INHO4170
0B (J-1+K)+459.67 INHO04180
'D =TOPCIJ-14K)+455.67 INH04190
TB(J)=TD6-459.67 INH04200
TPLJ)=TOP-459.67 INHO4210
1CJG  IENG  1BUG  1BUG  IBUG ICUG 1BUG IuUG IBUS 1BUG 1BUG IBUCINHO4220
IF(1BUG.EQ.D) GO TC 995 INH04230

PRINT S90,K,T75,TDP,TIME(MTIMED, MTT ME INHO04240

990 FURMAT(L1X5 (LOHDRYLHHS  )/10X,'K*y 14X, 'TDB "y 14X, *TOP*,14X, " TINL ' INHO4250
AslaX, THTINH04260
L11ME /68X, 13,10X,3E14.4,19) INHO4270

999 CGNTINUE INH04280

18346 120G 184G 1BUG 1BUG IBUG IBUG 16UG 1BUG 18BUG 1BUG IBUCINH04290
IF(¥3UG.EG.D) GO TO 900 11H04300

CINHO4310

weuteAEXPRINT OUTPUT VALUES A5 CALCULATED®###5¥ 62 ¥ s s+ 382280088 €635( [NH04320
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CINHO04330

T=\=1 INHN4340

DO 9 L=1,3 1NH04350

9 PRINT 888y IyIololalolylelelslolalololslolololsIyl INHO4360
1F(1.EQ.0) INHO4370
PRINT 2, TB(I), TP(I),FLGHI),TOB1C1),TOPI(L1),EVPTIT),EVPSUM(T) 1KHO4380

14 PCTHCHIT) ,PCTMCT( 1), TIME (1) INH04390
PRINT 4122, TIME(1),EVAPOT( 1), EVPPOT (1), EVPH25(1),QLTCTS(1),EVPSUM(INHO4400
A1), EVPOTT(1),EVPOTTL),QADIED(T) INHO4410
838 FORMAT (1X,20(15)430(1HD)) INHD4 420
900 CONTINUE 1NH04430
C1NiH04440

#xexxxx2DETERMINE THE AMUUNT OF EXCRETA AND THE DRYING SURFACE AFEA**CINH04450
CINHO4460

CALL EXCRAT (BRDS,DFyEXWTSM,EXWTD) 1NH04470
EXSMHS=EXWTSM-EVPURT INH04480
CALL DRYSRF (EXSMHS,WATLGT JwATWCT,DRPSAR, WATS ARy DRYSUF) INH04490
CINHO45)0

*Esxx4exDETERMINE IF LIGHTS ARE CN OR OFF AND SET INDEX, ELPHR. CINHO4510
C INHO4520

IFUTIME(J) WLT.7..0R.TIME(J).GE.21.) GO TU 310 1KHO04530
ELPWAR=1. INH04540

G0 TO 311 INH04550
310 CONTINUE INHO4560
ELPWAR=0. INH04570

311 CONTINUE 1NHO4530
CINH04590

#x2EEXECHICK T3 SCE IF ALL FANS RUNNING#3¥3#¢¥dtssassderssss e ssrss«CINH04600
CINHO4610

TF(TI3.GE.TSETIGO TC 10 INH04620
CINHO4630

*#xxxexCHECK TO SEE IF GUTSIOL CCLDER THAN POSSIBLE TC MAINTAIN TSCT CINHO04640
CINHO4650

IF(TDB.LT.THINIGD TO 20 INHO04660
CINHO4670

wsessss SET UP VENTILATION RATE AND #* b CINHO04680

#¥seékss SET UP DRAYING TEMPERATURE FOR THIS CONCITION ##¢sesssxsssee+( [NHO4590

CINHO4T700

VRGESS=0.5%(VRMAX +VRMIN) 11404710
CALL VENRAT  (WATTSQ.ELPVAR,TD3,TSETTOP,TIDP,AVTD3U, INH04720
1TSLAB,VPGESS,INDIC,1,QCINST, VENTRT, VRMAX INHO04T730
TF(TIME(J) oGT o SORY THLANDS TIME (J) o LT SEORYTM. AND. VENTRTLLTLVRMIND) VINHO4T40
TENTRT=VRMIND NH04750
TF(VENTPTLC2.VRHIND) GO TO 30 INHO04750
IFLVINTRTLGTLVRMAX) GO TG 10 INH04770
TF(VENTRTLLTLVRMIN) GO TO 20 1NH04780
TI=TSET INHO04T790
G0 10 11 INH04800
CINH04310

*x34x8=AGULSS DRYING TEMP WITH HIGH UJTSIVE TEMP #esssssssasksnssasxCINH04320
CINHO04830

10 VENTRT=VRMAX INH04840
TGE 5#%(TO3+TSET) 1NH04850
GO T3 30 1NH04860
CINHO4ETO

**axexx4GUESS ORYING TEMP. WITH LOW OUTSIDE TEMP.¥&sxxsssxskssssssnss( INH04880
CINHO04890

20 VENTRT=VRMIN 1NH04900
TFITIMECS) «GTSORYTHLANDLTIMNE(J) o LTLEDRYTM) VENTRT=VRMIND 1NH04910
TGES=(TMIN+TSET)*,5 1NH04920
GO TO 30 INH04930

30 COUNTINUE INHO4940
CINH04950

#eepwgt*DETERMINE INSIODE TEMPERATURE BY HEAT BALANCE®*»#*#essx¥s23%83CINH04960
CINHO04970

CALL TEMPIN (TGESyVENTRTywATTSQELPWAR,TSLAG, INDIC,TCB,TDP,TEMPI, INH04980
arineP) INH04990
TI=TEMPIL 14H05000
TF(VENTRT.LELVRMINGAND o TILGTLTSET) TI=TSET INHO5010

11 CONTINJE 1XH05020
HA=HACP(TDP) INH05030
CALL BROHTUTI,ELPWAR,QS,QLTGT) INH05040
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CALL TWBIN(TI ,VENTPT,TaB1,QLTOT,HA,TIB) INHO5050

CALL EVPWTR (UNTEVPVENTRT 71, TWGI,EVPH2U,EVPHMUR, 1) 1iH05060

400 CUNTINUE INHO05070
HAI=HAIN(QLTCT s TI, VENTE T, UNTEVP yHA) INHO5080

C AS AN ASIDE CALCULATE HEAT ADDED TO PUULTRY HOUUSE CINHU5081
CALL EVPWTR(UNTEVP, VENTRT ,T1,WGDBHA(TI,HAL) 4EVPH2C, EVPUUR, 1) INHO5090

CALL ELHEAT(WATTSQ,ELPWAR,ELHT) INHO05100

CALL CEILHT(TI,TDB,QUCTUT) INHO5110

CALL WALLHT(TI,TDB,QWTOT) ¥ INHO5120

CALL FLORHTITI ,TSLAD,INDIC,QFTCT) INHO05130
QAD=QS +QLTOTHELHT+QCTCT+QWw TOT+OF TOT INHO5140
IF(J.EQ.1) GO TG 503 INHOS5150
QADDED(J)=QADDED(J=1)+QAD*0OT INHO5160

GC TO 504 INHOS5170

503 CONTINUE INHO05180
QADDED (J)=QAC INHO51590

504 CONTINUE INH05200
425 CONTINUE INHO05210
[4 CINHD5220
C **=x¥3+#PUT CALCULATED VALUES INTC PRINTOUT ARRAYS*###sssssasssssssxe(INH05230
C CINH05240
TOP1(J)=DPHA(FAI) -459.67 INH05250

HADP I =HADP(TOPI(J)+459.67) INHO5260

C HADPI 1S THEORETICALLY EQUAL TG HAI BUT IS USED IN LIEU OF HAL Tu CINHO5261
C MINIMIZE RCUNDING ERRORS INi THE PSYCHROMETRIC PACKAGE CRLATED WHEN — CINHO5262
C CO4PARING VIRIFICATION DATA. THE VEPIFICATICN DATA FCUND THE CINH05253
C HUMIDITY RATIO CCMPARABLE TG HAI OIRECTLY FRGM A DEWPGINT TEMPERA=  CINH05264
C TUrE CCMPARABLE TC TDPI. CINHO5265
HADPO=HADP (TDPO(J=-1+K) +459.67) INHD5270
JH{J)=hADPI-HADPC INHO5280
WRITE(9,123)1Y,H0, 1D, TIME(J) yHADP I, HADPO INHO5290

123 FORMAT(313,3X,F5.2,10X42F10.6) INHO5300
TIDP=TOPI(J)+4459.67 INHOS5310
FLOW(J)=VENTRT INHO05320
TOBI(JI)=TI-459.67 INHO5330
RSPWTR=QLTIT/HLLB( BROTMP) INHO5340
EVAPOT(J)=DiH(J)*VENTRT*DT %60, /VSDBHALTI \HAL) INH)5350
JJ=J-1 1NHO05360
IF(J.EQ. 1) JJ=1 INHO5370
EVPOTT (J)=EVPOTT(JII+EVAPDT(J) 11HJ5330
EVPYRT=EVPMRT+EVPHUR*DT INH05390
EVPH2T=EVPH2T+EVPH20%DT INH05400
EVPTTL=EVPMRT+EVPH2T INHO 5410
QLTUTSEI)=JLTOTS(JJII+RSPHTR*DT INHO05420
VPH2S(JJ)+EVPH2O%0T INH05430

EVPTIJ)=EVPMUR 1NH05440
CVAPSM=EVAPSM+CVPTTL INHO5450

EVP SUM (J)=EVPHRT INH05460
VELMAS=VENTRT/VSUBHAITI,HAT) INHO5470
EVPPGT(J)=(FAI-HA) #VELMAS#60. %07 INH05430
SVPOTT(J)=CVPOTTIJI)+EVPPOT(J) INH05490
PCTHCH(J)=AMCIEVPMUR yEXCDAC, EXwTO 1 #1060, INH05500
PCTNCT(J)=AMC (EVPMRT JEXCDAC,LXWTSM) #100. INH05510

C I8UG 130G I1PU5 IBUG I6UG IBUG IBUS 13US 1BUG 1BUG IBUG IBUCINHO5520
IF(IBUG.EQ.0) GU TO 9999 INHO5530

2 TH=DRY 4 INHO5540

ORYF TW=DRYW INH05550

PRINT 9504K,T08,TOP, TINC(MTINE) yMTIME IKNHO05560
PRINT 9001 INH05570

9001 FORMAT(OX'DRPSAR' ¢ T25,*ORYRTH, 139, *DRYSUF' 4753, 'HAL ',T67,'EVPH2INHO5530
ADY, LAX'EVPH2T! \TYS , 'EVPMUR® , T109, *EVPHAT' ,T123, ' EVPTTL', /10X " TEM? I INHO5590
E'4T264'TGES"y  T40,*TI*3T54, 'TIN' }T68, ' VENTRT ', T82, *VRGESS ' 4190, 'WINHI5600

2ATSAR?4T110,'OCONST*4T123, ' THEl ") INHO56 10
PRINT 9000,DRPSAR, DRYPTH, DRYSUF, HAl, EVPH2G,EVPH2T,EVPAU  INH05620
LR EVPMFT,EVPTTL, TEMPITGES, TT T 1N, VENTRT, VRGESS yWATSAR,QCONST  INHO5630
2, TRDI 1HH05640
9000 FOFMAT (2X,SE14.3,/42X,9E14.3) INHO5650
PRILT 90024DRYRTW 11H25660
9002 FORMAT(6X, "DRYATH="4E14.3) TNHO5670
IF(IBUG.EQ.5) 1BUG=0 INHO5680
9995 CONTINUE INHO5630

C 1306 IBUG 120G IGUC IBUS 18UG I1BUG IBUG 1BUG IBUG 1BUG IBUCINHISTOO
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MTIME=MT IME+1 1HH05710
6 CONTINUE INH05720
TIME(J+1)=TIME (J)+0T INH05730

[4 CINHO5740
C ##%25£x*xCENERATE WEATHER FOR A NEW DAY IF LGOP PASSES MIDNIGHT.  *##CINH0O5750
C CINA0S5T760

IF(TIME(J+1)eLEL24.) GU TO & INHO5770
TIME(J+1)=TIME (J+1)-24. 1NHO5780
K=1-J 1KHO5790

CALL WETHER (NN, THINF) INH05300
IDNIN)=1D 114H05810
BTYIMENIN)=BTIME INH05820
HTHCN(N)=HTMC INHO05830
MNN(N)=MN INHD5840
MXNCN) =MX INH05850

BRI(N RDS 1NH05860

AT(N) =ATMP INi105870
AVID(N)=AVTDBC 1405880
DPF(N)=TDPF INHO05390
THMIN=CRITMP(TSET,TDPF +4595.67,VRNINykATTS Uy 0.0) INHI5900

4 CONTINUE INHO5910

S5 CONTINUE INHO05920

C CINHO5930
C #¢&xsxc6PRINT CUTPUT TABLE AND WRITE DATA FOR PLOT#&ssssxsxssssxsssss(INH05940
C CINHI5950
13 FORMAT (1K1) 111425960
CALL KEDING INHO05970

0o 1 WRUNLGT INHO5680
PRINT 2, TB(I), TP(I),FLON{I),TO3I(I),TOPILI),EVPT(I),IVPSU4(i) INHD5990
1,PCTMCHET) oPCTMCTL 1) » TIMEL 1) INHO6000

2 FORMAT (1X,E9.3,4E14.3,T67,4C14.5,5X,F5.2) INHO6010
WRITE(109121) 1Y oMo IDsTIME(T) yEVPOTT(L) 4 EVPSUMIT) INHO6020

121 FORMAT(313,3X,F5.2,F8.2,25X,F5.2) 1NH06030
WRITE(B,212) 1Y MO, ID,TIME(1),TBL1),TPLLI),TOBI(I),TOPI(1),DH(1),FLCINHO6040
awtn) 11H06050

212 FORMAT(3134F5.2,10Xs4F6.1,F10.6,F9.0) INH06060
1 CONTINUE 1HH060T0
PRINT 14,AVTDBLRANGEJATMP,MC 10, 1Y, TOPF,BRDS INHO6030

14 FORMAT(//1X,'A MINUS SIGN IN COLUMY 8 INDICATES THERE wAS MORE DRYINHO603Q
ZING DURING THAT TIME INCREMENT THAN MANURE MCISTURE PRODUCED '/  INH06190

Z' DURING THAT TIMC PERIOD.* INHO6110

s 771Xy 'AEATHER DATA FOR THE DAY: AVEKAGE TEMPERATURE',F6.1, INH06120
L1Xy 'DESREES £y TEMPERATURE RANGE',FE€.L1,1X,'DEGREES Fy ATHMUSPHERIC [NHO6130
2PRESSURE "y F6ol y1Xy 1Xy *PSI*/1X 41240/ " 4124%/"412,18%, ' DEWPCINT TEMPEINHOE140
3RATURE" yF6.14"CEGREES' s F',5X, *NUMEEK GF EIRDS:',F6.0) INH06150

C 18UG IBYG 1BYG 1BUG 1BUG IBUG 1BUG 1eUG 1BUG IoUG IsUG  IBUCINHU6160
1F(MBUG.EQ.0) GC TC 5000 INHO61T70
PRINT 13 INH06180
MM=(48/2)/0T INH06190
PRINT 4110 INH06200

4110 FORMAT(1X,'PAKTITIONING OF EVAPCRATED MCISTURE ANC A COHPARISON OF INHO6210
@ PGTENTIAL EVAPCRATION OF VENTILATING Alk.'//) INH06220
PRINT 4120 INH06230
4120 FOPMATITS3,'E VA PORATI ON TG TAL'TT,*EVAPURATICN', INHO6240
$T3€,16(1H¥) 4T28,14(1H*),T104, 'HEAT ACDED', INH06250
@722, "POTENTIAL ' 4/TSy "DURING 3 T21, *CVAPCRATION' 4 T38, 'FREM',T52, ' FROINHO6260
B9 T66,"FROM? , T30, *FRCM TS, *VENTILATION'/T11,*DT" ,T22, *DURING DTINH06270
5047364 'WATERERS' ,T4G, *RESPEPATIGN ' T65, *MANURE" ,T77,'ALL SOURCES' INH06230
#4792, *PUTENTIAL,T2,'TIME',T1D5,* 1C AIR") INH06230

DO 3125 P MM 1HHO6300
PRINT 4122, TIME(I1) 4 EVAPDT (i) 4 EVPPCT (M) 4 EVPHZS (1), ULTOTS(1) , EVPSUM{ INHO6310

@M)y EVPDTT(4), EVPGTT (M), GADDED (M) INHD6320
4122 FORMAT(1XyT4.14EL12450E13.5,1%,6E14.5) 1NH06330
3125 CONTINUE INH06340
PRINT 4120,VARDTA INH06350
4120 FORMAT (/T55,'HOUSE T EVAPGRATICH',T70yE12.5) INH06360
PKINT 14,AVTDBC,KANGEsATMP,MC410,1Y,TOPF,0RDS INH06370

C IBUG 1BUG IBUG IBUG 1BUG IBUG IBUG 16UG 1BUG 1BUG IBUG IBUCINHO6330
5000 CCHTINUE INH06390
EVPRMV (H)=EVPSU¥(RUNLGT) 1NH06400
PC(N) =PCTMCT (RUKLGT) INHO6410

3 CONTINUE INH06420
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CALL HEAD INH00430
D0 2120 M=1,MN 106440

PRINT 21214 MON(H)MIDNCA4) o 1IDKCM) , IYN (M) o bTEMN (M) BT IMEN(M) yHTMCRIMIKHO6450

1) 4PCUN) 4 EVPRMV () INH06460
2121 FORMAT(LXy 124"/ '912,"=1,124" /"4 1242F6.0,T6T4F6.2,TT7,F0.2, INHO64 70
3T954F6.2) INHO6480
PRINT 2119 \MMXN(H) ¢ MXN(H) JMMNN(F) JMEN () 4 BE (M) 4 AT (M) , AVID(M) 114H06490
@DPF (M) 1NH06500
2119 FORMAT(1H#,T41,12, %=1, 12,T46412,'="412,T27,F6.04T34,F6.24T54,F4.0, INH06510
aT59,F4.0) INHO€520
WRITE(1L192132) IYNIM) o MCN(M) o MIDNIM) o IDN(K), EVPRAVIM) ,,PCLM) , 1NHOG530
QAVID(M) 4 OPF (M) INH06540
2132 FCRMAT(412,4E12.5) INHO6550
2120 CONTINUE INH06560
END FILE 7 INHOC570

END FILE 8 1NH06530

END FILE 9 1NH06590

END FILE 10 11H06600

END FILE 11 INHO6610
STOP 9999 1NH06620

END INH06630
SUBRCUTINE ABLCCK INHO6640
sERETLH INH06650

CINHO6660

CINHO6670

THIS SUSROUTIWE SETS ARRAY VALUES EQUAL TC ZERC OR A TAG VALUL CINHO06630
C INH06690

CINHO6T00

haad 1KHO67 10

CINHO6720

CINHO6T30

CINHO6T40

DEFINITION 0 F TERRS CINHO6T50

CILIH06T60

SEE MAIN PRUGRAM FOR ACRTAYKS NOT CINHO6TTO

LISTED HERE CINHO6730

CINHO6790

C INH06800

CINHO6810

bddd CINH06820
COMMON/WR/TDBU(48) yTOPCL4E) 4 TO3I(48) 41 IME(4B) yMTIME,TOPI(438) 1NHO6 830
CCMMCN/WRL/FLOY(48)y EVPT(48), EVPSUI(48) s PCTMCHI4E),PCTMCT(46) INHO6840
COMMON/B1/EVAPOT(48) yEVPDTT(45) yEVPH2S (45), GLTCTS(48),0PF(45) 111H06850
CCMAON/B2/MON L 4E) yMTON( 48) 4 IDN( 4814 1YN( 48)4BTIANL 48) 11H06860

COMMUN/B3/ 3TIMEN( 48) yHTYCNL 48),PCL 45),TB(48),TP(43) ,EVPRIIV(4B) [NHOE8T0
COFMON/BA/MIXN(48) 3 MHXNI43) ¢MNN(48) 4 AMKII(46) 4BR(48) 4 AT(48),AVID(48) INHI6BB0

D0 24 M=1,48 INH06890
INHO6900
1i4H06910
INHD6920
1NHN6930
1HH06940

0. 1KH06950

EVPT ()= INH06960

EVPSUM (M)=0. 1NHO6570

PCTMCHIN . INH06980

PCTMCT(M)=0. 1H06990

CVAPNT (M)=0. INHO7000

EVPDTT(M)=0. INHO7O10

EVPH25(M)=0. INHOT020

QLTCTS (™ INHOT030

T8 (M 1NHOT040

ap M INHO7050

CONTINUE 1NHI 7060

MTIME=1 INHOTOT0

RETURN 11HH0 7030

END 1MHO7090
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FUNCTION AMC(M2CRMV,ORIGMC,ORIGKT )

INHO7100

SrtTrEELEEEREELLESIES s

THIS SUBPOUTIKE CALCULATES THE MOISTURE CONTENT OF A MATERIAL 04 A

CINHOT110
CINHIT120
CINHOT130
CINHIT 140

WET BASIS WHEN GIVEN ORIGINAL MOISTURE CONTENT AND WATECR REMUVED. CINHO7150
IF WATER IS ADDED, H2GC REMGVED SHOULD BE NEGATIVE. CINHOT7160
CINHO7170

ClikHOT180

INHO7190

CINHO7200

CINHO7210

DEFINITIGN 0F TERMS CINHO7220

CINHOT230

SEE MAIN PRCGRAM FOR ACRONYIIS NOT CINHO7240

LISTED HERE C INHOT250

CINHO7260

* #%¢4CINHOT270
CINHOT280

AMC-MOISTURE CUNTENT OF MATERIAL, WET BASIS, DECIFAL FRACTICHN CINHOT230
DRYuT=-DRY WEIGHT, CNE UNIT CINHO7320
H20RMV-WATER WEIGHT REMOVED FROM MATERIAL, UNIT AS INPUT CINHO7310
1BUG-AN INTEGER CODE USED FOR DEBUGGING THE PROGRAM CINHOT7320
ORIGMC-CRIGINAL MOISTUKE CGNTENT GF MATERIAL CINHOT330
ORIGWT-CRIGINAL WEIGHT CF MATERIAL,LBS CINHOT340
WATDRO-¥EIGHT OF WATER REMOVED BY DRYING, UNITS AS INPUT CINHO7350
WATRWT=WEIGHT UF WATCR ORIGINALLY IN MATERIAL, UNITS AS INPUT CINHOT7360
WTCO4B-WET WEIGHT GF MATERIAL AFTER DRYING, UNITS AS INPUT CINKOT370
CINHOT380

CINHO7390

et ey tes + 11H07420
CCYMIN/BUG/MBUG INHO07410
DRYWT=(1.=ORIGMC) *URIGHT INHDT420
RIGMC*ORIGWT INHO7430

ATRWT=-H20] MV INHO7440
ATCOMB=WATDRD+DPYWT INHOT450
AMC=WATDRD/WTCLMD 1NH07460
TF(O2YWT.GT 404+ AND.WATDRD.GT 42 0.ANDLAMC.GT.0.) GC TO 2 INHO7470
PRINT 3,DRYWT,KATORDAHC INHO7430

3 FCPMAT (/1X,130(1HW)/1X"NEGATIVE VALUE FCR CRY wEIGHT, FINAL 1hKO7450
IWATER WEIGHT OR RESULTING MGISTURE CUNTENT. THESE VALUES AKE INHO7590
2RESPECTIVELY '/1X3G21.3/1X'IF WATER 1S ADDEC H20REH4V SHOULD BE MEGINKO7510
3ATIVE") INHC7520
IF(MBUG.EQ.O) “BUG=2 INHI7530
PRINT 5 INHO7540

2 CCNTINUE INHO 7550
IF (M3UG.EQ.0) GG TO 38 INHO7560
PRINT 5 1HHO7570

5 FORMAT(/1Xy1001HK) ,'AMC'y 10(1HR)) INHO 7580
PRINT 55 IXHO7590

55 FORMAT(1HO,1J(10HAMC iRl INHO7600
PRINT 1y IdRYWTy WATRWTsWATORDykTCOMbLyANCyH20R MV 4 ORIG.LTGRIGMC INHO7610

1 FORZAT (8Xy'DAYKT'y9Xs'nATRAT® 48X,y "hATOFD* 47X, *WTCOMG* 48Xy "AMC?, INHO7620
211Xy "H20RMV* 43X, *CRIGNT ' 48Xy *ORIGHMC * 4/ 1XBEL4.3) INHO 7630
38 CONTINUE INHO7640
1F("3UG.EQ.2) MEUG=0 INHIT650
RETURN INHO7660

END INHOTETO
SUBROUTINE BROHT (T,DALYT,QS,CL) INHO7630
CEIBECURS I IR SRERALE tar * + INHO7690
CINHO7700

CINHO7T710

THIS SUBROUTINE OETERMINES THE SENSICLE AND LATENT CINHOTT20
HEAT QUTPUT FROM CHICKENS FOR VARIOUS TCMPERATURES CINHO7730
AND DAY CR NIGHT ACTIVITY 3Y TAGLE LUCK-UP. CINHOTT40
CINHOTT50

CINHOTT60
B T e S L L A A 0
CINHO7730

CINHOT 790
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DEFINITION oF TRESREMIES C INHO7300

CINHDT819

SEE MAIN PRUGRAM FOR ACRONYMS NOT CINHOT820

LISTED HERE CINHO7330

CINHU7340

ex EETT RS thEtests et sEastEseL SRR se23C [NHOTB50
CINHO7860

ATURES CGRRESPONDING TC THE ARRAYS #VLDAY* CINHOTETO
F CIKHO7330

ARGL-AN ARRAY CF TEM
AND VLNITE®, OE s
ARGS-AN ARRAY CF TEMPERATURES CORRESPCHOING TO THE ARRAYS *VSDAY# ANDCINHO7890

c
(4
C
(4
Cc
C
C
C
C
c

C *VSNITE®, DEGREES F CINHO7900

C SROS-NO. OF BIRDS IN BUILDING CINMO7910

C DALYT-AiN INDEX FOR [AY=1, FOR NITE=0 CINHO7920

C IBUG-AN INTEGER CODE USED FOR DEBUGGING THL PROGRAM CINHOTS30

C OL-LATENT HEAT PRUDUCT ICN OF 31KDS, BTU PER HOUR CINHIT940

C QS-SENSIBLE HEAT PRCOUCTION GF BIRDS, 6TU PER HOUR CINHOT950

C T-INSIDE TEMPERATURE, DEGREES R AND F CINHO7960

C TASLI-A TABLE LOUKUP FUNCTION SUBRGUTINE CINHO7970

54321 CONTINUE INHO7930

C VLDAY-AN ARRAY OF DAYTIME LATENT HEAT PRCDUCTION VALUES, BTU PER CINHOT990

C HOUR-BIRD CILHOBIIO

C VLNITE-AN ARRAY CF NITETIME LATENT HEAT PROODUCTION VALUES, 8TU PER  CINHO301D

e HOUR=BIRD CINH08020

C VSDAY-AN ARRAY OF CAY TIME SCHSIBLE HEAT PRODUCTION VALUES, BTU PER CINHOED30

4 HOUR-BIRD CINHOB040

C VSNITE-AN ARRAY COF NITE TIME SENSIBLE HEAT PRGOUCTION VALUES, BTU C INH08050

C PER HOUR-BIRD CikHOBO S0

C WIRD-AVERAGE BIRD WEIGHT, L3S. CINHOBOT0

C WT-AVERAGE 3IRD WEIGHT, L3S CINHO8230

C CINHOB090

4 CINHOE100

[ = * INHO8110

DIMENSION ARGS(7) yARGL(8) 4 VSDAY(T) 4 VSNITE(T) INH08120

1 VLDAY(8),VLNITE(8) 1NHO8130

EQUIVALENCE (wT,WBRD) 1NHO8 140

C ON/3UG/IBYG 11HO8150

COAMON/BIRDS/KWERD,BRDS INHOB160

DATA  AEGS /264934204 70156416%.,840y96./ INHOB170

DATA  ARGL 7264434434T47560 1640 9T4498409940/ 1NHO08150

DATA  VSDAY J11.14843,7.3,6.640645,6.34.2/ 1NHOE190

DATA  VSHNITE /60996489064115.315.113.69.6/ 1NH08200

DATA  VLDAY /1eT920142.343.243.3,3.444.2,5.3/ 1NHO8210

DATA VLNITE 71.692.0191299246924212+043.54+4.7/ INHOB220

T=T-459.67 INH08230

1F (DALYT .EQ. 0.) GL TU 2 INHOB240

C  DAYTIME HEAT PRODUCTICA CALCULATIONS C INH08250

1 T#BROS*TAGLI{VSDAY4ARGS,T,7) INH0E260

T#3RDS*TASLI{VLDAY,ARGL+T,8) INH08270

T=T+455.67 1hH08280

33 CONTINUE INHO8290

IF(IBUG.EQ.D) GO TO 9999 1KH08300

PRINT 6 INHO8310

6 FORMAT (/1X,10(1H ) , "BROHT 'y 10(1HW)) 1NH08320

3 PRINT 9030 - INHO8330

9037 FORMAT {1X,'BROHT!,/9X,'T",T25, DALYT®,T39, *GS*,T53,'CL") INHO08343

PRINT 9981,T,DALYT,QS,QL INHO08350

9081 FORMAT(2X4El4.2) INHOE360

9999 CONTINUE INHO8370

RETURN INH08330

C NIGHT TIME KEAT PPODUCTION CALCULATIONS CINH08330

2 T*BROS*TACLI(VSNITE ,ARGS, T, 71 INHOE400

T4BRNS#TASLI(VLNITE,ARGL,T,3) 1INHO8410

+455.67 INHO8420

60 TO 33 INH08430

END INH08440

SUBRCUTINE CEILHT(TIN,T0B,Q) 11HO8450

( B trtt et sttt st IS CCERRTLISREH S IABE FHTL STTRATLHER S AN R 2232288 2( [NHOB460

C CINHOELTO

C CINHO8480

C TH1S SUBRCUTINE DETERMINES THE BUILDING AEAT LOSS CINHO8450
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THRCUGH THE CEILING CINHO6500
CINHOB510

CINHO8520

= P Y sesss INHOB530
CINHOES540

CINHO08550

DRESERIENS ST IS QN 0F TERMS CINHO8560

CINHO8570

SEE MAIN PRCGPAM FGR ACRCNYMS NCT CINHOE580

LISTED HERE CINHO8590

CINHO8600

Fress FEESTL L EETRLTITRRR SR CRETI 3¢ 2C[1IH066 10
CINHOB620

OEFINED IN CRITMP CINHO8630
BLTH-BUILDING LENGTH, FEET CINHOB640
HEIT-BUILDING HEIGHT, FEET CINHO8650
18UG-Al INTEGER CCDE USED FOK DEGUGGING THE PRCGRAM CINHOB660
Q--HEAT TRANSFER THRUUGH CEILING,8TU PER HGUR CINHO8670
DEFINED IN CRITMP CINHOB680
DEFINED IN MAIN CINHO8650
IN-=DEFINED IN MAIN CINHO8700
hl’)YH-BU]LDIHG WIDTH, FEET CINHOBT10
CINHOBT20

CINHO8730

CINHO3740

x * * Ead INHOB 750
Cﬂ\‘MCN/BUu/IBUC‘ INHO8760
12N/BLOG/BLTHWIDTH,HEIT INHO8770
LTi*W10TH INHOB780

3.68 INHOBT90
Q=(TOB=TIN)*ACL/RCL INHOE800
TF(TINGLT.519.67) Q=0. INHO8810

®%% DURING WINTER CEILING HEAT LLSS GOLS TU ATTIC € IS RCTURKED IN THCINHO8820
VENTILATING AIR COF MSU HCUSE #7. INSUMMER(TIN>519.67) AIR COMES CINHO8830
DIRECTLY FRCFM THE OUTSIDE. CINHOB840
IF(I1DBUG.EC.D) GO TO 9999 1NHOB850
PRINT 7 INHOE860

7 FORMAT(/1X,10(1HW) ,'CEILHT',10(1HW)) INHO8870
PRINT 9390 INHO5880
9090 FORMAT(1X, *CEILHT*/GX, *TIN',T25,°TDB",T39, 2 T53, "ACL" ,TE7, "RCL ", INHOSESO
LT81,'BLTH' 795, 'WIDTH' ) 11K08900
PRINT 5091+ TIN,TDBsQsACLyRCLyBLTH,wICTH INHOE910
9091 FORMAT (2X48E14.3) INH08920
9999 CONTINUE 1NKHO8930
RETURN 1HHO08940

END 1NHO8950
INHO8960

FUNCTICH CPALTDS) INHOB8970
T P C INHO8S 50
CINHO8950

CINHOS000

THIS SUBROUTINE FINDS THE APPRCPRIATE VALUE FOR THE THERMAL CAPACITY CINHOS010
OF AIR CINHO0S020
CINHO09030

CINH0S040

o xsasees Bexrares sexxsssex s 4L INHO9050
CIiNH09060

CINHO9070

DEFLNTT TON G F TERMS CINAO9080

CINH05090

SEE MAIN PRCGRAM FOR ACRCNYAS NOT CINHOS100

LISTED HERE CINHO9110

CINHO9120

sarne tEees s LR atd INHO9 130
CPA-THERMAL CAPACITY OF AIR, BTU/LB-F ==-= OR DEGEES R CINHO9140
HTCPA-AKRAY VALUES OF THERMAL CAPACITIES, BTU/LB-F CINHOS150
TARLI-A TABLE LCCKUP FUNCTIGN SUBbRGUTINE CINHOS160
13- 18PUT DRY BULB TEMPERATURE, DIGKEES R CINHOS170
TEP-AR®AY VALUCS CF TENPERATURE, DCGREES R CINHO9130

TF-TEMPEPATURE, DEGRECS F C1NHO9190
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CINH0S200

CINHO9210

B L T e e e e (AT BP0}
CMMON/BUG/1BUG INH09230
DIMENSION TF(15) 1N1H09240
DATA FOR RGUTINE CPA TAKEN FACM KENTS H8 12TH ED P.3-58 CINH09250
THE INPUT TEMPERATURE IS IN DEGRLCES RANKINC. FURCTION *TABLI#* IS CINH09260
REQUIRED. 1NH09270
OIMENSICN TEMP(15) JHTCPAL15) INH0S280
DATA TEMP /€59.674759.67,859.679959.67,1059.67,1159.6741259.67,1351NH09290
19.67,1459467,1959.6792459.6742959.6743459.6713959.67,4459.67/ 1KH09300
DATA HTCPA /2241542434.24502246122521+2564+259122621426594275,.2631NH09310
19.287,.255,.300,.3047 1NH09320
M3UG=18UG INH09330

00 33 [=1,15 1NH09340

33 TF(I)=TEMP(1)1-459.67 INH09350
IF(TDP.GT.671.69) GO TO 1 INH09360
CPA=.2405 INHO9370
IF(M¥3UG.ME.1) GO TC 8 INHO9380
PRINT 55 INH09390
PRINT 333, (TF(J)34=1,10), (HTCPA(K) yK=1,10), (TF(J),J=11,15), (HTCPA(INHOS400

1K) 4K=11,15) INHOS410

8 CONTINLE INH09420
RETURN 1NH09430

1 CCNTINUE INHOS440
CPA=TAILI(HTCPA,TEMP,TDE,15) INH09450
IF(MBUG.EQ.0) GC TO 38 INH09460
PRINT 55 INH09470

55 FORAAT(1HI,1G(10HCPA N INH09480
PRINT 333, (TF(J)sJ=1410)4(HTCPA(K) 4K=1,10)y (TF(J)4J=11,15), (HTCPALINHO9490

1K) ,K=11,15) 1NH09500
323 FORMATI4X'TF',10F1042/1X,"HTCPA',10F10.3/4X,'TF*,5F10.2/1X 'HTCPA" INH09510
1,5F10.3) INH09520
PRINT 209,TD8,CPA INHO5530
200 FORMAT (1X,'T93, CPA',2E23.4) INK09540
88 CONTINUE INHO9550
RETURN INHOS560
ENOD INH09570
FUNCTICN CPw(TDP) 1NH09580

* 8 ® SHESBEREEEXRIE R EEE KR ERKEXEE 2L INHOT 590
CINHOS600

CINKOS610

THIS SUCROUTINE FINDS THE APPRGPRIATE VALUE FOF THE THERMAL CAPACITY CINH0$620
OF VAPCR. DATA FOR CPW TAKEN FPOM WCLTY, WICK, AND WILSCN P.€53. THE CINH09630
INPUT TEIPERATURE 1S IN DEGREES RAWKIN. FUNCTIGN *TABLI* IS WEQUIRED CINH09640

CINHOS650

CINHO9660

xx INHOS670
CINH09680

CINHO5690

DETANETT AN G F FTEENS CINHO9700

CINHO9T10

SEE MAIN PROGRAM FOR ACSCNYMS NGT CINHOS720

LISTED HERE CINHO9730

CINHO9740

B INHO9750

CINHOST60

CPW-THERMAL CAPACITY OF WATER VAPOR, BTU/LE-F OR DEGREES R CINHO9770
HTCPW-ARRAY VALUES OF THERMAL CAPACITIES, £TU/LB-F CINHOS780
TABLI-A TABLE LOCKUP FUNCTION SUbROUTINE CINHO9790
TOP=INPUT OEWPCINT TEMPERATURE, DEGREES R CINH09300
TE4PR—ARKRAY VALUES CF TEAPERATURE, DEGREES R CINHO9810
TF-TEMPCRATURE, CEGREES F CINK09320
CINHO9830

CINHO09640

ERE SR AR B OE I BT HOE R SERARTE RSB ER AR ER LT L X BE CRLREREREE RS2 2482240 INHOGBS0
COM40 /6 6/ 1BUG INHOS 860

ol SICN TF(10) TNHO9870
OIMENSION TEMPR(10),HTCPK(10) 1KHO09380

DATA TEMPR /529.67,671.674709.67,755.674859.674953.67,1059.67,12591NH09890
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1.6741455.67,1959.67/ 18109900

DATA HTCPW /.448y249240483,.475,.47240477,.483,.498,.5174.564/ INHOY310
MBUG=18UG INH09920

DO 33 1=1,10 INH09930

33 TRLI)=TEMPR(1)-459.67 IKHO0SS40
IF(TDP.GT.52%.67) GC TO 1 INH09950
CPW=.448 INH05960
IF(MBUG.NE.1) GO TO 8 INH09S970

PRINT 9 INH09930
PRINT 55 INH09990

PRINT 333,1TF(J)yJ=1,10), (KTCPW{K),K=1410) INH10000

PRINT 200,TDP,CPW 1HNH10010

3 CONTINUE INH10020

9 FORMAT(/1X,10(1HK),"CPW*,10(1HW)) 11LH10030
RETURN INH10040

1 CCNTINUE INH10050
CPK=’ YABLHHYLPM.TEHPR TDP.lUl INH10060
IF(M3UG.EQ.0) GO TO INH10070

PRINT 55 INH10080

55 FOPYAT(1HO,10(10HCPW )) INHL0090
PRINT 333, (TF(J)sJ=1,410) (HTCPWIK) 4K=1,10) INH10100

333 FORMAT(4X,*TF*,10F10.2/1X, "HTCPA',10F10.3) INHLO110
PRINT 200,T0P,CPwW INH10120

200 FORMAT (1X4*TOPy CPhis',y 2E23.4) INH10130
88 CONTINUE INH10140
RETURN INH10150

END INHIC160
FUNCTION CRITMPITSET,TOP,VRMIN,wATTSQ,ELPKHAR) INH10170
[ 111410180
c C INH10190
c CINH10200
C THIS SUSRGUTINE CALCULATES THE MINIMUM CUTSIDE EQUALIBRIUM TEMPER-  CINH10210
C TURE TC MAINTAIN THE INSIOt TEMPERATURE AT THE SET VALUE. CINH10220
[ CINH10230
c CINH1024)
C FERASEIE RIS RS LTI EIEOS ST OR SR 4D INH10250
c CINHLC260
4 CINH10270
[ DEFINITION o F TERHKS CINH10280
c CINM10290
c SEE MAIN PROGRAM FCR ACRUNYMS NCT CIN410200
c LISTED HERE CINHIC310
c CINH10320
C #tsxx R il 1H10330
c CINH10340
C ACL-CEILING SURFACL AREA, SQUARE FLCT CINH10350
C ARL-EFFECT WALL SURFACE ARZA, SC FT CINH10360
C BLTH-BUILDING LENGTH, FEET CINH10370
C CRITMP-OUTSIDE TEMPERATURE AT WHICH HOUSE GEWEPATED HEAT 1S IN BALANCCINH10380
C FCR THE GIVEN ®SET™ INSIDE TEMPERATURE, CEGREES R CINH10390
C ELHT- HEAT EQUIVALENT OF ELECTRIC POWER, 8TU PNR HR CINH10420
C ELPWAR=-AN INDEX FC® LIGHTS, GN=1, OFF=0 CINH10410
C HEIT-8SUILDING KEIGHT, FEET CINHL0420
C 16UG-AN INTEGER COUE USED FOR DEBUSGING THE PRCGRAM CINH10430
C CLTCT-LATENT HEAT PRCDUCTICN OF BIRCS, ETU PER HOUR CINH10440
C QSTUT-SEE MAIN CINH10450
C RCL-THERMAL RESISTIVITY OF ThE CEILING, SC FT-DEGREES F-HOUR PER BTU CINH10460
54321 CCONTINUE INH10470
C RWL=THERYAL RESISTIVITY OF THE WALL, SQ FT-DEGREES F=HOUR PER oTU CINH10+30
C TOP-OUTSIDE DEW POINT TEMPERATURE, DEGRECS R CINH10490
C TSET-DESIRED INSIDE TEMPERATURE, DEGKEES R CINH10500
C UXAREA-THERMAL APEA-RESISTIVITY RATIO FOR BUILOING, BTU PER HOUR- CINM10510
C VRMIN-MINIMUM VENTILATICN RATE OF HOUSE, CFM CINH1C520
C VS-MINIMUM MASS VENTILATION RATE, LB PCR HUUR CINH10530
C WATTSQ-ELECTRICAL POWER APPLIED TG BUILDING, wATTS PER SQ. FOOT CINH10540
C WIOTH-bUILDING WIDTH, FEET CINH10550
c CINH10560
c CINH10570
C #EAAGELFLARSLIDDEBEERS * INHL0580
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WL, SPMy EXRATE

COMMUN/BLOG/BL THo WIDTH, HE IT

CCMMON /PRE SS/PATM
CCMAON/BUG/1BUG

CALL ELHEAT(WATTSQsELPWAK,ELKT)
CALL BROHT(TSET,ELPWAR,CSTCT,QLTOT)
v

LTH*WIDTH

VRMIN/VSCOHA(TSET HADP (TDP) ) ) %60,

IT#2.%(BLTH+WIDTH/2.)

#%%  SINCE END OF RGOM WITH BIRDS NOT EXPUSED DIRECTLY TO OUTSIDE,
wxn ASSUME 1/2 HEAT LUSS. ASSUME LGSS THROUGH FLOCR NEGLIBLE.
*%%x  THIS WOULD BE TRUE FOR SHORT TIME PERICDS AS WILL BE THE CASE
HERE THE HEAT LOSS THRU THE CEILING GUES TO THE ATTIC & 1S RCTURNED
TJO THE SPACE IN THE VENTILATING AIR, THUS ASSUME HEAT LOSS TO

CEILING IS NEGLIBLE.
ACH .

INHL0590
INH10620
INH10610
1NH10620
I1H10630
INH10640
INH10650
INH10660
INH10670
CINH10680
CINH10690
CINH10700
CINH10710
CINH10720
CINHLO0T730

IKH10740

INH10750

INH10760

UXAREA=ACL/RCL+AWL/RWL INH10770
CRITMP=TSCT-(QSTUT+ELHT) /(CPA(TSET)*V5+CPW(TSET )#VS*HADP(TDP) + INH10780
1UXAREA) 1HH10790
IF(13UG.EQ.0) GG TC 9959 INH10800
PRINT INH10310

11 FORMAT(/1X,10(10HCRITMP )) INH10820
PRINT 111 INH10830

111 FORMAT(TS, 'TSET',T21,*TOP* T34, 'VRMIN', 147, 'WATTSQ",T61, *ELPKAR", INH10840
1T784*VS' ,TBI4* QSTGT *4T105,"ACL*/T5, 'AnL "y T21,*RCL" T34, 'RUL", INH10850
2T4Ty 'UXAREA',T6L, *CRITHPY) 1H10860
PRINMT 1111,TSET,TOP,VRMIN,hATTSCyELPWARVS,USTCT ,ACL JAWLRCL,RWLyINH10870
1UXACEA,CRITMP INH10880
1111 FURYMAT(1X,B8E13.3/1X,5€E13.3) INH10890
9999 CONTINUE INH10900
RETURN INH10910

END x 1NH10920
FUNCT 10N DPHA(HA) INH10930
FxrEE IKH10940

CINHL0950

CINHL0560

THIS SUBROUTINE FINDS THE OCW POINT TEMPERATURE FCR A GIVEN HUMIDITY CINH10970
WITH UNITS DESREES RANKINE AHD PCUNDS OF wATER PER PUUND UF URY AIR. CINH10980
DATA IS FROY PEFRYS CHEM. H3 5TH P.12-7 CINH10990
NEW DATA FOR HRATIC IS CALCULATED FRCM LERZW'S MODLEL CINH11000
CINHL1010

CINA11020

TEEEn * * *: FAREEFEEE InH11030
CINH11040

CINH11050

PEFINITIBHN a.r TERHNS CINH11060

CINH11070

SEE MAIN PRGGRAM FOR ACKONYMS NOT CINH11080

LISTLD HERE CINH11090

CINH11100

BELREFUBRERGS * BEEEEELHL INH11110
CINHL1120

ATMP - ATMCSPHERIC PRESSURE FROM LAST CALL CF SUBROJUTINE, PSI CINHL1130
DP-THE DEWPGINT TEMPERATURE, DEGREES F CINH11140
DPHA=THE DEWPCINT TEMPERATURE, DEGREES, R CINH11150
HA-THE INPUT HUMIDITY RATIO, LE UF WATEK/LB OF AIR CINHLI1160
HRATIG-ARRAY OF HUMIDITY RATIOS, LB OF WATER/LS OF DRY AIR CINH11170
TEMPF-ARRAY CF TEMPEKATURCS, DLGF EES CINHL11180
CINH11190

CINH11200

EEEREERACE RS BRI RS R RS EE SR * Ca 1HH11210
COMMON/PRESS/PATM INH11220
MENSICN TEAPF( 92),HRATICIt 92) INH11230

DATA HRATIS / INH11240
1.0037€72,.00102,.001315,.001687,.002152,.002733, 1NH11250

u .003454,.003788,.004107, 1NH11260
2.00445,.004318,.005213,4.005636,.0060914.005578,.0071,.007658, INHL1270
3.0082565.0088949.005575,401034.011084.01191,.0123,.01374,.01475, INH112€0
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4.01582,.01697,.01819,.01548,.02086,.02233,.02389,.02555,.02731,  INH11250
5.02919,.03118,.0333,203556,.03795,.040494.04315+.046064.04911, 11EH11300
6.05234,.055784.05944,.06333,.06746,.07185,.07652,.08149,.08078,  INHL1310
7.09242,.09841y.1043,.11164.1189,.126744135,.1439,.1534,.1636, 1NH11320
Bu1745101€62 019899 4212590227190243)42602102788+42954.3211,.3452, INH11330
9437165 440077243274 .4682,.5078¢.55194.60164.6578,.7218,.7953,.8805, INH11340
2.980271.099414241514416414635,14917,2.295/ 1MH11350

DATA TEMPF / INH11360
1095491009 15492001252730493220340 936213301400 1420 14401464148.7504, [NHL1370
25209540 1564958 4160 01624 1640 1664 1684170017209 744 17Ca 17844804482 INH11380
384218641882990419219421964158471004,1C2.41044910645108.4110.,112. 14111390
49114291164 911849120.91224412444126441234913044132.413444136.4138.,INHL1430
142441440 1462514891504 9152441542 1155.,158.916041162.,164., 11H11410
168491704 4172.9174.91764 917841804 118249184.4186.,188.,190. ,11H11420

71924419 196.4198.4200.7 INH11430
DATA ATMP/=-1./ INH1 1440
1F{PATM.EQ.ATMP) GC TO 1 INH11450

DO 2 I=1,92 INH11460

2 HRATIC(I)=HADP(TEMPF(I1)+459.67) INH11470

1 CONTINUE INH11480
ABLI(TEMPF,HRATIO,HA,92) INH11490

P+4595.67 INH11500

INH11510

INH11520

1tH11530

SUBROUTINE DRYHET (VENTRT,TIN,TOP,JEVAP,ELPRAR, TOE) INH11540
FEEREEEEIRERERE IKH115590
CINH11560

CINH11570

TH1S SUBRCUTINE CALCULATES THE HEAT USED FCR ALL EVAPORATION. CINH11580

CINH11590
CINH11600

et P L T INH11610
CINH11620

CINH11630

DEFIKITION 0F TERMS CINHL1640

CINH11650

SEE MAIN PRCGRAM FOR ACRCNYMS NCT CINH11660

LISTED HERE CINH11670

CINML1€80

SrrsrIrsRE CINKL1650

CINH11700

BLTH-BUILCING LENGTH, FEET ¥ CINHLIT10
DP1-DEWPGINT TEMPERATURE BASED ON CALCULATE INSIDE HUMIDITY RATIC,  CINHL1720
DEGREES R CINH11730
ORPSAR—SURFACE AREA OF DROPPINGS, SQ. FEET CINH11740
EVAPH20-WATER EVAPCRATED FROY wATERS, LbS. PER HOUR CINY11750
EVPMUR-WATER EVAPCRATED FROM MANURE, LBS. PER HC R CINH11760
HA-THE A3SOLUTE HUMIDITY AT THE OUTSIDE OEW POINT TEMPERATURE, LBS CINH11770
PER LB. CINH11780
HAIN1-HUAIDITY RATIC OF INSIDE AIR AS FCUNC FUR #CRYHET#* CONDITIUNS, CINH117SO
LBS OF H20 PER LB OF DA CINHL1800
HEIT-BUILCING HEIGHT, FEET CIKH11310
18UG-AN INTEGER CODE USED FOR DEBUGGING THE PRCGRAM CINH11820
PATY-ATMOSPHER1C PRESSURE, PSI CINH11830
PS—SATURATED VAPCR PRESSURE AT THE DRY BULR TEMPERATURE, PSI CIHH11840
4321 CONTINUE INH11850
QEVAP-THE HEAT 10 EVAPOKATE THL WATER FRCH MANURE AND WATERERS, BTU CINH11860
TOP-QUTSIDE DEW PLINT TEMPCRATURL, DEGRLES R CINH11870
TIN-TEMPERATURE, INSIDE HOUSE, DEGREES R{USED IN SUBROUTIMNES) C1K411880
TWB-WET BULD TEMPERATURE BASED OK CALCULATED INSIDE HUIDITY RATIO,  CINH11890
DEGREES R CINH11900
TwBI- INSIDE WETBULS TEMPCRATURL, DEGREES R CINH11910
UNTEVP=TOTAL WATER EVAPORATED IN UNIT TIME, L3S. PER HOUR CINHL1520
VENTRT-VENTILATICN RATE THRGUGH HOUSE AT TIME CF CALCULATION, CFM CINHL1930
WATSAR-SURFACE AREA OF EXPUSED WATER IN HCUSE CINH11540
WIDTH=SUTLCING WIDTH, FEET CINH11550
CINH11960

CINH11970

xe sexssasre * trztrsesesesckesrsersseses([NH11980
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CCMMIN/BUG/ 1BUG 11411990
CCMMON/3LDG/BLTH, W IDTH,HE IT INA12000
CUMMAON/CVP/DRP SAR » WATSAR [NH12010
CCMMIN/PRESS/PATH INH12020
HA=HADP (TDP) INH12030
CALL BROHT (TIN,ELPWAR,GSTOT,GLTGT) INH12040
CALL TWEIN(TIN,VENTRT,ThGI,QLYCT,HA,TDA) INH12050
CALL EVPWTRUNTEVPy VENTRT TIN, TWB1,EVPH20,EVPMUR, 1) 1NH12060
HALNL=HAIN(QLTCT,TINyVERTRT,URTEVPHA) NH12070
IF(HAIN1.GT..0007872) GO TG 3 INH12080
PRINT 10,HAINL INH12050
10 FORMAT(1X, 15(THDRYHET  )/1X,"ABSCLUTE HUMIDITY INSIDE IS:',G21.7INH12100
1,' THE RETURNED VALUE IS: 0.0007872') INHL12110
HAIN1=.0007372 INH12120
IF(1BUG.EQ.0) I8UG=2 INH12130
3 COUTINUE INH12140
DP1=DPHA(HAINL) INH12150
IFIDP1.LT.TIN) GG TO 2 11iH12150
TWB=TIN INH12170
PRINT 6,0P1,Tw8 INH12180
9 FORMAT (1X,20(EFORYHET)/1X " INSIDE DEWPOINT GREATER THAN DRYBULB. INHL2190
10EWPOINT G21.7,"WETBULB SET AT:',621.7) 1NH12290
G0 TO 1 INH12210
2 CONTINUE INH12220
TWB=WEOPRHA(TIN,HAINL) INH12230
1 CONTINUE INH12240
CALL EVPWTR (UNTEVP,VENTRT,TIN,TW8s EVPH2C,EVPMUR, 1) INH12250
QEVAP= UNTEVP*HLDB(TIN) *(~-1.) INH12260
IF(1BU5.LQ.0) GO TO 9999 14H12270

™ SDBITIN) INH12230

. INH12290

PRINT 11 INH12300
11 FORMAT(/1X, 100 1HW) y*ORYHET",10(1HW)) INH12310
PRINT 9030 INH12320

9030 FCRMAT (1X*ORYHET'/9X'VENTRT',T25, 'TIN',T39, 'TOP",T53,"DKPSAR" ,T67, INH12330
L'WATSAR®yT31,'EVPMUR® 4 T95, 'EVPH20',T109,'CRY *4T123,'QEVAP', /10X INH12340

2'BLTH" yT26 4 "HA" 4 T40, "HAINL ' yT54,'PS* ,T68,"UNTEVP',T32,'0P1 ') INH12350
PRINT 9031 VENTRT, TIN,TOP,DRPSAR,wATSAR,EVPMUR EVPH2O,DRY 1MH12360
1QEVAP, BLTHyHA, hAINL,PS, UNTEVP,DP1 INH12370
9031 FORMAT (2X,9E14.3/2X,6E14.3) INH12380
IF(18UG.EQ.2) 1BUG=0 INH12390
9999 CONTINUE INH12400
RETURN INH12410
END INA12420
SUBROUT INE DRYRAT(VENTRT,TIN,TWE, DRYRTM, DRYRT K, ME) INH12430
D R T P P o R P %)
CINH12450

CINH12460

THIS SUBROUTINE CALCULATES THE DRYING RATE USING THE HEAT TRANSFER CCCINHL2470
FICIENT CINH12480
AS OUTLINED 3Y PERRYS HANDSOUK PAGE 15-35. PARAMETERS ARECALCULATED CINHL2490
POM DATA CINHL2500
IN WELLS THESIS. (PERRYS 4TH ED 1963) CINH12510
CINH12520

CINH12530

EEE * FEEHEEEH A SR *#e%22( INH12540
CINH12550

CINH12560

DEFINITION 0F TERKHKS CINH12570

CI1KH12580

SCE MAIN PPOGKAM TOR ACRONYMS NGT CINH12550

LISTED HERE CINHL2600

CINH12610

aEEsEEE ARSI IR ET SR OB SR 224 RC [NHL 2620

CINH12630

ALPHA-CONSTANT DETERMINED BY EXPCRIMENT FOR CETLRMING THE HEAT CINHL2640
TRANSFER COUCFICIENT. CINH12650
BOAKEA - AREA 2F CNE BIRD IN CRUSS SECTICN, SQ. FT. CINH12660
BLTH-BUILDING LENGTH, FEET CINH12670

HMUTMP-TEMPERATURE AT WHICH *DIFHMN® 15 APPRCPRIATE, DEGREES C CIKH12680
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EKnREA - APPROX. CRCSS SECTIONAL AREA BLCCKED FGR AIR FLGW BY BIRDS, CINHL2690

CINH12700

CPLI'«"-‘!W?'“ TURE AT WwHICH *DIFCRC* IS APPRGPRIATE, DEGREES C CINH12710
DC-CHARACTERISTIC DIMENSION OF THE DRYING SUKFACE, FEET CINH12720
(THE LENGTH OF THE AIR PATH CVER THE DRYING SUKFACL) CINH12730
4320 CONTINUE INH12T740

DELTAX-DIFFERENCE IN ELEVATION CF WATER SURFACE AND WATERER RIM, FT. CINH12750
OIFCRC-DIFFUSION COEFFICIENT AS FCUND I CRC HANDROOK, SQ.CH./SEC CINH12760
DIFHMN-DIFFUSION COEVFICIENT AS FUUND IN HEAT TRANSFER BY HOLMAN, S@ CINHI2770

DIFSN-DIFFUSICN COEFFICIENT, SC CH/SEC. CINHL2780
DRYF—ALTERNATE VALUE FCP #DRYRTM* CINH12790
DRYRT#-THE DRYING RATE AS CALCULATED, LBS. OF WATER PER HOUK-S3.FT. CINH12300

COEFICIENT CINHL2C10
DRYRTW=THE DRYING RATE AS CALCULATED FOR WATER SURFACES, LBS GF WATERCINHLI2820

PER HOUR-SQ FT CINH12330
DRYW-ALTERNATE VALUE FOR #DRYTw# CINH12340

EXPN-A CONSTANT DETERMINED BY EXPERIMENT FOR DETERMING THE HEAT TRANSCINHL12850

C
o}
(4
C
©
5!
C
c
i
C;
C
c
C
C
C
C
i}
C G-MASS GCITY, WEIGHT RATE UF FLOW PEK CRCSSECTIONAL AREA, L3S./HK.CINHL12860
G SQ FT CIHH12570
C HEI[T-BUILDING HEIGHT, FEET CINH12380
C HT-HEAT TRANSFZR COEFICIENT, BTU/HR.-SQ.FT.-F CINH12890
C LAMBDA-LATENT HEAT OF VAPORIZATION FOR WATER AT TEMPERATURE OF MATERICINHL2900
C MBUG-CODED FACTOR FOR DESIRED PRINTGUT AS NOTED ELSEWHERE CINAL2910
C ME- A CODED INDEX TU SHOW FROM WHITCH SCURCE *DRYRAT* IS CALLED,2=TWBCINHL2920
© 1=CTHER CINH12930
C MDOTH-MASS FLOW RATE OF WATER VAPOR, LBS/HR-5Q. FT. CINH12940
C MW-HOLECULAR WEIGHT DF WATER CINH12950
54321 CCNTINUE INH12950
C ONELGT-THE ONE-HALF CIRCUMFERENCE OF A 2 C4 DRGP?ING, CINHL2970
C PAL-THE DIFFERENCE BETWEEN BARAMETRIC PRESSURE AND SAYURAT[U VAPCR CINH12980
C PRESSURE OF THE AIR, PSI CINH12590
C PA2-THE DIFFERENCE BETWEEN BAROMETRIC PRESSURE AND THE VAPOR PRESSURECINHI3000
C OF THE AIR, PSI. CINHL3010
C PATM-ATMOSPHERIC PRESSURE,PSI CINH13020
C PI-THE CCHSTAMT RATIO CF CIRCUMFERNCE TG CIAMETER CINH13030
C RO-UNIVERSAL GAS CCNSTANT, LB.FT./LB CEGPEES R CINHL3040
C ROWS — NUMBER OF RUWS OF CAGES THRU HOUSE CINH13050
C TEMRTE-RATE OF CHANGE FCR DIFFUSIUN WIThH TEMPERATURE, SQ CM/SEC. C  CINH12060
C TIN-THE TEMPERATURE CF THE DRYING AIR, DEGREES R CINHL3070
C TS-TEMPERATURE CF MATERIAL BEING DRIED (WLLLS P. 70) DEGREES R CINH13030
C THB-WET BULB TEMPERATURE UF VENTILATING AND/CK DRYING AIR, DEGREES P CINH13090
C VEL-VELGCITY OF DRYING AIR OVER MATERIAL CN BELT, FT/AIN CIiiH13100
C VEMTRT-THE VENTILATION RATC IN THE HOUSE AT TIAE CF CALCULATIGH CINHI3110
C CKM UUTSIDE AIR CINH13120
[4 WIDTH OF wATERERS, FLET CINH13130
4 ET BULB TEMPERATURE USED TG CALCULATC DRYRTHM. CINH13140
C WIDTH-BUILDING “IDTH, FEET CINHL3150
(4 CINHLI3150
4 CINHL3170
[ ** INH13180
CCHMAON/PRESS/PATM INHL3190
CCMMON/BLOG/ELTHy WIDTH HEIT INH13200
CCMMIN/DRY /DRY M, DRY W 1NH13210
CCHMIN/BIRDS/WEBRD,BRODS INH13220
CCMMON/BUG/ 13UG INH13230
REAL LAMBDA,MDOTH 1NH13240
Wa=Tu8 INH13250
IF(TWB.LE.TIN) GC TO 2 INH13260
W3=TIN-.91 INH13270
WRT 3, INH13280
12 FORMAT(/1X,10(1HW) 4 *IRYRAT' 4 10( 1ii) ) 11H13290
WRITE(3410) VEL yTINsuBsDCyGoHT TS, LAMRSA, DRYRTM, DRYSTH KH13330
WRITE(3,1)TVs, TIN, wB INH13310
1 FORMAT(L1X,130(1H")/1X,*"VET BULS LAXGER THAl DRY BULB TEMPERATURE. INHL13320
L TdB='4621.3,10X,'TIN=",621.8,10X, "DEGREES RANKINE'/ INH12330
21X, 'WET BUL3 RESET T0:'4521.6) INH13340
2 CONTINUE INH13350
PI=355./113. INH13360
40202222 1KH13370
«12224217622 INH13380
CNELGT=P1%2./2. INH13390

DC=(UNILGT/ (2.54%12.)) INH13400
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HELLS SAVS TS SHOULD BE wWu+.9 BUT ALPHA AND EXPN ARE DETERMINED USINCINH13410

INH13420

LAM30A=FLDBITS) INH13430
ROWS=4 INH1 3440
BDAREA=0.2 INH13450
CKAREA=(3RDS/RChS) *BDAR EA INH13460
VEL= ABS(VENTRT )/ ((HEIT*3LTH)-CKARCA) INH13470
G=(VEL/VSD3HA(TIN,HAPVIPVD3WELITIN, WB))) )#60. INH13480
HT=(ALPHA® (G¥*EXPN) ) /(DC*#* (1.—EXPN) ) INH134%0
ORYRTHM=(HT/LA4BOA) #(TIN-TS) INH13500
FROM HEAT TRANSFER BY HOLMAN P. 260 CINH13510
DIFCRC=.239 INH13520
DIFHYMN=.256 INH13530
CRCTMP=3. INH13540
INH12550

OTFHMN=DIFCRC )/ (HMNTHP=CRCTHP) 1NH13560

OIFSN =(DIFCRC+TEMRTE* ((TIN-459.67)-32.)%5./9.)%3600.%1.07639E-3 INH13570
INH13530

. INH13590
DELTAX=2./12. INH13600
PA2=PATH=-PVDBWSITIN, WB) INH13610
PAL=PATM=-PSOBITIN) INH13620
MDUTW=((DIFSN#PATH#4W ) /(RCG*TIN*DEL TAX) ) #ALOG(PA2/PAL) INH13630
DRYRT! DCTW*144. INH13640
DRY4=DRYRTM INH13650
DRY=DRYRTW INH13660
IF(18UG.EQ.0) GC TG 88 INH13670
PRINT 55 IHH13680

55 FORMAT(1HO,1C(10HDRYRATE 1) INH13690
PRINT 104VELsTIN, W2,0C,GyHT,TS,LA4BCA, DRYRTM,DRYRTH 1113700

10 FORMAT(//TX'VEL', TTIN' ,T35,% Wo *yT48,'0C 4T62,°G" 176, HT*, TOINHI3T10
10 'YS'.YlOG"LAM DA' /71Xy BEL444/TT 4*DRYRTH,T21, 'ORYRTW'/2E14.4) INHL3720

38 C(Jth“U: INH13730
RETURN INH13740
END INH13750
SUBRCUTINE DRYSRF (EXSMHS,wATLGT yWATWNT yURPSAR,WATSAP,DRYSUF) INM13750
B N T CINHL3770
CINH13780

CINH13790

THIS SUBRCUTINE FINDS CINH13800
THE SURFACE AREA GF WATEREFS AND “ANURE FCR DRYING CINH13810
CINH13820

CINH13830

N « INH13840
CINH13850

C1iiH13360

SEFIRIT ION 0 F T ERNS CInH13870

CINH13880

SEE HMAIN PRUGRA™ FOR ACRCNYMS NOT CINH13850

LISTED HERE CINH13900

CINH13910

trer e e INH13920

CINH13930

ORPANUM-NUHM3ER OF OROPPINGS UF EXCRETA AS ACCUMULATED THRU THE DAY  CINH13540
DRPSAR-SURFACE AREA OF JRCPPINGS, AS ACCUMULATED THRU THE DAY, SQ. FTCINH13950
DKYSUF-TOTAL SURFA4CE AREA FOR DRYING, SQ. FEET CIN413960
18UG-AN INTEGER CGDE USED FCR CESUGGING THE PRUGRAM CINH13970
PLYWTH-THE WIDTH CF THE ORGPPING BGARDS, FT. CINH13980
WATLGT-LENGTH GF WATERCRS, FEET CINAL3990
WATSAR-SURFACE ARCA CF EXPUSED WATER L4 HOUSE » SQ. FEET. CIN414000
WATKOT=WIDTH OF WATEKING TROUGHS, WATER SURFACE, FEET CINH14010
CINA14020

CINH14030

aEsex « sxrees *CINH14040
CCMNCN/BUG/ 18UG INH14050
CCHMMCN/RATE/CRPNUM INH14060
RPNJM%0.0067573 INH14070

0./12. 1NH14080
LYWTHEWATLGT INH14090

ATLGT#WATWOT

iINH14100
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DRY SUF=DRPSAR+KATSAR INH14110
IFL18UG.EQ.0) GO TG 9999 INH14120

PRINT 13 INH14130

13 FORAAT(/1Xy 100 1HW) 4 *DRYSRF ', 100 1HNW) ) INH14140
PRINT 9020 INH14150

9020 FORMATULLIX'ORYSRF'/GX'EXSMHS' yT25, 'WATLGT" 4 T39, ' WATWDT*,T753, ' DRPSARINH14160
1'4T67, 'WATSAR®,T81, DRYSUF',T95, 'DRPNUH4") INH14170
PRINT 9021, EXSMHS ywATLGT, WATWDT DRPSAR 4 WATS ARy DRYSUF INH14180

1, DRPUUY INHL4190

9021 FORMAT (2X,7E14.3) INH14200
9999 CONTINUE INH14210
RETURN 1WNH14220

END INH14230
SUBROUTINE ELHEAT(WATTSQ, ELPKR,ELHT) INH14240

4 INH14250
[ CINH14260
4 CINH14270
C THE PURPOSE OF THIS SUBROUTIWE 1S TC COMPUTE THE HEAT ADDED BY CINH14280
C ELECTRIC LIGHTS3. AKWATT IS APPLIED POWER IN THE PCULTRY BUILDING. C1KkH14290
C WATTSQ IS THE WATTAGE PCR SQUARE FOCT. ELPWR IS AN INDEX CINA14300
C INDICATING POWER IS UN OR OFF. 3413 IS THE WATTAGE TO 3Ty CINA14310
C CO'IVERSION FACTOR CIiH14320
C CINH14330
c CINH14340
[ EEETTES INH14350
c CINH14360
[4 CINH14370
c DEFINITIULR 0 F TERMHMS CINH14380
c CINH14390
[4 SEE MAIN PROGRAM FOR ACRONYMS NGT CIH14400
4 LISTED HERE C INH14410
C CINH14420
[4 SREMEREERESEER rsxres wxx INH14430
c CINH14440
C AKWATT-LCLECTRIC PCWER APPLIED IN THE BUILOING, KILCWATTS CINAL4450
C BLTH-BUILOING LENGTH, FCET CINH14460
C ELHT- HEAT ECUIVALENT OF ELECTRIC POWER, BTU PER HR CINH14470
C ELPWR=-A!l INDEX INDICATION LIGHTS ARE ON GR OFF CIhH14430
C HEIT-3UILOING HEIGHT, FEET CINH14490
C IBUG-AN INTEGER CGOE USED FOR DEBUGGING THE PROGRAM CIN414500
C WATTS2-ELECTRICAL POWER APPLIED TG BUILDING, WATTS PER SJ. FUCT CINH14510
54321 C INUE 1NH14520
C WIDTH-BUILDING WIDTH, FEET CINH14530
4 CINH14540
4 CINH14550
C #EeaEBeHEIRtRTER0 SRR IR AL EHE INH14560
CCHMON/BUG/ LBUG INH14570
CCMMIN/SLOG/BLTH, WIOTH, HE IT INH14580
AKWATT=WATTSO®3LTH*wIDTH/1000. INH14590
ELHT=AKWATT#3413.%ELPWR INH14690
TF(18UG.EQ.0) GO T3 9999 INH14610

PRINT 15 INH14620

15 FORMAT(/1X,10(1HW) 4 *ELHEAT*,10(14W)) THH14630
PRINT 9050 INH14640

G959 FORMAT (2X ¢ *ELHEAT' o /99X "WATTSC! 9 T25,ELPWR*9T39, "ELHT',T53,"* INH14650
1AKWATT?) INH14060
PRINT $)51, WATTSQ ELPAR,ELHT  AKRATT INH14670

9051 FORMAT (9X,4E14.3) INH14680
9999 CUNTINUE INH14690
RETURN 1WH14700

END INH14710
SUBROUTINE EVPWTR (UNTEVP,VENTRT,TIN,TW3,EVPH20,EVPMUR,ME) INHL4720

C #5345200038849805 83088 st * vrerrex sseseerseesCINHL4T30
c CINH14740
C CINHL4750
C THIS SU3RCUTINE CALCULATES WATER REMOVED FKCM THE WATERERS, THE CIKH14760
[4 MALURE AND THE SU4 OF THESE TWG CINH14770
4 DRYING wATER 1S ADDED TG AIR FRCM MANURE AND WATERERS(ASSUME NO CINH14730
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C SPILLS H20 REMOVED FROM MANURE IN UNIT TIME CINH14790
c CINH14800
g CINH14810
C =%% INHL4820
c CINH14830
4 CINH14840
c DEFINITION UF TERMS CINH14850
c CINH14360
C SEE MAIN PRNGRAM FOR ACRCNY4S NUT CIilH14870
c LISTED HERE CI1H14380
c CINH14890
[4 INH14900
4 CINH14910
C BROTHMP-BUCY TEMPERATURE OF A LAYING HEN, DESFEES R CINH14920
C DRPSAR-SURFACE AREA OF DROPPINGS, SQ. FEET CINH14930
C DRYRTM-THE DRYING RATE AS CALCULATED, LBS. OF WATER PER HOUR-SC.FT. CINH14940
C DKYRTW-THE DRYING RATE AS CALCULATED FOF WATER SURFACES, LBS OF WATERCINH14950
C PER HOUR-SQ CINH14960
C DT-LENGTH OF ITERATICN, HOURS CINH14970
C EVPH20-WATER REMUVED FROM WATERS, LBS PER HOUR CINH14580
C EVPMRT-TOTAL WATER EVAPORATED IN HOUSE FROM MANURE, LBS. CTHH14990
C EVPMUR-WATER FVAPORATED FROM MANURE, LBS. PEK ii0 R C1WH15000
C EVPLIST-THE MOISTURE EVAPORATCD FRCM MANURE AS A RESULT OF ITS INITIALCINHL5010
4 TEMPERATURE BEING GREATER THAN AMBIENT TEMP., LBS PER HOUR CINH15020
54321 CONTINUE INH15030
C EXCDHC-THE MOISTURE CONTENT GF MANUKE AS DCFICATED, DECINMAL FRACTICN CINH15040
C EXWTSM-WEIGHT OF EXCRETA AS ACCUMULATED THRU THE DAY, L3S CINH15050
C HLLST-LATENT HEAT OF EVAPURATION ESTIMATICH WHILE DRYIIG MANURE WITH CINH15060
C THITIAL BODY HEAT, 3TU/LB CINH15070
C IBUG-AN INTEGER COCE USED FOR DEBUGGING THE PRUOGRAM CINHLIS5080
C ME= A CCDED INDEX TO SHCW FRCM WiilCH SUURCE *DRYRAT#* IS CALLED,2=TwBICINH15090
[ 1=CTHER CINH15100
€ 21ST-THE EXTRA HEAT IN THE MANURE AS A RESULT OF ITS INITIAL CINH15110
C TEMPERATURE BEING GREATER THAN AMBIcNT, 8TU PER HOUR CInH15120
C SPM- THE SPECIFIC KEAT CF MANURE,&TU/LB-DEGREE F CINH15130
C TIN-TEMPERATURE, INSIDE HOUSE, DEGREES R(USCD 1il SUBROUTINES) CINHL5140
T Td ET 3ULB TCHMPERATURE BASED ON CALLULATED INSIDE HUIDITY RATIO. CINH15150
c DEGREES R CINH15160
C UNTEVP-TOTAL WATER EVAPCRATED IN UNIT TIPE, LS . PER HOUR CINH15170
C VENTRT-THE VENTILATION RATE IN THE HOUSE AT TIHE CF CALCULATICN, CINH15180
C CFi4 OUTSIDE AIR C1iH15190
C WATSAR-SURFACE AREA OF EXPGSED WATER IN HOUSE SJ. FT. CINH15200
4 CINH15210
-4 CINH15220
¢ . " sx3e INH15230
COMMON/CRT /KCL oRWL 9SPM,EXRATE INi{15240
CCHMON/BUG/18UG IN415250
CCHMIN/ C/EXCDNCEXHTD, EXWTSH, EVPHRT , DT INH15260
CCNMON/EVP/DRP SAR s WATSAR 1iNH15270

CALL DRYRATIVENTRT 4TIN,THBsDPYRTF, DRYKThyHE) INH15280
BROTMP=107.14459.67 INH15290
OLST=EXWTD*SPi* (LROTHP-TIN) /DT I1H153200
HLIST=HLSZ [(BROTHP+TINI/2.) INH15310
EVP15T=015T/HLLST 14H15320
EVOIUR=DRYATMEDRPSAR +EVP1ST INH15330

RWTRY »TSMEEXCOMC-EVPMRT INH15340

IF (KW TRUT¥.G=EVPMUR/DT)1,2,2 1NH15350

1 EVPMJUR=.3*RWwTRAT/DT INH15360
WRITE(3,3) EVPMUR 1NH15370

3 FURMAT(1X,120(1Hw) 95X, 'EVPWTE'/1X,*DRYING SELCW CONSTANT RATE WATEINHLI5330

1R FEMOVED LIMITED TO:* ,G21.7) INH15390

16 (IBUG.E£3.0) 1BUG=2 INH15400

2 CONTINUE INH15410

C K20 REMOVED FRCM wATERS IN UNIT TIME CINHL5420
VPH2O=DRYRTW*WATSAP 1NH15430

C TOTAL HZOD EVAPORATED IK UNIT TINE CINH15440
UNTEVP=EVPHMUR+EVPH2D INH15450
IF(18UG.EC.C) GC TO 9999 INH15460

PRINT 16 4DFYRTW INH15470

16 FOFMAT(/1Xs 10C1HNED »* EVPWTR ", 100 1K) 410X, "ORYRTW=" 1E14.4) INH15480
PRINT 9040 1LH15490

9040 FCRMAT{LX'EVPWLTR'/GX*DRYRTM' ,T25, "DRPSAR" T35, "WATSAR' 4753, ' EVPMURINHL5500
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11,767, "EVPH2G" 4T81, *UNTEVP®) INHL5510
PRINT 9041,DRYRTM,DRPSAR,WATSAR,EVP KUK, EVPH20, UNTEVP INH15520
9041 FORMAT (2X,6E14.3) INH15530
IF(13UG.EQ.2) 1BUG=0 INH15540
9999 CONTINUE INH15550
RETURN 14H15550
END INH15570
SUBRGUTINE EXCRAT  (RIRDNO,DF 4 EXWTSH,EXTD) INH15580

C RSB Eahe Rt e SRt $ T ORREAF RS RERLAL CHTXERL I LRI X LRI LR KRR EABE 222 2C [NHL5590

c CINH15600
g CINH15610
C THIS SUBROUTINE CALCULATES DAILY MANURLC PRCODUCT ICN. CINH15620
C MANUPE PROCUCTION RATE TAKEN FRCM ESMAY, ET. AT ISLK 1975 CINH15630
C MANURE PRCOUCTICN = 0.272 LBS/DAY - HEN CINH15640
¢ CINH15650
C CINH15660
C wssssrteosecssrans sreesarrteretseretireesC NIH15670
c CINH15680
€ CINH15650
C DEESEWIFHCIST L O N CF T EREMES CINH15700
{7} CINH15710
(4 SEE MAIN PROGRAM FCR ACRCMNYMS NGT CINHL15720
G LISTED HERE CINH15730
c CINK15740
C #terxsrcatsne tesrens INH15750
[ CINH15760
C BIRDND- NC. CF BIRDS IN BUILDING CINHL5770
C DF - EXCRLTA DISTRIGUTION FACTOR, FRACTICH OF DAILY EXCRETA PRODUCED CINH15780
4 DURING PERIGD OF *DT#*, LB. CINH15790
C EGRTE-EGG PRODUCTICN RATIU, DECIMAL CINH15800
C EXRATE-RATE OF MANUKE EXERTICON, L3S OF MANURE PER BIRD-DAY CINH15810
C CXWTD-MANURE PROCUCED DURING TIME DT, LBS CINH15820
C EXWTSM-WEIGHT GF EXCKETA AS ACCUMULATED THRU THE DAY, LBS CINAL15630
C EXWTDY-WEIGHT CF EXCRETA PER DAY, LBS. CINH15840
C I13JG-AN INTEGER COLE USED FGR DEBUGGING THE PRUGRAM CINAL5850
c CINHL5860
C CINH15870
C #nsansens . INH15830
CCMMCN/CRT/RCL yRWL 9SPH, EXRAT TNH15850
COMMON/2LG/ 15UG INH15900
EXATOY=EXRATE*BIRDNC INH15910
EXWTO=EXnTDY*DF INH15920
EXWTSM=EXhTSH+EXWTD INH15930
IF(1BUG.EQ.C) GG TC 9999 INH15940

EGFTE =0.€9 INH15950

PRINT 14 IKH15960

14 FURMAT(/1X,10(1HK) 4 *EXCRAT®, 100 1Hu) ) 16H15970
PRINT 9010 INH15930

G010 FORMAT (1X'EXCRAT®/GX*BIRDNC® yT25, "EGRTE® ¢ T35y 'EXWTD*,T53,*EXRTOY ") INH15990
PRINT 9011 ,BIRONO, EGRTEJEXnTL,EXNTOY INH16000

9011 FOFMAT (2X,5E14.3) INH16010
9999 CONTINUE INH16020
RETURN INH16030

END INH16040
SUZROUTINE FLCRHT (T,TSL INDIC,Q) ILH16050

C **ERERRETEERLE s * * 1kH16060
C CINH16070
L CINH16080
C THIS SUBRCUTINE DETERMINES THE BUILDING HEAT LCSS CINH16090
C THROUGH THE FLOOK SLAB. CINH16100
€ CINHL6110
¢ CINH16120
C Attdmsse sttt eetesattpstsrstat LEE2 HEERER sres CINH16130
C CIRH16140
c CINH16150
C DEFINITITION CF TERN3 CINH161060
(4 CINHL61TO
c SCE MAIN PRGGRAM FGK ACRCNYMS NOT CINH16180
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c LISTED HERE CINH16190
¢ CINH16200
o L L T e S L T3 ')
& CINH16220
C BLTH-BUILCING LENGTH, FEET CINH1€230
C CA4U-PKCDUCT OF FLOOR UTILIZATION, AREA, SPECIFIC HEAT, AND MASS CIKH16240
C HZIT-BUILDING HEIGHT, FEET CINH16250
C HTFLO-HEAT TRANSFER PER UNIT FLGCR AREA, 8Ty PER HCUR-SQ. FT. CINH16260
C 1BUG-AN INTEGER CODE USED FOP DEBUGGING. THE PRUGRAM CINHL6270
54321 CONTINUE INH16280
C INYIC-AN INDEX TO CHANGE SLAB TEMPERATURE E.G. DAILY NOT EACH CINH16290
[4 CALCULATICN CINI16300
C Q-HEAT TRANSFER THROUGH FLGPR, BTU PER HCUR CINH16310
C T-10SIDE TEMPERATURE, CEGREES K AND F CINH16320
C TSLAB-TEPERATURE GF FLCOR SLAB, DCEGREES R AND F CINH16330
C UTILIZ-PORTION UF FLOOR NOT COVERED BY MANURE, SQ FT CINH16340
C WIDTH-CUILDING WIDTH, FEET CINH16350
3 CINHL16360
[ CINH16370
[ e INH16380
CCHMON/BUG/ 1RUS INH16390
CNMMON/BLOG/BLTH, WIDTH, HELT INH16400
COMMUN/WTHR/AVTOBO JRANGE ATMP 110, 10, 1Y, TOPF , VARDTA INH16410
T=T-455.67 INHL6420
TSLA3- SLAb—459.67 INH16430

uTI INH16440

c HEAY FLnk PER sC FT CINH16450
HTFLO=1.65% (TSLAB-(T+AVTDB0)/2) INH16460

C ToTAL T FLOW CINHL64TO
Q=HTFLO*ULTHEW IDTH#UTILIZ INH16480

IF (INDIC .NE. 1) GO TC 2 INH16490

C NEW SLAB TEMPERATURE CINHL6500
C SPECIFIC HEAT=0.156, PERRY P.3-136 CINH16510
TILIZ$0.156#BLTH#WIDTH# (10./12.)%120. INH16520

1 SL,\B-.stHTFLu/cAH INH16530
INH16540

2 CUPTXNUE INH1E550
T=T+455.67 INH16560
TSLAS=TSLAB+459.67 INH16570
IF(16UG.EQ.0) GO TG 9999 INH16580

PRINT 17 18416590

17 FORMAT(/1X, 10( 1K) 5 "FLORHT® y 100 1HW) ) IN416600
PRINT 9110 INH16610

9110 FORMAT (L1Xy'FLORHT®,/9X, " T4,T25,'"TSLAE® 4539 *INDIC*,T53,1C",T67, *1kH16620
IHTFLO?Y) INH16630
PRINT 9111,T4TSLAB4INDICsCyHTFLD INH16640

9111 FOMMAT (2X2E14.3,114,2E14.3) INH16650
9999 CONTINUE INH16660
RETURN INH16670

£HD INH16680
FUNCTICN HAIK(GLTOT (TN VERTKT UNTEVP,HA) INH16690

C BEESTSRtEBOERERIREICEFLLAHEOLEESEEETHNT INA16700
& CINH16T10
c CINH16720
C  THIS SUEROUTINE CALCULATES THE INSIDE ABSCLUTE HUMIDITY CINH16730
c C11H16740
c CINH16750
C #xeses *rsrrs CINH16760
c CINH16770
¢ CINh16780
c DEFINITION oF TERMS CINHL16790
c CINH16800
c SEE MAIN PRUGRAM FGR ACRONYHS NOT CILH16310
c LISTED HCRE CINH16820
c CINHL6830
C #rese cxee * sersene sesaseesesnasarssssCINHI6840
c CINH1€850
C AIRLO1-AN ESTIMATE OF THE MASS RATE CF VERTILATION, LES GF AIR CINH16860
c PER MINUTE CINH16870
C AIRLB¥-AIR FLCW RATE, LBS PER MIN CINH16380
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C BROTMP-BODY TEMPERATURE OF A CHICKEN, DEGREES R CINH16890
C HA-ABSCLUTE HUMIDITY OF INCGMMING AIR, LES PER LB CINH16900
C HAIEST - AN ESTIMATE OF THE INSIDE ABSCLUTE HUMIDITY, LBS PER LB CINH16510
C HAIL-ABSGLUTE HUMIDITY GF INSIDE AIR, LBS PER LB CINH16920
C HL-LATENT HEAT CF EVAPCRATION AT CHICKIN BUDY TEMPERATURE, BTU PER LBCINH16930
C IBUG-AN INTEGER COCE USED FOR DEBUGGING THE PROGRAM CINH16540
C QL-LATENT HEAT FRC¥ THE HENS, BTU/HR CINH16950
C QLTOT-LATENT HEAT PKUDUCTION OF GIRDS, BTU PER HUUR CINHL1E960
54321 CONTINUE INH169T0
C KESP1- AN ESTIMATE OF THE MASS MGISTURE RESPIRATICN RATE PER UNIT OF CINHL6980
[ VENTILATION AIR, LB CF MGISTURE PER L3 GF VENTILATED AIR CINH16990
C RESPIR-MOISTURE ACDED TC AIR BY BIRD RESPIRATION, LBS OF WATER PER CIKH17000
c L3 OF AIR CINHL7010
C TIN-TEMPERATURE, INSIDE HOUSE, DEGREES R(USED IN SUBROUTINES) CINH17020
C UEVP4-UNIT EVAPERATICN RATE, LBS CF WATEK PER MIN. CI%H17030
C UNT-TOTAL WATER EVAPGRATED IN UNIT TIME (SAME AS UNTEVP), BL/HR CINH17040
C UNTEVP-TOTAL WATER EVAPORATED IN UNIT TIME, LBS. PER HOUR CINH17050
C VENTRT-THE VENTILATION RATE IN THE HOUSE AT TIME OF CALCULATION,CFM CINH17060
c CINH17070
c CINH17080
c sexekaen x5 INH17050
CCMMON/PRESS/PATH INH17100
CCHMON/BUG/13UG INHIT110
ATRLB1=VENTRT/VSDBHAITIN, HA) INH17120
UEVPM=UNTEVP/60. INHL17130
BROTHP=107.1+455.67 1NHLT140
HL=HLDB(BROTMP) INH17150
RESPL=(QLTOT/(HL*60.)) /AIRLEL INHLT160
HATEST=HA+RESP1 INH17170
AIRLBM=VENTRT/VSDBHA(TIN,HATEST) INH17180
RESPTR=(QLTCT/ [HL*60.)) /ATRLEM INH17190
HATN=HA+UEVPHN/ AIRLBY+RESP IR INH17200
IF(IBUG.EQ.O) GO TG 9999 INH17210

PRINT 5 INH17220

5 FORMAT (1Xo100LOHHAIN Wiwkk ) ) INH17230
PRINT 55,TIN¢RESPIR,QLTOTAIRLBMyHATNy KAy UEVPK, UNTEVP, VENTRT 1HH17240

55 FORMAT(7Xy *TIN® T21,'RESPIR® 4735, 'QLTCT !, T8, YAIRLE 4! ,T62, 'HAIN', INH17250
1T764 *HA' yT90, *UEVP % yT104, *"UNTEVP*, T113, ' VENTRT */1X9EL4.4) INH17260

9999 CONTINUE INH17270
RETURN 1:H17280

END INH17290
SUBRCUTINC HEAD INH17300

C mexes s » sustansssesesonsonssrsasssCINH1T310
[ CINHL7320
c CINHIT330
C THIS SUBROUTINE WRITES THE HEADING FOR A TABLE CINH17340
c CINH17350
c CINHLT360
9 CINH17370
¢ »s INH17330
PRINT 13 INH17350

13 FORMAT (1H1) 18H17400
PRINT 14 INH1T410

14 FORMATU(1X, *TASLE 2 COMPARISON OF WEATHER AMD POULTRY HUUSE EXPERIMINHI7420
1ENTAL CONDITICNS WITH EXPERIMENTAL AND CALCULATED MANURE MOISTURE INH17430

2CONTENT. ') INAL17440

PPINT 1 INH17450
1 FCRMAT(/ 9X,'THEORETICAL MOISTURE CCONTENT (WET', * INH17460
2 BASIS) CF POULTRY MANURE AFTER ODRYING WITH UNHEATED',/ NH417470
3 9Xy'VENTILATING AIR. THE MANURE IS AS DROPPED IN A CAGE LAYININH17480
4G HOUSE WITH DROPPING BCARDS.') INHLT490

PRINT 15 INH17500

15 FOFAATI/T35,8(1H=) ,*WEATHER DATA',E(1h=)/T15, 'STAF T22,'END*» T28INH1T510
Ly "FIRDY g T35, PATHP® 4 T42, ' THAX* 4 T48, " TMIN' , T54, " TAVE' ,T60,'TDP", INH17520
2165, "MCISTURE COMTENT, PERCENT'/T4, 'DATE',T15,'TI4E",T22,'TIME', INH17530

3T26, 'NNL Yy T35, 'PST "y T36,4(5X,*F*) ,T67, *HGUSE 7 CALCULATED'/) INH17540
RETURN 1h17550
END INH17560
SULROUTINE HEDING INH17570
PRINT 13 1iiH17580
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13 FORMAT (1H1) INH17590
PRINT 1 INH17600
1 FURMAT( 9X,'THECRETICAL WATER REMOVAL AND ACISTURE CONTENT (WET INHI7610
2 BASIS) OF PUULTRY MANUKL AFTER DKYING WITH UNHEATID®,/ INH17620
3 9X,"VENTILATING AIR. THE MANURE IS AS DFGPPED IN A CAGE LAYININH17630
4G HOUSE WITH DRUPPING BLARDS.',/9X, 'INSIDE VALUES ART THEORETICAL INHL7€40
5 EXHAUST AIR®) 11iH17650
PRINT2 INH17660
2 FORMAT (//1X  ,T73,'MANURE', T98,'MANURE'/1X INH17670

1 ,'0UTSIDE',T16,'OUTSIDE', 130, 'FLOv RATE'y T44,*INSIDE*, T58 INH17680
2, *INSIDE®,T73, '"WATER REMCVED - LBS' 796, *MOISTURE CONTENT - PERCENINH17690
AT TIME®, /1X 'DRY BULB'y T16,'DEw PLINT', T30,'CFM®, 1NH17700
17129, *HRS INH17710
BT44,"DRY RULB'y T52,'DEW POINT', T72,'CNL HOUR', T86,'LISTED'y INHLTT20
*AT END'y T114 AT END'y/1X, "DEGREES F'y Tl6,'UEGREES F'y INH17730
DT44,"DEGREES F'y T58,'DEGREES F'y T72,'CF DRYING', T86y*HULURS OINH17740

EF Y, T100,'CF ONE*, T114,"0F LISTED!,/1X,T686,'DRYING', T100,INH17750
FYHOUR® ¢ T114,"HOURS "5 /74X 4" (1) 3720, " (2)"4T34,'(3)",T48,"(4)*,T62, ' (INHITT60
65013 T T4y 7(6) 1, T68, *(7)*4T102,7(8) *, TL15,*(S) '3 T128,*(10)7,/) INHLTTTO

RETURN INH17780
END INH17790
SUBROUTINE HOSTRT(CLTH,WICTHyHEIT ,RWL FCLyQMECH,hATLGH,WATWDT, INH1TE00
~KBED, BROSy BEDTHF y EXCDHC , OF o SPH, EXRATE, TMINF,DT, INHL7810
-BY!'VE.RU'LGY.ZNDIC.ELPK Ry TSETF 4 VRMAXsVRMIiv o TSLABF) INH17820

C wwexd INH17830

c CINH17340

C THIS SUBRCUTIKE PRINTS A TABLE GIVING THE CATE, DESIGN PARAMETERS, CINHL17850

c MANAGE4ENT CONDITIONS, WEATHER, AND SIMULATICN DETAILS FGK THE  CINH17860

c SPECIFIC COMPUTER RUN AND DATE. CINHLTBT70

C CINH1T7380

I srrssertesse INHL7890

(4 CINH17300

(4 DEFINITION CF TERMS CINH17910

c CINH17920

4 SEE MAIN PROGRAM FGR ACRCNYMS NOT CINH17930

c LISTED HERE CINAL7940

c CINHL7950

C #xeeess trerennane INH17960

COMMON/WTHR/AVTDBO 9K ANGE, A'l"‘?vHD'IU-IY'TDPF.VARJT»‘« INHLT970

PRINT L14MC,ICy1Y INH17980

1 FOPMAT(1HI1 *CESIGN VALUES USED OURING SIMULATION FOR DATA OF', INH17990
al '8 ,12¢ 21270 INH16000
HT 2,8LTH, W IDTHHEIT,RWLRCL,QMECH INH18010

2 FORMAT(/1X,*BUILDING:"/5X, "LENGTHy FT',T45,F10.2/5X, 'WICTH, FT'y INH18020
3T45,F10.2/5X, "CEIL ING MEIGHT, FT',T45,F10.2/5X, ' INSULATICH-WALLS, INH1§030
*HF=F=SQ FT/5TU"yT45,F10.2/5X, *INSULATICN=CEILING, HR-F-SC FT/8TU', INH18040

<T45,F10.2/5X, ' LIGHTING HEAT, CTU/HR',T45,F10.2 ) INH1B050
PRINT 20,WATLGH,VATHDT INH18060
20 FCKHMAT(SXy 'WATERCR LENGTH, FT',T45,F10.2/5Xs ' WATEFER WIDTH, FT',T4INH18070
35,F10.2) INH18030
PRINT 3,BRDS 4+ CRD 4 BROTMF, EXCOMC ¢ DF 4 SPF EXRATE INH18090
3 FORMAT(/1X, 'LAYING HENS:'/5X,*'NUMRER OF $'4T45,F10.2/5) x.'HEN VEINHLI8100
~IGHT, LBS®,T45,F10.2/5X,'500Y TEMPERATURE, F'T45,F10.2/ INH18110
/YEXCRETA MGISTURE CCNTENT, 3',T45,2PF10.2/5X,'EXCRETA DISTFIBUTIJ’\INHISLZO
4 FACTCR®4T45,0PF10.2/5X,* SPECIFIC HEAT GF MANURE, BTU/LG=F', 11iH18130
1T45,F10.2/5X, *EXCRETA PRCDUCT ION RATE, LBS/HEN-DAY',T45,F10.2) INH18140
PRINT 4, TSETF, VRFAX VRHIN,TSLABF 1NH18150

4 FORMAT(/1X, *VENTILATION:'/5X, "INSIDC CESIGNI(SET) TEMPERATURE, T',TINH18160
145,F10.2/  5¥,"FAXI4UNM VENTILATING RATE, CFM',T45,F10.2/5X, ' MINIHINH181T0
$UM VENTILATING RATE, CFM',T45,F10.2/5Xs*INITIAL SLAS TEMPERATUKE, INH18160
«F 'y T45,F10.2) INH18190

FINT 5,ATIHP,AVTDBL,RANGE, TMINF INH18200

5 FOFMAT{/LX,*REATHER:*/5X, 'ATNCSPHERIC PROSSURL, PSI*,T45,F10.2/  INH18210
5%, "AVERAGE CUTSIDE TEMPERATUPE, F',T45,710.2/5X, "UUTSIDE TEMPERATINH18220
SURE RANGEs F'yT45,F10.2/5X,*CRITICAL LUW OUTSIDE TEMPERATURE, F', INH18230

@T45,F10.2) 1NH1 8240

PEINT €y DT,BTIMELRUNLGT 4 INDIC,ELPW AR INH18250
6 FORMAT(/LX,*SIMULATIUN DETAILS:'/5X, ' TIME ILCRCAENT=-DT, HOURS'y INH18260
#T45,F10.2/5X, * STARTING TIME, CLCCK HCUKS®',T454F10.2/5X, 1HL8270

ITLENGTH OF KUN, HOURS',T45,F10.2/5Xy 'SLAD INDEX',T45,18  /5X, INH18230
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#*'LIGHTING INDCX'yT45,F10.2/1H1) INH18290
PUNCH 11,40,10,1Y INH18300

11 FORMAT( *DESIGN VALUES USED DURING SIMULATIUN FGR DATA OF', INH18310
DEZ N Y S Py Rer D INH18320
PUNCH 2,8LTHy WIDTH HCIT \RHL o F.CL9QHECH INH18330

PUNCH 3,BRDS,WERD ,BRDTNF, EXCTMC,DF SPM,EXRATE INH18340

PUNCH 4, TSETF, VRNAX,VKMIN, TSLABF INH18350

PUICH 5,ATMP,AVTDBO,RANGE, THINF INH18360

PUNCH 60T 3TIMEJRUNLGT 4 INDIC,ELPWAR 11418370
PUNCH 7 INH18380

7 FORMAT(33(2H- ),* -1") 111H18390
RETURN INH18400

END 1NH18410
SUEROUTINE TEMCES (wATTSU,ELPHAR,ST,TAV,TO, TOAVE,TSLAB,INDIC, 11H18420
LVENTFT 4 TCB,TOP,TI, ONETT,TIDP) INH18430

C ** 1NH18440
4 CINH18450
4 CINH18460
€ THIS SUBKCOUTINC CALCULATES THE NET HEAT EXCESS CR SHORTAGE FOR CINH1 8470
C A HEAT BALANCE USED TO ESTIMATL THE INSIDE TEMPERATURE CINH1E430
C 1M *TEMPI* CINH18490
C CINH18500
4 CINH13510
[ = INH18520
c CINH18530
[ CINH18540
C DEFINITICN 0F TERNS CINH18550
c CINH18560
c SEE MAIN PROGRAM FCR ACRCAYMS NOT CINH18570
c LISTED HCRE CINALE580
[4 CINH18550
C wtsnses INH18600
C CINH18610
C ELHT-X HEAT EQUIVALENT CF CLECTRIC PUWER, 8TU PER HR CINH18620
C ELPWAR=-AJ INDEX FOR LIGHTS, ON=1, UF CINH18630
C IBUG-A" INTEGER CUGDE USED FOR DEBUGGING THE PROGRAM CINH18640
C INDIC-All INDEX TO CHANGE SLAB TEMPERATURE [.G. DAILY RATHER THAN EACHC INA18650
C ALC. CIiH1B660
C QCTOT-HEAT TRANSFER THROUGH CEILING, BTU PER HOUR CINA18670
C JEVAP-THE HEAT TG EVAPOKATE THE WATER FROM MANURE AND WATERERS, STU PCINK18680
C HOUR CINH18690
C SFTCT-HEAT TRANSFER THRCUGH FLCCP, BTU PER HCUR CINH18700
C OLTGT-LATENT HEAT PRODUCED &Y BIFDS, BTU PER HOUR CINH1B710
C QUETT-ET HEAT EXCESS UR DEFICIENCY IN THE LAYINS HOUSE, BTU PER HGURCINH1IE720
C 2STOT-SENSICLE KEAT PRCLUCED BY BIRDS, BTU PER HOUR CINH1ET30
54321 CONTINUE INH18740
C GVENT-HEAT ADDEC TC ANO REMOVED wITH VENTILATING AIR, 8TU PER HOUR  CINH18750
C CWTUT-HEAT TRANSFER THROUGH WALLS, BTU PER HCUR CINH1E6760
C ST=ADJUSTED CEILING SOL-AIR TEMPERATURE, CEGREES F CINH16770
C TAV-AVERAGE SOL-ATR TEMPERATURE, DEGREES F CINH18780
C TD2-CUTSIDE DRY BULP TEMPERATURL, DESRIES R CINH18790
C TOP-QUTSIDE DEW POINT TEMPFRATURE, CEGREES R CINH18800
C TI-TEMPEPATURE INSIDE HCLUSE AS CASRIED BY MAIN PRUGRAM, DEGREES K CINH18810
C TC-OUTSIDE WALL SURFACE TEMPERATURE, DLGREES F CINH18820
C TOAVE-AVERAGE CUTSIDE TEMPERATURt, CEGREES R AND F CINH1E830
C TSLAU-TEM4PERATURE OF FLOOR SLAR, DEGREES R AND F CINH18840
C VENTRT-THE VENTILATICN RATE IN THE HOUSE AT TIME OF CALCULATION, CFM CINH18350
C VS-ESTIYATE CF SPECIFIC VOLUME OF INSIDE AIR, CUBIC FEET PER LB. CINH18860
C WATTSQ-CLECTRICAL PCGWCR APPLIED TC SUILDING, WATTS PER SQ. FOOT CINH188TO
c CINH18380
c CINH18890
L T L T TS DT L I )
CCMMON/PRESS/PATH INH18910
CCMMON/BUG/TBUG INH18920

CALL ELHEAT (WATTSQ,ELPRARLELHT) INH18930

CALL DROHT (T1,ELPWAR,QSTOT,QLTCT) INH18940

CALL CEILHT (T1,T0B,QCTOT) INH18950

CALL WALLHT (TI,TOE,2WTCT) INH18960

CALL FLURHY (TI,TSLAS,INDIC,JFTOT) INH16570

CALL ORYHET (VENTRT,T1,TOP,QEVAP,ELPRAR,TDB) INH16980
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© THE HEAT PICKED U® BY THE VENTILATING AIR CINH18990
VS=VSOBHA(TI 4HADP( T 1DP) ) INH19000
QVENT=(VENTRT/VS)* (CPA(TI)+CPh(TIDP ) *HADP (T IDP) )% (TDB-TI)*60. INH19010
QNETT=ELHT +QSTOT+QLTOT+QCTUT+QWTOT+CFTOT+QVENT+JEVAP —QLTOT 1NH19020

30 CONTINUE INH19030
IF(13U6.£0.0) &0 TC 9999 INH19040

PRINT 20 INH19050

20 FORMAT(/1Xs10(1HW),*TEMGES®, 10 (1Hk)) 1NH19050
PRINT 9120 INH19070

9120 FORMAT (1X,'TEMGES'y/T10, 'WATTSQ®T24,' ELPWAR',T38,"ST",T52, 'TAV',11IH15080
1T664*TO' 4 T30, " TOAVE' yT94 ,'TSLAB*,T108, *INDIC'y /10X, *"VENTRT',T26 INH19090
2,'TDB",T38,'TOP",T52,' TI ',T66, T80 9"ELHT *,T94,°QSTCT® INHL9100
3,T108,'QLTOT "4 /10X, *QWTOT 'y T24, "QFTOT*,T38, 'QVENT',T52, ' QEVAP ', TNH15110

4T66,°QCTOT") INH19120

PRINT 9121,WATTSQ,ELPWAR, ST, TAV,TOy TOAVE,TSLAB, INDIC,VENTRT INH19130

1 TDB,TOP,T1,QNETT ,ELHT,GSTOT,QLTCT, QWTOT ,QFTOT,QVENT,CEVAP, INH19140

2QcT0T INH19150
9121 FGRMAT (2XTEL4.3,114/2X3E14.3/2X5E14.3) INH19160
9999 CONTINUE INH19170

RETURN INH15180

END INH19190

SUBROUTINE TEMPIN (TGESyVENTRT,WATTSQ,ELPWAR,TSLAB INH19200

1,INDIC,TOB,TDP,TEMPI,T1DP) INH19210
C . *93 INH19220
C CINH19230
[4 C INH15240
C THIS SUBRUUTINE DETERMINES THE INSIDE TEMPERATURE BY A HCAT BALANCE. CINH19250
c CINH19260
C CINH19270
[4 tressERRREE % INH19280
[4 CINH19290
C CINH19300
c DEFINITION aF TERMS Clinid19310
C CINHLIS320
[4 SEL MAIN PROGKAM FOR ACRONYMS NOT CINH19330
c LISTED HERE CINH19340
= CINHL9350
C Lid CINH19360
C CINHL9370
C DINETT-DIFFERENCE DIFFERENTIAL OF UNETT, BTU/(HR-DEGREE R) CINH19380
C ELPWAR-AN INDEX FOR LIGHTS, GN=1, OFF=0 C1iH19390
€ GES-INPUT VALUE OF TGES CINH19400
C 1bUG-AN INTEGER COJE USEC FOR DEBUGGING THE PRGGRAM CINHL9410
C INDIC-AN INDEX TO CHANGE SLAE TEFPERATURE E.G. DAILY NGT EACH CINH19420
C CALC. CINH19430
C JT-COUNTER USED FOR NEWTONIAN CCRVERSENCE CINHL944%0
54321 CONTINUE INH19450
C OMETTM-WET HEAT FOR FUNCTIGN MINUS ONE, 8TU PER HR. CINHLI9460
C QNETTN-HET HEAT FOR FUNCTION, BTU PER hR. CINH19470
C QNETTP-NET MEAT FUR FUNCTION PLUS CNE, BTU PER HR. CINH19480
C ST-ADJUSTED CEILING SOL-AIR TEMPEFATURE, DEGREES F CINH19490
C TAV-AVERAGE SCL-AIR TEMPERATUFE, DCGREES F CINH19500
C TDB-OUTSIDE DRY BULB TEMPERATUKE, DEGREES K CINH19510
C TDP-UUTSIDE DEW POINT TEMPERATURL, DEGREES R CINH1952)
C TEMPI-THE INSIDLC TEMPERATURE GBTAINED €Y CCNVERGENCE, DEGREES R CINH19530
C TGES-AN INTERMEDIATE GUESS VALUE USED FUR CCNVERGENCE, DEGREES R CINH19540
C TO-CUTSIDE WALL SUPFACE TEMPERATURE, CEGREES F CINH19550
C TOAVE-AVERAGE CUTSIDE TCMPERATURL, DEGREES R AND F CINH19560
C TP-AN ARRAY OF TEMPERATUPES USED FUR NEWTONIAN CONVERGENCE, DEGREES RCINH19570
C TSLAB-TEAPERATURE CF FLOOR SLAE, DEGREES R AND F CINH19580
C VENTRT-THE VENTILATICN RATC IN THE HOUSE AT TIME OF CALCULATION, CFH CINH19590
C WATTSQ-ELECTRICAL POWER APPLIED TU BUILDING, WATTS PER SC. FOOT CINH19620
C CINH19610
C CINH19620
C *ssctospatasastess Eees 18115630

DIMENSION TP(10) INH19640

CCAMCN/BUS/TEUG 1NH19650

DATA ST,TAV,TCAVE,T0/4%-9./ INH19660

SES=TGES 1HH19670

o

BEGIN NEWTONIAN CCRVERGENCE CINH19680
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00 500 JT=1,9
TPLJT)=TGES-1.

[\NH19690
INH19700

CALL TEMGES (WATTSQ,ELPWAR,ST,TAVsTGsTUAVE, TSLAB, 11iDIC,VENTRT ,TDB, INHL9T10

1TOP, TP (JT) , ONETTH, T1DP)
TP(JT)=TGCS+1.

INH19720
INH19730

CALL TEMGES (WATTSQELPWAR ST TAV,TO,TIAVE ,TSLAS, INUIC,VENTRT,TOB, INHL9740

1TOP,TP(JT) +GNETTP,T1DP)
TPLJTI=TCES

INH19750
INH19760

CALL TEMGES (WATTSQ,ELPWAR,ST,TAV,T1CsTOAVE,TSLAB, INDIC,VENTRT,T05, INHI9770

1TOP TP (JT) » QRETTN, TIDP)
DQNETT=(CNETTP-QNETTM) /2.
TPLJT#+1)=TP(JT)-CNETTN/DANETT
IF(TP(JT+1)-TP(JT)aLE.1.) GC TO 502
TGES=TP(JT+1)
500 CONTINUE
PRINT 1500
1500 FORHMAT (1X'SUBROUTINE TEMPIN ERRCR MOT LESS THAN 1 DEGREE F')
502 CONTINUE
TEMPI=TGES
IF(IBYG.EQ.0) GU TO 9999
1F (TEMPI.GT.120+4459.67)1BUG=2
PRINT
FORYAT(/1Y. 4100 LHW) y "TEMPIN® 3 10 (1HW) )
PRINT 9130
9130 FORMAT (1%, 'TEMPIN',/9X,"'GES*yT25, ' VENTRT*,T39, 'WATTSQ',T53,"
LELPWAR® yT67,'ST',T81, ' TAV' ,T95, 'TOAVE" ,T10%, ' TSLAG',T123, ' 1LDIC',
2/710Xs " TD8"' yT264 ' TOP' yT40, ' TEMPL ", T54, ' TP(JT)* ,T6E,'DONETT",T82
34 'GHETTM 3 T96, "QRETTP*, T110,"QGNETTN")
PRINT 91231 ,GESyVENTRTyWATTSQ, ELPWAR 4ST,TAV, TOAVE,TSLAS,INDIC,TD6y
1 TOP,TE4PL, TP(JT), DANETT, INCTTH, CNETTP, SNETTN
9131 FORMAT (2X8El4.3,114/2%X8E14.2)
FUI2US. =
9999 CONTINUE
URN
END
SUBRCUTINE TWBIN(TIN,VENTRT,TH8I,GL  +HA,TU3)

2

INH19780
1HH19790
INH19800
INH19810
INH19820
INH19830
INH19840
INH16850
INH198 60
INH19870
1HH19880
1NH198390
INH19900
THH19910
INH19320
INH19530
INH15940
INH19950
INH19960
INH19970
INH19930
INH19930
INH20000
INH20010
INH20020
INH20030
INH20040

1
C INH20060

CINH20070

THIS SUBROUTINE DITER4INES THE kETBULS TEMPERATURE BY EQUATING THE CINH20030
SU™ OF ATR VAPGK SOURCES TG THE PSYCHRGMETRICALLY DETERMINED ABSUJTE CINH20090
HUMIDITY THRU A NEWTCNIAN CCNVERGENCE. CI4H20100
CINH20110

CINH20120

HERFEEERRD 1NH20130
C11H20140

CINH20150

DEFINITION U F TERMS CINH20160

CINH20170

SEE MAIN PROGKAM FOR ACRCNYNS NOT CINH20180

LISTED HERE C1ilH20190

CINH20200

Rhdhad . * #C1IKNH20210
C1nH20220

DFX - DERIVATIVE OF #FX %, (LBS CF H2C/LBS OF AIK)/DEGREE R CINH20230
i FXP - A FUNCTIGN GF #VE% EQUAL TU ZERC WITH THE CGRRECT CINH20240

S CINH20250

HA-HUMIDITY RATIC FGR CUTSIDE AIR,LB CF H2C PER Lb OF DA CI1iH20260
TwRI- INSIDE WETBULB TEMPERATURE, DEGRECS R CINH20270
dB(I)—INTERMEJILTE WETBULB TEMPERATURE, CEGREC CINH20280
WBGS=4A SULSS WLTbULB TEMPERATURE FOR USE wITH NEWTUNIAN CONVEREKCE, CINH20290
DEGREE R CIKH20300
WBGS1-FIKST GUESS FGF WB, DEGREES R CINH20310
CINH20320

CINH20330

EEEEELLLLERE SR BEEETRR *e Ty txsewsaC [NH20340
CCMMLN/BUS/1BUG INH20350
CTMMCA/PRESS/PATH 1NH20360
DIFENSICH Wb(12) 1NH20370
WBCS=TIN INH20380
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IF(TIN.LT.452.) GO TO 492

WBGS=WBDBHA(TIN,HADBRHITIN,D.5))
492 CONTINUE

WBGS1=WBGS

DO 50 I=1,9

WB(I)=WBCS+1l.
400 COMTINUE
CALL EVPWTRIUNT » VENTRTy TIN, WB(I),EVPH20,CVPMUR,2)
FXP=HAIN(QL/24 sTINJVENTETJUNT/24 4HA)=HAPV(PVDBWB(TIN,WB( 1)) )
WB(I1)=WBGS-1.
CALL EVPWTR(UNT » VENTRT, TIN, wB({1),EVPH20,EVPMUR,2)
FXNM=HAIN(QL/24 +TINyVENTRTJUNT/24 yHA )=HAPVIPVDBWO(TIN,WB(1)))
WB(1)=WBCS
CALL EVPWTR(UNT + VENTKRT, TIN, WB(I),EVPH204,EVPMUR,2)
FXN=HATN(QL/2.4 o TIN, VENTRT yUKT/24 3 HA)=HAPVIPVDBRB(TIN,WEB( 1)) )
DFX= (FXP=FXM)/2.
WB(1+1)=WR(1)-FXN/DFX
TF(RBUI+1)=WBIT).LE.1. cAND.WE(I+1)=-HE(1).GE.0.)GC TO 52
WBGS=AES(WBLI+1))
CONTINUE
PRINT 1500

n
=

1500 FORMAT (1X,'SUBROUTINE Tw3IN ERROR NCT LESS THAN 1 DCGREE F')

52 CONTINUE

TWEI=WBGS

TF(18UG.EQ.0) GG TO 999

PRINT 21

FOPMAT(/1Xy10(1Hh) y* TWBIN *,10(1Hv))
PRINT 23,TIN,VENTRT,TwBI,WEGS1

2

~
w

PRINT 22 4FXP yFXVyF XNy DF X

22 FORMATI(S5X, *FXP' 4723, CEXMY,T37, FXN'yT55, 'OFX"'/2Xy4E14.5)

9999 CONTINUE
RETURN
END

SUBROUTINE VENRAT(WATTSO,ELPWIy TDE +TIN 4TOP ,DPI,
LAVTDEO ¢TSLABVENTG INDIC IND, QACCNST, VENTRy VRMAX)

FORMAT (9X,y *TIN® 4 T25, "VERTRT ", T39, " TWBI ' ,T53, "WBGS1'/2X,4[14.5)

1NH20390
INH20400
INH20410
INH20420
INH20430
INH20440
1NH20450
INH20460
INH20470
INH20480
INH20490
INH20500
INH20510
INH20520
INH20530
INH20540
INH20550
1NH20560
INH20570
1INH20580
INH20590
INH20600
INH20610
INH20620
INH20630
INH20640
INH20650
11H20660
1NH20670
INH20630
1NH20690
INH20700
INH20710
INH20720

14H20730
INH20740

rrrxs sEEEREETERE

THIS SUBPCUTINE DETERMINES THE VENTILATICN RATE 8Y A HEAT BALANCE.

INH20750
C INH20760
CINH20770
CINH20780
CINH20790
CINH2C800

AR ERSERER EET RS *

BEFIN IFTION CF TERMS

SEE MAIN PRCGRAM FOR ACRCNYMS NOT
LISTED HEFE

EERTEOLRARSLEAK RS IHLR IHIBD e rxrer

INH20810
C1NH20820
C1INH20830
C1NH20840
C11H20850
CINH20860
CINH20870
C1h420830

AVSCLT=-AVERAGE SOL-AIR TEMPERATURE, DEGREES F
AVTOB0-AVERAGE CUTSIDC TCMPEKATURE, DEGREES F

DONET —-DIFFERENCE DIFFERENTIAL GF INET

OPI-INSIDE DEWPUINT TEMPERATURE (SAME AS TI3P), DEGREES R
ORPSAR-SURFACE AREA OF DROPPINGS, SQ. FEET

ELHT- HEAT EQUIVALENT CF ELECTRIC POWER, BTU PER HR
ELPWR=AN INDEX INDICATICN LIGHTS ARE CN OR OFF

IND=AN THDICATUR TO BY PASS CONVERGENCE

JK=CUUNTER JSED FGR NEWTOMIAN CUNVERGENCE

» BTU PEn HR.
4321 CONTINUE

QCTOT-AEAT TRANSFER THRCUGH CEILING, BTU PER HCUR
QF TUT-HEAT TRAYSFER THROUGH FLGOR, BTU PER HOUR
QLTOT-LATENT HEAT PRCOUCED bY 8IRDS, OTU PER HOUR
QHETM=VCT HEAT FOR FUNCTION MINUS ONCy BTU PER HR.
QNETN=MET HEAT TOR THE FUNCTION, BTU PCR HR.

R ekt R o e R R R R R R R R R

INH20890
CINH20900
CINH20910
CINH20920
CINH20530
CINH20940
CINH20950
CINH20960
CINH20970
CINH20980

INDIC=AN INDCX TO CHANGE SLAR TEMPERATURE E.Ge. LAILY RATHER THAN EACHC INH20390

CINH21000

ACUNST-THE SUY OF HEAT BALANCE FACTCRS REMAINING CONSTANT DURING CORVCINH21010

CINH21020

INH21030
CINH21040
CINH21050
CINH21060
CINH21070
C1I1n21080
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C QNETP-NET HEAT FOR FUNCTION PLUS ONE, BTU PER HF. CINH21090
C OSTCT-SENSIBLE HEAT PRUDUCED BY BIRCS, BTU PER HOUR CINH21100
C UnTOT-HLAT TRANSFER THROUGH WALLS, BTU PER HGUR CINH21110
C SOLT-ADJUSTED CEILING SOL-AIK TEMPERATURE, DEGRLES F CINH21120
C TOB-DUTSIDE DRY BULB TEMPERATURE, DEGREES R CIKA21130
C TDBO2-GUTSIDE WALL SURFACE TEMPFRATURE, DEGRLES R CINH21140
C TOP-OUTSIDE DEW POINT TEMPERATURE, DEGREES R CINH21150
C TIN-TEMPERATUPE, INSIDC HOUSE, DEGREES P(USEC IN SUBRGUTIWES) CINH21160
C TSLAB-TEMPERATURE OF FLCOR SLA3, DEGREES R AND F CINH21170
C V-THE ERRCR IN VENTILATING RATE AT END UF CCNVERGENCE, CFM CINH21180
C VENTG-AN INTERMEDIATE GUESS VALUE FOR VENTILATION RATC (SUBRUUTIKE VACINH21190
C VENTR-THE VENTILATICON RATE IN THE HOUSE AT GIVCW TIME (SUSRCUTINE VALCINH21200
C y» CFM CINH21210
C VR=AN ARRAY OF VENTILATIGN RATES USED FOR NEWT. CUKVERGENCE. CFM CINH21220
C VRMAX=-MAXIMUM VENTILATICN RATE CF HOUSE, CFM CINH21230
C wATSAR-SURFACE AREA OF EXPOSED WATER IN HOUSE CINH21240
C WATTSQ-ELECTRICAL POWER APPLIED TU BUILDING, WATTS PER SQ. FUDT CINH21250
4 CINH21260
4 CINH21270
C sessx R E Lo INH21280
xvtr\srcr. VR(22) INH21290
CCMMON/EVP /DRP SAR y hRATSAR IN421300
COMMON/BUG/ 1BUG INH21310

DATA AVSOLT,SOLT,TDBO2/3%-9./ INH21320

CALL ELHEAT(WATTSQ, ELPWR,ELHT) INH21330

CALL BROHT (TIN JELPWR,QSTLT,<LTCT) INH21340

CALL CEILHT (TIN,TCB8,QCTOT) 1WH21350

CALL WALLHT (TIN,TCB,QwTCT) INH21360

CALL FLORHMT (TIN 4TSLAB,INCIC,QFTCT) INH21370
QCCNST=ELHT+QSTCT+QLTOT+QCTUT+CWTOT+QFTOT ~CQLTOT INH21380
[FUINDLEC.2) GG TO 2 1NH21390

C BEGIN NEWTUNIAN CCNVERGENCE OF VENTILATICN RATE CINH21400
00 4C0 JK=1, INH21410
VR(JK)=VENTG-.OL*VEN INH21420

CALL VNTWET IVP(JKI'lDn.ﬁJP'TIN'OCDNST'QI\EThELFkAk.DPH INH21430
VRIJK)=VENTG +.0l*VENTG INH21440

CALL VNTNET (VRU(JK)4TDS,»TOPyTIN,QCONST,CNETP, ELPWAR,DPT) INH21450
VR(JKI=VENTG INH21460

CALL VNTRET (VR(JK)TOE,TOP,TIN,QCONST, CNCTN, ELPRAR,DPT) INH21470
DONET= (CNETP=QNETH)/(L02*¥VENTG) INH21430
VR{JK+1)=VR (JK)=QNETN/DONET INh21490
VENTG=VR (JK+1) INH21590
TF(VR(JIN+1)=VRIJK) eLE« OL¥VRMAXLANG o VF (JR+1)=VR(JK) .GE.O.) GL TC 1NH21510

1 402 INH21520

400 CCNTINUE INH21530
V=VR (JK+1)=VR{JK) 1NH21540

PRINT 1000 4V INH21550

1090 FORMAT(1X, AN CAROR IN SUBRCUTINE VENPATE,THE VENTILATICN RATE NOTINH21560
1 LESS THAN .01 X VIAX,V-ERRCR=',El4.5) INH21570

GG 10 20 INH21580

402 CONTINUE INH21590
TF(VENTG.LT.0.) 18UG=2 INH21600

VENTR = ABS(VENTG) INH21010

2 CORTINUE INH21620
1F(IB3UG.EQ.0) GC TU 9999 IN421630

20 CONTINUE INH21640
PRINT 240, VENTCG INH21650

240 FORMAT(1X,2(7HVENRAT ), *VENTG="4620.9) INH21660
PRINT 22 INH21670

22 FGPAAT(/1X,10(1Hn) 4 *VENEAT® ;10 (1HW) ) INH21¢80
PRINT 9060 INH21690

9060 FORMAT (2X,'VENRATE' y/9X, *WATTSQ \T25, "ELPYR' 4739, ' TO8*,T52, ' TIN', INH21700
1T67,'TDP* 151, " SOLT* yT95,* AVSCLT" 4 T105,'TDEC2 9 T123, *AVTIDBEL s/ INH21710

210Xy ' TSLAE ', T26, ' VENTG ,T40, ' INDIC! 4 T54, ' SCONST ' T68, ' GCONST?, INH21720
3782, *VENTR,T9C,"VMAX? 4 T105, *DRPSAR Ty T124, 't ATSAK'/LIX"QNETH', T27 INH21730
4o *QRETP Yy T4 1y "CNETN' 3 TS5, *DCRET 'y 7664 ' VR(JK) ') INH21740
PRINT S061,WATTSC,ELPWR,TOG, TIN,TOP,SCLT,AVSGLT 4TDBUZ,AVTOB0, INH21750
TSLAS, VENTG, 11D1C, 2CONSTy GCUNST yVENTR, VRMAX s ORPSAR yWATSAR, QNETM,  INH21760
2QNT TP GNETA,DCRET , VR(JK) INH21770
G361 FCRMAT (2X9C14.3/2X2514.3,114,6E14.3/2X5014.3) INH21730
IFL1CUS.EC.2) 18UG=0 INH21790

9999 CONTINUE INH21800
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9070 FORMAT (1X,'VNTNET',/9X, VENTG',T25,'TD8"

121

4 CONTINUE
RETURN
END

SUBRUUTINE VNTNET (VENTG,TOB4TOP,TIN, CCUNST,UNET,ELPWAR,LPI)
ot = ®

INH21810
INH21820
11H21830

INH215640

RS A EEAE SRR O ST AR E IR EAS

THIS SUBRCUTINE CALCULATES THE HEAT USED

FOR VENTILATION,CVERT, AND THE

NET HEAT BALANCE, CNET, §
IN THE HEAT BALANCE EQUATICN.

INH21850
CINH21860
CINH21870
CINH21380
CINH21890
C1INH21900
CINH21910

[H21920
CINH21930

DEFINITION CF TERMS

SEE MAIN PRCGRAM FGR ACRCNYMS NOT
LISTED HERE

CINH21540
CINH21950
CINH21960
CINKH21870
CINH21980
CINH21990
CINH22000
CINH22010

OP1-INSIDE DEWPCINT TEMPERATURE (SAME AS TIDP), DEGREES R

DRPSAK-SURFACE APEA CF DRCPPINGS, SQ. FEET

EVAPH20-ATER EVAPCRATED FROM WATERS, LBS. PER HGUR

EVPMJR-WATER CVAPORATED FRCM MANURE, LBS. PER HOUR

QCONST-THE SUM OF HEAT BALANCE FACTORS REMAINING CCNSTANT DURING
CONVERGENCE CALC., BTU PER HRa

QEVAP- r £ HEAY TO EVAPORATE THE WATER FROM MANURE AND WATERERS, BTU

’NET-?\ET HEAT FLCW FRCH HEAT BALA)\CE AND USED FOR CONVERVENCE,
IDCALLY ZERQ, BTU PER HOUI
QVENT- HEAT EXCHANGED BY vENnLAHhu AIR, 3TU/HR

4321 CONTINUE

TOB-OUTSIDE ORY BULB TEMPERATURE, DEGREES R

TOP-CUTSIDE DEW PCINT TEMPERATURE, DEGRLES R

TIN-TEMPERATURE, INSIDE HOUSE, DEGRECS RI(USED IN SUBROUTINES)

VENTG=AN INTERMEQIATE CUSSS VALUE FCR VENTILATION RATE,CFM

VS=AN ESTIMATC CF THE SPECLFIC VGLLUME OF THE VENTILATING AIR, CULFT.
PER

WATSAR-SURFACE AREA CF EXPOSED WATER 1N HKCUSE

INH22020
CINH22030
CINH22040
CINH22050
CINH22060
CINH22070
CINH22G80
CINH22090
CINH22100
CINH22110
CINH22120
CINH22130
CINH22140

INH22150
CINH22160
CINH221T0
CINH22180
CINH22190
CINH22200
CINH22210
CINH22220
CINH22230
CINH22240

arterstise * B

CONMMON/PRESS/PATM

CCMMON/EVP/DRP SARy WATSAR

CCMMOI/BUG/ 13UG

VS=VSOBHA(TIN, RADP (DPI))
OVENT=(VENTC/VS)#(CPATIN) #CPHITOP) #*HADP(DP 1)) (TO3=TIN) #60.
CALL DRYHET (VENTG,TINyTOP,QEVAP,ELPWAR,TDB)
QNET=QLONST+QVENT+CLVAP

IF(18UG.EQ.0) 50 TC 9999

PRINT 23

FORMAT (/1X o 10U1HW) o *VNTNET?, 10(1HK) )

oPY  ==9,

CVPMJIR==1,

EVPH20=-1.

DPHA=HACP(TDP)

PRINT 9070

~

19ORY ¢, T81,"DKPSAR® 4155, "WATSAR Y, T105, ' OCONST* 4 T123, UNET ",
2/10X, *QVENT ' 3 T26, *HADP ', T40, "EVPMUR* \TS4y "EVPH20" 4y T68,"ORY
3781, 'QEVAPY)

PRINT 9071, VENTG,TOb,TOP,TIN,DKY  ,DRPSAR, hATSAR,GCONST JQNET,

1 QVENT, DPHA, EVPMUR,LVPH20,0RY 4 QEVAP
G071 FORMAT (2X9EL14.3/2X6E14.3)
9999 CCLTINUE

RETURN

END

T39,'TOP* T53, "TIN',T6T

1NH22250
1HH22260
INH22270
INH22280
INH22290
1NH22300
INH22310
1hH22320
INH22330
INH22340
INH22350
INH22360
INH22370
11iH22380
INH22390
1NH22400
y INH22410
INH22420
1NH22430
INH22440
INH22450
INH22460
INH22470
1NH22480
1NH22490
INH22500
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SUBROUTINE WALLHTUTIN,TOB,Q)

THIS SUBROUTINE DETERMINES THE BUILDING HEAT LOSS
THROUGH THE WALLS

xx ASSUME 1/2 HEAT LOSS.

BT IEURESEIE RS IRE O ERCER OR CRFE S B RE AT

11iH22510

B e e o NP ¥ )

CINH22530
CINH22540
CINH22550
CINH22560

#*% SINCE END COF RLOM VITH BIRDS NOT EXPCSED DIRECTLY TG QUTSIDE, CINH22570

CINH22580
CINH22590
CINH22600

DEERES INETETSTEGAN 0F (IEERRSHIRS

SEE MAIN PROGRAM FUR ACRCNYMS NCT
LISTED HERE

LS AR EE AR ELER AT EIREE B EERBEEHASE rxEERES

ek INH22010
CINH22620
CINH22630
CINH22640
CINH22650
CINH22660
CINH226T0
CINH22680

AWL==DEFINED IN CRITMP

BLTH=EUILLING LENGTH, FEET

HEIT-BUILDING HEIGHT, FEET

4321 CONTINUE

18UG-AN INTESFR COCE USLD FUR DEBUGGING THE PROGRAM
A--HEAT TRANSFER THRUUGH WALLS,BTU PER HCUR
RWL==DEFINED IN CRITMP

TO8-- DCFINED IN MAIN

TIN-- DEFINED IN MAIN

WIDOTH-BUILDING WIDTH, FCET

A ANOANAAVENANENNNNANANANNNONAA0

sEsass *CINH22690
CINH22700
CINH22710
CINH22720
CINH22730
INH22740
CINH22750
CINH22760
CINH22770
CINM22760
CINH22790
CINH22800
CINH22810

CINH22820

FEEREELERTHRETERES R e8e 11H22830
CUOMMCN/BUG/18BUG INH22840
CCMMON/BLDG/BLTH,WIDTH,HEIT INH22850
AWL=HEIT#*2.#%(3LTH+WIOTH/2.) INH22860
Rul=14.11 INH22870
B=TIN)*AnL/RWL INH22880

1F (1BUG.EQ.0) GC TO 9999 1KH22890
PRINT 7 INH22900

7 FORMAT(/1X,10(1HW) o "WALLHT*, 10(1HW) ) INH22910
PRINT 9990 1NH22920
9090 FORMAT(1Xy 'WALLHT'/SX 'TIN'4T25,'TDB'y T390 4753, AbL 'y T6T 4 'Rl * 4 [1IH22930
IT31,"HETT! ,T95,'BLTH',T109,'wIDTH") INH22940
PRINT GOGL,TIN,TD6 Qs AWLRKLyHEIT,BLTH)WIDTH 1NH22550

9091 FORMAT (2X48ELl4.3) 1NH22560
9999 CONTINUE INH22970
RETURN INH22980

END INH22990
SUBROUTINE WCTHER (NN, TMINM) INH23000

xn srrtErEE FEEERELFCAABESLE S ESSL RS SRR EFE324C [NH23010
CINH23020

CINH23030

THIS SU3ROUTINE GENERATES A DALLY WEATAER PATTERN, DRYGULB CINH23040

OR ON VARIFICATION DATA (NN=0).

B e e

AND DEWPGINT TEAPERATURES, BASED ON U.S. wEATHEm SERVICE DATA (NN=1) CINi23050

CINH23060
CINH23070
CINH23030

DEFINITION OF TERMS

SCE MAIN PROGRAI* FCR ACRCNYMS NCT
LISTED HERE

P ke kel aka ko ko R o R R R )

CINH23)90
CINH23100
CINH23110
CINH23120
CINH23130
CINH23140
CINH23150
CINH23160

R P e e R S IR TR L)

C1nH23180

A=A CONSTANT USED T0O CALCULATE THE 3ARUMETRIC PRESSURE BASED ON THE CINH22190
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[4 ELEVATICN AND TEMPERATURE. CINH23200
C AB-INTERMEOIATE VALUE USED TC CALCULATE AVERAGE CAILY TEMPERATURE  CINH23210
C ATMP-ATMOSHERIC PRESSURE FOR A SPECIFIC DAY, PSI CINH23220
C AVTDBU-AVERAGE CUTSIDE TEMPERATURE, DLCSREES F CINH23230
C B-INTEPMEDIATE VALUE USED TG CALCULATE MAXIMUM AND MINIMUM DAILY CINH23240
[4 TEMPERATURE, ANC AVERAGE TEMPERATURE CINH23250
C BN-INTERMEDIATE VALUE USED TU CALCULATE FMIN. TEMPERATURE FOR THE DAY CINH23260
C BO-DRYBULB TEMPERATURE AS READ FRCM CARD INPUT USING DATA GATHERED CINH23270
[4 FRUM FSL POULTRY HUUSE #T7, DEGREES F CINH23280
C BROS-ND. OF BIRDS IN BUILDING CINH23290
54321 CCNTINUE INH23300
C BYIME-THE TIME COF DAY THE LOOP IS TG BEGIN, HOURS CINH23310
C BX-INTERMECIATE VALUE USED TO CALCULATE MAX. TEMPERATURE FCR THE DAY CINH23320
c cd ~AVLERACE OQUTSIDE TEMPERATUKE, DEGREES C CINH23330
C DT-LENGTH CF ITERATICN, HOURS CINH23340
C DTIME-CLOCK TIME FCR DATA GATHERED FRCM MSU POULTRY HOUSE #7, HCURS CINH23350
C HTMC-MUISTURE CONTERT GF MANURE AS FOUND FRGCM EXPERIMENTAL DATA AT  CINH23360
c MSU POULTRY FARM BUILOING AN0.7y PERCENT CINH22370
C 12-C0ODED BOUNDRY FCR BIGINNING OF EACH CISCCNTINUITY IN THE CINH23380
C TEMPLRATURE FUMNCTICAS. CINH23390
C ID-CALENDER CAY, CATE CINH23400
C IDP-AN INDEX TGO ChECK DEW PCINT TEMPERATURE CINK23410
C IY-CALENDER YEAR,DATE CINH23420
C K-A% INTEGER CCDE FGR THE SIZE OF OT CINH23430
C M1-CODED BOUNDRY FOR 1ST DICONTINUITY IN TEMPERATURE EQUATIGN CINH23440
C M2-CODED BOUNCRY FCR 2ND DICORTINUITY IN TCMPERATURE EQUATICN C1iH23450
€ M3-CODED BCUNDRY FCK 3RC DICONTINUITY Ik TEMPERATURE EQUATION CINH23460
C MN-COUNTER FCR NUMBER CF CUTPUTY LINES PER DAY CINH234T70
C MO-CALENDER MONTH, CATE CIKNH23480
C MTIME-ELASPED TIME COUNTER DURING RUN, NO. OF DT,S CINH23450
C MX=MAXIMUM CUTSIDE TEMPERATURE FCR THE DAY,DEGREES F C1INH23500
C N-ANINTEGER CGCDE TC REPRESENT ONE-HALF HCUR INTERVALS CINH23510
C NN=INDICATCOR VALUE TC SPECIFY WEATHER DATA IS CR IS KOT VERIFICATICN CINH23520
4 / INH23530
C PATH-ATMISPHERIC PRESSURE, PSI CINH23540
C PI-THE CONSTANT RATIG OF CIRCUFFEFANCE TC CIAMETER CIMNH23550
C PC-CEWPOINT TEMPERATURE AS READ FROM CARD INPUT USING DATA GATHERED FCINH23560
[4 FRC4 MSL PCULTRY HOUSE #7, OEGREES F CINH23570
C RANGE-OUTSIDE DAILY TEMPERATURE RANGE, CREGREES F CIKH23580
C RNG2-ONE-HALF RANSE OF DAILY TEMPERATURE, CEGREES F C1ivH23590
54320 CUNTINLE INH23600
C TOBI-INSIDE CRYSBULE TEMPERATURE, CEGREES F CINH23610
C TDBO-OUTSICE DRYBJLB TEMPERATURE, DEGREES F CINH23620
C TOPF-DEWPCINT TEMPERATURF AS REPURTED BY U.S. WEATHER SERVICE, CINH23630
C DEGFEES F. CINH23640
€ TOPI- INSICE DEWPCINT TEMPERATURE, CEGREES F CINH23650
C TOPL-OUTSIDC CEWPLINT TEMPERATURE, DEGRELS F CINH23660
C TIME-CLOCK TIME, 24-HOUR CLCCK CINH236T70
C TAINM-MINIMUM TEMPERATURE FOR THE DAY, CEGREES F CINH23680
[ CINH23690
c CINH23700
Ja T e T S L T LA L)
COAMON/BIRDS/wBRD 4 8ROS INH23720
CCMMON/BUGZ1BUC INH23730
CCGIMON/C/EXCDACyEXWTD 4 EXK TSN, EVPMRT , 0T INH23740
CCMMON/CARG /BT IME ) HTHC 4 MX 9 MNy SDRY TM, EDRYTM INH23750
CCMAON/PRESS/PATM INH23760
CCHMCN/WR/ TOBO (46) TOPC(4B),TOBI(48),TIME(48) yMTIME,TOPI(48) INH23770
CCAMIN/WTHR/AVTESG yRANGE s ATMP 440, 1D, 1Y, TCPF s VAKDTA INH23780
DIMENSICN BO(48),PL(43),DTINE(48) INH23790

REAL Mx,MN INH23800

C READ OUTSILE WEATHER DATA CINH23810
REAU(5,1) MO 21D, 1Y ATHP MXyMN 4 AVTCBO, TOPF, BRDS, BTIME,HTHC, I1NH23820
@VARDTA,SCRYTM, EDRYTM INH23830

1 FURMAT(3124F4.24472.0,F4.0,F2.0,F4.2,F6.2,2F4.2) INH23840
IF(NN.EQ.0) GO TC 100 INH23850

C  THE RESRESSION EQUATICN FOR DEWPCINT IS Y=6.4663+0.800368%08 C11iH23850
[ BASED ON VARIFICATICN DATA OF 8/12,13, & 20/74 AND 1/6E7/75 CINH23870
PI=355./113. INH23880

= INH23890
IF(NT.EQ..5) K=2 INH23900

M1=6%K INH23910
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M2=15%K INH23920
M3=24%K INH23930
12=1 INH23940
10P=0 INH23950
IF(TOPF.E0.0.) TOPF=MN INH23960
TF(AVIOB0.EQ.0.) AVIDBO=(MN+MX)/2. INH23970
IF(ATMP.NE.O.) GO TO 13 1tH23980
CD=(5./9.)*(AVTDBO-32.) I1NH23950

C 27070. IS THE ELEVATILN OF E. LANSING » MI IN CM C INH24000
7370./(1600000.%(1.+.004%CD)) INH24010
ATMP=14.6G6%(1.=A) /(1.+A) INH24020
13 CONTINUE INH24030
RANGE=MX-MN 1HH24040

™P INH24050

(PHILLIPS P. B) CINH24060

INH24070

3 INH24080

IFITOPF.LT .TMINM) GC TO 7 INH24090
10P=1 INH24100

7 CONTINUE INH24110
D0 8 I=124M1 INH24120
11H24130

MINM#RNG2#(1.+COSTLIFLCATIN)+18.)/30.)%P1)) INH24140

€.4T+. B¥TDBI( 1) INH24150

INH24160

1NH24170

12,42 1i1H24180

INH24190

1NH24200

TOPC(1)=€.47+.8*TDSG(1) 1H24210

9 CONTINUE 1NH24220
12=¢ 1NH24230
12,42 INH24240

INH24250

TMINM4RNG2#(1.+C0S (L (FLCAT(N)=304)/30.)%P1)) 1KH24260
6.474.8%TDBO(T) INH24270

10 CONTINUE INH24280
4 CINH24290
C  WEATHER DETERMINED FRCM HOUSE 7 DATA CINHZ4300
c CINH24310
100 CONTINUE INH24320
GT.0) GO TO 777 INH24330
PATM=ATMP INH24340
INH24350

INH24360

INH24370

AB=0. INH24380

DO 710 J=1,24 INH24390
FEAD(5,760) DTIME(J),B0(J),PUIJ)TIBI(J),TOPILN) INH24400
760 FCRMAT(12X,F5.2410X,4F6.2) INH24410
710 CORTINUE INH24420
D3 770 K=1,24 INH24430

4=K INH24440
TOSG(K)=80(K) 1MH24450
TOPLIKI=PCIK) INH24450
TOPCIK+24)=HADP (PTG (K)+459.67) INH24470
IF(K.GT.0) GC TC 745 INH24480

M = (FLOAT(K) / 2.0 +.5) 11iH24490
IF(M.NE.N) GC TC 750 IKH24500
TIME(M)=FLGAT(M) INH24510
IFCTIME(M)LLT.OTIME(L)) GG TO 610 INH24520
IF(TIME(!) «GTLCTIME(43)) GG TC 620 INH24530
TCEO(M)=TABLI(BC,OTIME, TIME(M),48) INH24540
TOPC(M)=TABLI(PC,OTIML,TIL(M),43) 1NH24550

745 CCNTINUE INH24560
750 CCNTINUE INH24570
8=80(K) INH24580
IF(8.GT.EX) 6X=8 INH24590
IF(B.LT.BN)B [NH24600
AB=AB+E INH24610

N= A INH240620
770 CCRTINUE INH24630
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AVTDBC=AB/48.
RANGE=BX=BN

777 CONTINUC
NN=RN+1
IF(IDPL.EC.D) GO TC 12
PRINT 26
PRINT 6,TCPF,TMIN4

INH24640
INH24650
1NH24660
INH24670
INH2 4680
INH24690
INH24700

6 FORMAT(1X, 'DEWPOINT TEMPERATURE GREATER THAIL MINIMUM TEMPERATURE FINH24710

10R THE DAY. DEWPOINT INPUT AS';G21.7/1X,'BUT RESET AS SHUWN')
GO T0 27
12 CONTINUE
IF(DT.EQ..5.0R -DT.EQ.1.) GU TO 99
PRINT 26
90 PRINT 9C0,0T
900 FORMAT(1X,'OT NOT EQUAL .5 OR 1. NCTE VALUES FOR TDBO BELOK.
IRHED VALUE FOR DT 1S:',G20.5)
GO TC 27
99 CONTINUE
IF (1BUG.EQ.Q) GC TO 9999
PRINT 26
26 FORMAT(/1X,10(1HKh) ¢+8L10H WETHER 19 10(1HK))
27 CONTINUE

PRINT 9000,MTINMEsI12+Ke!M1,M2,¥3, AVTD3GsRANGE,TOPF,RNG2,TMINM
e’ &

9000 FORMAT(1Xy *MTIME® y 15X 12" 318Xy 'K 'y 19X, 'h1* 18X, 'M2",LEX, 'K
A LX'AVTOIBC' 114X s "RANGE® 915X " TOPF*y 16Xy "PNG2 " 915X ' TMINN'/
11X, 12,5(1203)/1X,EL1e444E20.4)

PRINT SOC5,SDRYTH, EDRYT#

9005 FORMAT(/1X,"DRYER START AND END TIME - WINTER MONTHS'y2F10.2/)
PRINT 9010440, 10,1Y

9010 FURMAT  (/1X,"CATE"312,%/%,12,%/%,12)

PRINT $090, TCBO
9090 FORMAT (LHO,10(10HWETHER 13/ 1X" TDBG(J)',/8l6E20.4/))
PRINT 9951,10P0
9091 FCRMAT(1X'TDPG(J)*/1X,8(6E20.4/))
PRINT 3092 ,TO8I

9092 FOKMAT (L1X'TDRI(J)*/1X,8(6E20.4/))
PRINT 9093, TDP

9033 FCRMAT (1X'TOPI(J)'/1X,8(6E20.4/))
PRINT 9054, TIME

9094 FCARMAT (1X'TIME(J)'/1X,B(06E20.4/))

9999 CONTINUE
RETURN

612 TLBO(M)=BC(K)

TDPG(M)=PCIK)
GU TO 750

620 TOBO(M
TOPG(N
GG TO 75¢C
END

C(48)
C(43)

INH24720
INH24730
11H24740
INH24750
INH24760
INH24770

RETUINH24780

1ivH24790
INH24800
INH24810
INH24820
INH24830
INH24840
1KH24850
INH24860
INH24870
INH24880
INH24890
INH24900
1nH24910
INH24920
INH249 30
INH24940
INH24950
11H24960
INH24570
INH24980
INH24990
INH25000
INH25010
INH25020
INH25030
INH25040
1iiH25050
INH25060
INH25070
INH25080
1NH25090
INH25100
1NH25110
INH25120
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APPENDIX B
EXAMPLES OF INTERMEDIATE COMPARISON GRAPHS

COMPARISON OF ACTUAL VS SIMULATED VALUES
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Figure B.1. An example of a comparison graph used for evaluation
during verification of the simulation model with the
measured data. This graph showed that the incoming air
dry-bulb temperature as used in the model was in fact
equal to that of the collected data.
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OMPARISON OF ACTUAL VS SINULATED VALUES
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Figure B.2. An example of a comparison graph used for evaluation
during verification of the simulation model with the
measured data. This graph showed that the incoming
air dewpoint temperature as used in the model was in
fact equal to that of the collected data.
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CONPARISON OF ACTUAL VS SIMULATED VALUES

e
8

oo 2.00
Figure B.3.

An example of a comparison graph used for evaluation
during verification of the simulation model with the
measured data. This graph showed that the incoming
air humidity ratio was in fact equal to that of the
collected data.
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“OMPARISON 6F RCTUAL VS SIMULATED VALUES
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Figure B.4. An example of a comparison graph used for evaluation
during verification of the simulation model with the
measured data. This graph showed that the outgoing
air dry-bulb temperature as calculated by the simula-
tion model follows very closely to the measured value.
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COMPARISON OF RCTUARL VS SIMULATED VALUES
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Figure B.5. An example of a comparison graph used for evaluation

during the verification of the simulation model with
measured data. This graph showed that the outgoing
air dewpoint temperature as calculated by the simula-
tion model follows very closely to the measured value.
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{OMPRRISON OF RCTUAL VS SINULATED
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Figure B.6. An example of a comparison graph used for evaluation
during the verification of the simulation model with
measured data. This graph showed that the humidity
ratio of the outgoing air as calculated by the simula-
tion model follows very closely to the measured value.
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COMPRRISON OF ACTUAL VS SINULATED VALUES
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Figure B.7. An example of a comparison graph used for evaluation
during the verification of the simulation model with
measured data. This graph showed that incoming air and
outgoing air humidity ratio difference was greater for
the measured data than as calculated by the simulation
model for all but two hours of the day.
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COMPRRISON OF ACTUAL VS SIMULATED VALUES
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Figure B.8. An example of a comparison graph used for evaluation

during the verification of the simulation model with
measured data. This graph showed that the air flow
through the poultry house as calculated by the simula-
tion model follows very closely to the measured value.
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cabt'_mxm OF ACTURL VS SINULATED VRLUES
o Youg, 00000200, 130000011, YT 0TE0. 00
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Figure B.9. An example of a comparison graph used for evaluation
during the verification of the simulation model with
measured data. This graph showed that the evaporation
from the poultry house during one hour as calculated by
the simulation model followed the same trend as that
which was calculated from measured data. The two curves
result from curvilinear regression calculations based on
the two separate sets of data.
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APPENDIX C

VERIFICATION MANAGEMENT FACTOR, DESIGN,
AND INPUT VALUES

Table C.1. Manqgement factor, design, and input values as used for
verifying the model with data collected August 12, 1974.

BUILDING:
LENGTH, FT
WIDTH, FT

CEILING HEIGHT, FT
INSULATION-WALLS, HR-F-SQ@ FT/BTU
INSULATIGN-CEILING, HR-F-SQ@ FT/BTU
LIGHTING HERT, BTU/HR

LAYING HENS:
NUMBER OF HENS
HEN WEIGHT, LBS
BODY TEMPERATURE, F
EXCRETA MOISTURE CONTENT, %
EXCRETA DISTRIBUTION FACTOR
SPECIFIC HEAT OF MANURE, BTU/LB-F
EXCRETA PRODUCTION RATE, LBS/HEN-DAY

VENTILATION:
INSIDE DESIGN (SET) TEMPERATURE, F
MAXIMUM VENTILATING RATE, CFM
MINIMUM VENTILATING RATE, CFM
INITIAL SLAB TEMPERATURE, F

WEATHER:
ATMOSPHERIC PRESSURE, PSI
AVERAGE OUTSIDE TEMPERATURE, F
QUTSIDE TEMPERATURE RANGE, F
CRITICAL LOW BUTSIDE TEMPERATURE, F

SIMULATION DETAILS:
TIME INCREMENT-DT, HOURS
STARTING TIME, CLOCK HOURS
LENGTH OF RUN, HOURS
SLAB INDEX
LIGHTING INDEX

92.25
38.00
8.25
14,11
23.68
32u2.35

5239.00
4.25
107.10
80.00
0.04
0.87
0.27

56.00
20u21.34
5U06.01
42.89

14,28
37.89
25.18
36.28

1.00
0.0
2u.00
1

1.00
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Table C.2. Manqgement factor, design, and input values as used for
verifying the model with data collected August 13, 1974.

BUILDING:
LENGTH, FT
WIDTH, FT

CEILING HEIGHT, FT
INSULATIBN-WALLS, HR-F-SQ@ FT/BTU
INSULATIGN-CEILING, HR-F-SQ FT/BTU
LIGHTING HERT, BTU/HR

LAYING HENS:
NUMBER OF HENS
HEN WEIGHT, LBS
BODY TEMPERATURE, F
EXCRETA MOISTURE CONTENT, %
EXCRETA DISTRIBUTION FACTOR
SPECIFIC HERT OF MANURE, BTU/LB-F
EXCRETA PRODUCTIGN RATE, LBS/HEN-DRY

VENTILATION:
INSIDE DESIGN (SET) TEMPERATURE, F
MAXIMUM VENTILATING RATE, CFM
MINIMUM VENTILATING RATE, CFM
INITIAL SLAB TEMPERATURE, F

WERTHER:
ATMOSPHERIC PRESSURE, PSI
AVERAGE OUTSIDE TEMPERATURE, F
OUTSIDE TEMPERATURE RANGE, F
CRITICAL LOW OUTSIDE TEMPERATURE, F

SIMULATION DETAILS:
TIME INCREMENT-DT, HOURS
STARTING TIME, CLOCK HOURS
LENGTH OF RUN, HOURS
SLAB INDEX
LIGHTING INDEX

92ras
38.00
8LeS
14.11
23.68
32li2. 35

5237.00
4.25
107.10
80.00
0.04
0.87
0.27

56.00
20u21.34
5u06.01
u3.02

14,28
38.02
18.12
36.32

1.00
0.0
2u.00
1

1.00
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Table C.3. Manggement factor, design, and input values as used for
verifying the model with data collected August 20, 1974.

BUILDING:
LENGTH, FT
WIDTH, FT

CEILING HEIGHT, FT
INSULATION-WALLS, HR-F-SQ@ FT/BTU
INSULATION-CEILING, HR-F-SQ FT/BTU
LIGHTING HERT, BTU/HR

LAYING HENS:
NUMBER OBF HENS
HEN WEIGHT, LBS
BODY TEMPERATURE, F
EXCRETR MOISTURE CONTENT, 7%
EXCRETA DISTRIBUTION FACTOR
SPECIFIC HERT OF MANURE, BTU/LB-F
EXCRETA PROGDUCTION RATE, LBS/HEN-DAY

VENTILATION:
INSIDE DESIGN (SET) TEMPERATURE, F
MAXIMUM VENTILATING RATE, CFM
MINIMUM VENTILATING RATE, CFM
INITIAL SLAB TEMPERATURE, F

WEATHER:
ATMOSPHERIC PRESSURE, PSI
AVERAGE BUTSIDE TEMPERATURE, F
QUTSIDE TEMPERATURE RANGE, F
CRITICAL LOW OGUTSIDE TEMPERATURE, F

SIMULATION DETARILS:
TIME INCREMENT-DT, HOURS
STARTING TIME, CLOCK HOURS
LENGTH OF RUN, HOURS
SLAB INDEX
LIGHTING INDEX

g2.25
38.00
8.25
14,11
23.68
3242.35

5222.00
4.25
107.10
80.00
0.04
0.87
0.27

56.00
20u21.34
5406.01
43.58

14,34
38.58
31.85
36.44

1.00
0.0
2u.00
1

1.00
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Table C.4. Management factor, design, and input values as used for
verifying the model with data collected January 6, 1975.

BUILDING:
LENGTH, FT
WIDTH, FT

CETISINGHH ET B TR R
INSULATION-WALLS, HR-F-SQ@ FT/BTU
INSULATION-CEILING, HR-F-SQ FT/BTU
LIGHTING HERT, BTU/HR

LAYING HENS:
NUMBER OF HENS
HEN WEIGHT, LBS
BODY TEMPERATURE, F
EXCRETA MOISTURE CONTENT, %
EXCRETA DISTRIBUTIGN FACTOR
SPECIFIC HERT OF MANURE, BTU/LB-F
EXCRETA PRODUCTIBN RATE, LBS/HEN-DAY

VENTILATION:
INSIDE DESIGN (SET) TEMPERATURE, F
MAXIMUM VENTILATING RATE, CFM
MINIMUM VENTILATING RATE, CFM
INITIAL SLAB TEMPERATURE, F

WEATHER:
ATMOSPHERIC PRESSURE, PSI
AVERAGE OUTSIDE TEMPERATURE, F
GUTSIDE TEMPERATURE RANGE, F
CRITICAL LOW BUTSIDE TEMPERATURE, F

SIMULATION DETAILS:
TIME INCREMENT-DT, HOURS
STRRTING TIME, CLOBCK HOURS
LENGTH OF RUN, HOURS
SLAB INDEX
LIGHTING INDEX

92.25
38.00
8.25
L1
23.68
3242.35

uguy. 00
u.25
107.10
80.00
0.04
0.87
0.27

56.00
20u21.34
6706.75
23.US5

14.23
18.45
10.37
40.85

1.00
0.0
2u.00
1

1.00
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Table C.5. Management factor, design, and input values as used for
verifying the model with data collected January 7, 1975.

BUILDING:
LENGTH, FT
WIDTH, FT

CETLING HETGH,  FT
INSULATION-WALLS, HR-F-SQ@ FT/BTU
INSULATIOGN-CEILING, HR-F-SQ@ FT/BTU
LIGHTING HERT, BTU/HR

LAYING HENS:
NUMBER OF HENS
HEN WEIGHT, LBS
BODY TEMPERATURE, F
EXCRETA MOISTURE CONTENT, 7%
EXCRETA DISTRIBUTION FACTOR
SPECIFIC HERT OF MANURE, BTU/LB-F
EXCRETA PRODUCTION RATE, LBS/HEN-DRY

VENTILATION:
INSIDE DESIGN (SET) TEMPERATURE, F
MAXIMUM VENTILATING RATE, CFM
MINIMUM VENTILATING RATE, CFM
INITIAL SLAB TEMPERATURE, F

WERTHER:
ATMOSPHERIC PRESSURE, PSI
AVERAGE OUTSIDE TEMPERATURE, F
OUTSIDE TEMPERATURE RANGE, F
CRITICAL LOW OUTSIDE TEMPERARTURE, F

SIMULATIGN DETAILS:
TIME INCREMENT-DT, HOURS
STRARTING TIME, CLOCK HOURS
LENGTH OF RUN, HOURS
SLAB INDEX
LIGHTING INDEX

g28es
38.00

iLYSRIS]

3242.35

ugy2.00
u

107.10
80.00
0.04
0.87
0.27

56.00
20u21.34
6613.67
23.48

14,25
18.48
12.42
40.67

1.00
24.00
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