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The Natioral Bureau of Standards has been engaged in the heat

transfer analyesis of underground installations for the past several |
years. This report covers a part of the Bureau's activities related to
the computer simulation of the thermal environment for prototype shelters.
The computer was used basically to simulate energy balance in O
the shelter living space and to analyze heat conduction from the shelter
14

valls (including ceiling and floor) to the surrounding earth,

For the heat conduction analysis, finite difference techniques
were employed; using a three dimensional model i{n some cases and a one
dimensional model for the remainder.

Digital computer programs were developed and applied to seven different

——— . SRS e Gews e e o ey e Gwiem  emmm G emweme e
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prototype shelters for which temperature and humidity records with simulated

occupants were available as a result of studies by the National Bureau of
Standards and by the University of Florida. In the seven shelters used
for the investigation, twelve different opersting conditions were analyzed.

0f these twelve conditions, ten were under summer operation end twe under

3NIT SIHL ONOTIV AND

moderate winter conditions.

Generally the agreement between the computed and ohbserved thermal
environment on these prototype shelters was surprisingly good, in spite of
the fact that numercus simplifications were involved in describing the cowplex
shelter heat transfer system for computer snalysis. 7Two inherent uncertsinties

exist, which {influence the final reliability of the ealculaticns. The first

~

involves the description of the actual complex system by mathematical language
(or operat’ 1l uncertsinty). The second is related to the accuracy of fnput

data used for the calculations, (or data uncartainty). Often, these sre

interrelated.
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In this atudy, the following four different computer models were
studied and two of them were extenaively utilized for the comparison
of calculated thermal environment with the observed data in the proto-

type shelters.

|
|
I
|
I
I
W | - M=(1) Three-dimensional rectangular model with composites walls
| and with separate initial temperature patterns normal to
l the six bounding surfaces.
' M-(2) Three-dimensional rectangular mcdel with homogeneous heat
I conduction medium having separate initial temperature
l patterns normal to the six boundary surfaces.
M-(3) One-dimensional compound model for six composite wall
systems.

M- (4) One-dimensional compound heat conduction model, same as

M~(3) except that the roof region was assumed adiabatic.

CUT ALONG THIS LINE

To simulate the initial earth temperature distribution, the follow-

ing three modes were employed:

I-(1) Earth temperature gradients normal to the six bounding

surfaces.
I-(2) Earth temperature gradient normal only to the ground
surface.

1-(3) Initial e rth temperature constant around the shelter. é

One of the factors not well established for calculating the shelter
heat transfer is the heat exchange between the shelter air and tha inner

surfaces, between the occupants and the surfaces, and among the surfsces.




The analysis of simultaneous exchange for radiative and convective

energy among occupants, alr and inmner surfaces of a shelter is

very complex, and it requires the solution of a set of integial -~

equations which are difficult to solve for even very simple geo-

metrics. Therefore conventional combined heat transfer coefficients

for radiation and convection were used in the analysis. Several
numerical values and combination of these combined coefficients

wvere assigned to the six interior surfaces to study the overgll

effact on ghelter thermal environment.

Findings

1) A soil analysis of the earth around most of the prototype shelters
indicated that the thermal diffusivity and thermal conductivity
were in the neighborhood of 0.02 ftalhr and 0.75 Btu/hr, (££)°,
“¥/ft respectively. These values, in turn, seem to result in
a good agreement between the calculated and the observed earth
temperature change surrounding prototype shelters.

2) The following combined heat transfer coefficients at the shelter
inner surfaces produced satisfactory simulation of the shelter
summer enviromment for most of the rototype shelters.

1.0 Btu/hr. (ft°), (OF) for vertical walls
1.5 Btu/hr. (£t?), CF) for the cetling

0.5 Btu/br. (£22), CF) for the floor

-_—
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3)

Although there may be some other values and other combinations of
these values that might have resuited in « slighcly better simulation
than those ued in this analysis, these three values can be considered
representative design heat transfer coefficients in the underground
cavities.

For larger shelters, the one-dimensional and compound model (M-(3))
will probably be adequate for calculating the shelter thermal
environment. The complicated three-dimensional model, therefore,

may not be required for the calculation simulating the lé4-dey
occugoncy of many large commmity shelters. For small snesters

(such as family shelters similar to the NBS shelter), however, it

is recommended that the three~-dimensfonal model bYe used for the

accurate calculation.
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NOMENCLATURE

Unless otherwise defined in the text, the s'mbols used in this report ave
summarized, as follows:

Symbols
a

b

Pvs

Pv

shelter dimension (half of the inside length)
shelter dimension (half of the inside width)
specific heat of moist air

shelter height

shelter depth, distance between the eaith surface
and the ceiling of the shelter

flow rate of ventilation air
ground surface heat transfer coefficient
inner surface heat transfer coefficient of K th

exposure
thermal conductivity of solid

Lewls Relation = '.’x.
ccp

saturated vapor pressure of water at temp. t

vapor pressure of water in the air at dew point
temperature

barometric pressure
sensible heat released by the ventilation air
latent “ecat released by the ventilation air

sensible heat generated in the sheltar by
simulatad occupants

latent heat generated in the shelter by
simulated occupants

sensible heat relessed by the shelter inner surface
of ¥ th exposure

latent heat relessed by the ghelter inner surface
cf K th exposure

sensible heat generated in the ahelter by things
other than simulated occupants

Iv

Dimensions
ft
ft
Btu/lb,QF
ft
ft
CFM
Btu/hr, £t%, °F
Btu/hr, £t°, °F
Btu/hr, ft, °F
dimenaionless
inches Hg
inches Hg
inches, Hg
Btu/hr
Btu/hr
Btu/hr
Btu/hr
Btu/hr
Bzu/hr
Btu/hr

- oo




- Symbols
{ ' ,
oy istent heat generated in the shelr.st by shim . Bewfhy :
) other than simulated occupants TE -F
U solar radiation intemsity at the esrta’s sucfass - Btu/kr,ft* F—_‘,
SK icner surface ares of K th expoaure s C o
* t temparature . °y
W humidity ratio ‘ : . 1b of water vepor/
. & 1b dry air
LA humidity ratio of air saturated by water vapor 1b of water vaporj
1b of dry air
XK (K = 1,6) coovdinate eystem used for shelter heat transfer ft
XK,O (K = 1,6) coordinates of the system boundaries fe
oy thermal diffusivity of earth in the region sur- £t2 /he )
rounding K th expoaure
T albedo of earih surface dimensionless
8 time coordinate hr
A latent heat of vaporization of water Btu/lb
o water vapor transfer coefficient (1b/{hr)(£t?)(ib/1b dry air)
P density of moist zir  1b/£e®
Axl( finite difference length along XK ft
48 finite difference time hr
by summation symbol b
! B 100
i Sublcrigts ) L e
} Unlesa otherwise stated, the following rules of subscripting ~ g
v will apply to all of the variables.
a shelter space properties
: C o outdoor air properties
: N
# "
2
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 Subscrists--continsued

¥ vemtilation astr properties ” o .53
: ¢ concrate preperty .
% g ground !urfaceiﬁ%opertlaa o
% & dzep undexground
% K innersurface exposure index

— NS b <

K =3 = North

2 = South
3 = Rast
4 = West
5 = Floor
6 = Roof

In some cases, the subscript W is used to denote the wall properties iunstead
of K bedng 1, 2, 3, and &.

The subscripts R and F are employed in the same manner, denoting, respec-
tively, the properties pertaining to roof and floor regioms,

8 sensible heat property
s saturated alr property
L latent hest property
Operational Sywbols
2. 2.7
Vet

S it g 0




AL

CAPTIONS POR FIGURES
Schematic diegrem of the matrix used for computer program M-(1).
Schematic diagrar of the heat conduction region used for computer
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Inner surface heat trensfer coefficient frequency
distribution.
Inner surface heat transfer coefiicient vs temperature difference
between the air and inner aumfacerof the shelter, -
Comparison of the calculated and observed shelter air tempera-
tures and rezlative humidities of test 1 for NBS family shelter
(computer program M-(1)).
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temperatures for test 1 of NBS family shelter (computer progcam
M-(1)).
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tures and relative humidities for test 2 of NBS family shelter
{computer program M-(1)).
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tures and relative humidities for test 3 of NBS family shelter
(computer program M-(l)). ‘
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COMPARISON OF DIGITAL COMPUTER SIMULATIONS OF THERMAL ENVIRONMENT
IN OCCUPIED UNDERGROUND PROTECTIVE STRUCTURES WITH OBSERVED CONDITIOKS

By
T. Kusuda and P. R. Achenbach

i. INTRODUCTION
This report compares digital computer calculations of thermal environ-

ment for underground protective shelters with observed conditions of tem-
perature and humidity. Several digital computer programs have been
developed by the National Bureaﬁ of Standards for the purpose of simulating
the heat transfer of underground structures. These computer programs were
applied tc 7 shelters, whose thermal enviromment urder simulated conditions
of occupation had been observed experimentally. Since the thermal environ-

ment in underground protective structures may become extremely vnfavomable,

particularly during the summer occupancy period, for large areas of the
United States, the majorit; of prototype shelters mentioned herein were
tested under summer climatic conditions. Of the 7 shelters whose thermal
environments were calculated and compared with experimental oblervdtiona,
12 different test conditions were included, 2 of which wers under moderate

winter conditions.

Analytical and experimental studies of various shelters hase shown R

that the tempersture and humidity within the occupied ﬁndotground phcltcr»

depand on many parametars, which may be classified as follewsi:

1. Structural chaxsckaristica -
a. Sitc and shape.

b. Physical and thermal propartiss of construction -atdttcl}
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2. Site charactsristics.

Physical and thermal properties of earth surrounding the
shelter.

Thickness of earth cover.

Type of earth surface and landscape.

Neighboring buildings and installations.

3. Climatic factors.

Earth temperature.
Psychrometric condition of outdoor air,
Solar radiation.

Precipitation.

4, Opexational characteristics.

a.

f.

Ventilation rate.

Paychrometric conuition of ventilstion air
Density of Occupancy.

Activity of Occupancy.

Heat and moisture release by equipment in shelter.

Bmergency condition such as seasled up or surface fire conditions.

Testing of underground structures to cover even a small por:icq.ot all

of the possible combinations of the above pcti-ntor-'iu & forwidable and

expensive task. However, the number of tasts could be drgttically decreased,

and the efficiency of testing improved, if the effect of various parsmeters

ia the thermal enviromment of a shelter could be predicted dy éc-putltian.

The mathematical formulation of such a computation should take into aceount

s majority of the important pserameters so the sensitivity of ths owverall

thermal environment to the seversl paremsters could be studied tofividuelly |
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or simultaneously with others. The mathematical procedurss should be
simple enough so the computation time (or computer cost) would be reason-
able. PFinally, and most important, the computed results should be
reliable.

Some previous computations of the thermal enviromment in shelters
have been reported which take into account simulated human metabolism,
ventilation effects, and heat transfer in the earth [1,2,3], but there
have been very few actual comparisons between calculations and observa-
tions for a given system over a substantial period of time. FIt is for-
tunate that the observed results of six of the seven shelters covered by
this study were so well documented by reports of the University of

Porida [4], thus making possible comprehensive comparisons between the

calculated thermsl enviromment and the observed results.
2. BASIC HEAT TRANSFZR RELATIONS

Since the details of the numcrical technique employed for the heat
transfer of underground protective structures have been reported pre-
viously (1], only basic mathematical formulations empluyed for all of

our computer programs are given here:

2.1, ghaltex air heat belancs.
6
r L + s 0
‘_lqus;*qu Qe * Y
- SN P
+ + -
m"-ﬂu Up + Q% + Qg

where

Y - Bt




) (WI - w.)s‘ for W. <w,

forw > W
s~ a

Qg = (1.08) (6) (e, - t)

QGS = 330
300

Q™
100
180
285
400
540
630

Btu/hr, person 60 °¥
70 %
80 ‘s
30 %
100 °r
110 °F
120 °r

Btu/hr, person 60 °F
70 °F
80 “F
90 %
100 °r
110 %
120 %

R R
™

‘2.2- Shelter lnner Surfeces,
N 13
Y * Qx "% W, %

x
2.3. Congrete (of inner well) hest conduction.
* .14 '
! ts = 1 —
ng ay ¥
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2.4. paundary betwesn the concrete (or inper well), and
sarth,
t t
c s
. At ot
e
2.5. Earth heat conduction,
at
-a?a = asv° tg for three dimensional model
at Pt
B—Gn - as S-i—:" K=1 to 6 for one-dimsnsional wmodel
2.6. Earth boundary conditiocns.
2.6.1 Poux-wall] ragion Ot
-:; = 0 at Xg « (some large distan:e)
K-1, 2 3, 4. K |
2.6.2 Floor xsgion cs - t&‘ at x‘ = (some large distance)
vhere K = §
2.6.3 Roof yexion
whars K = §

| SR MY
Radiation model -u_&-: - bo(e - te) +
(s) - aquihhitn wodel- t' -t '

, ‘ B Y

(b) adiabazic model 1" 0

{(c) solar-heat .ods'l

Qt“ « (1 -}) Q,,, during tha solar {rradiation

-0 durisg so sclar irrediation

QUed

A AR ke e el e st s e,
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This solar heat model {s essentially the same as the sol-air tempera-

turc concept and ignores the direct radiation heat exchange between earth
surface and sky, but it doec include the effective radiation heat exchange
between the earth surface and amblent air by adjusting the value of Ng'
According to the last equation, however, the earth surfsce temperature

never becomes lower than the air temperature, which is not always the case.

2.7. Psychrometric calculations.

Taking advantage of the large memory of the high speed digital computer
of the National Rureau of Standards, all the psychrometric cat ulaticns were
performed using the thermodynamic properties of moict air published by Goff
and Gratch.

The thermodynamic properties of dry air and those of saturated air at

one standard atmospheric pressure, such as the following, were tabulated as

temperature functions by Goff and Gratch '5].
W_ = humidity ratio of the saturated moist air (1b/1b of dry air).
h = enthalpy of dry air (Btu/lb of dry air).
h_ = enthalpy of the ssturated moist sir (Btu/1b of dry atr).
h, = enthaipy of the watur (Btu/lb of water).
V, = volume of the dry air (cu ft/1b of dry air).

V_ = volume of the satureted moist air (cu ft/1b of vy asir).

i_ £, = tactors relaced to the relative huaidity and degres
(disnnuonieu) of utunticn.

These properties were read {nto the computer for the temperature range

from 30 °F to 120 °F¥ at every one degree increment, except that the humidity

ratio, W,, was prograsmed for the temperature range from -20 *F to 120 °¥ :

at every one dagroe {ncrement.

e - - e . TR e e e
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The following psychrometric symbols and forwulas are used‘to
derive the desired properties from ziven sets of properties, such aé dry-
and wet-bulb temperatures: g

Py = partial water vapor pressure in moist air (in. Hg).

Pp = barometric pressure (in. Hg). |

Pyg = partial water vapor pressure in saturated air (in. Hg.).

¢ = relative humidity, as a fractien

B = degree of saturation.

W - humidity ratio of moist air (1b/1b of dry air).

V = yolume of moist air {cu ft/ib of dry air).

W,* = Wy evaluated at the thermodynamic wet-bulb temperature
(1b/1b of dry air).

hw* = h, evaluated at the thermodynamic wet-bulb temperature
(Btu/1> of water).

hg* = hs evaluated at the thermodynamic wet-bulb temperature

(Btu/1b of dry air).

PV
B v
® =ty
PVl

IR B o b s e

B




| h o= (b, - hy) + by  2.7-6

h+ (W% - Wht = b | 2.7-7

The last formula reaprescats the thermodynamic wet-bulb femperature relation
for given h and W of =oist air.

The psychrometric calculations of thermal enviromment begin, usually,
with input data for dry- aad wet-bulb tamperature of molst air. These two

temperature data are sufficient to describe the complete thermodynamic

state of the moist air at one standsrd stmospheve. The actusl calculations

iavolving heat- and mass~balance within a given thermal system are, however,

E .

more readily performed with the dry-bulb tempersture snd thé humidity ratio,'>
as seen in enuations of shelter heat balance. The method used during this
study to obtain the humidity ratio of wmoist air from its dry- and wet~bulb
data {8 described as follows: 7

The thermodynamic wet-bulb temperature relation 2.7-7 can be
expanded by the use of anthalpy expression 2.7-6.

o
wa(t)

[hg(t) - ha(t)] + ha(t) + [Ws*(t) - Wlhw(t') = hg*(t')  2.7-8

In the above expression, Wg(t), hy(t), and hy(t) are thermodynamic
properties at dry-bulb temperature t, while Wa*(t’), hs*(t'), and hw*(t')

are thermodynamic properties evaluated at wet-bulb temperature uf. “f 4

Rearranging the terms in equation 2.7-8, the humidity ratio W for

dry- ¢-d wet-bulb temperatures t and t’ can be expressed as

ha*(t) - ha(t) - hy*(t’ )Wi*(t' ) ; .
ha(E) - Ba(t) - hy*(t Jg(t)  8(E) EENE -

The calculation of the tharmodynauic wat¥bu1b¥tqmporaturi from &

given dry-bulb temperature and humidity ratic is also possible from
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2.7-8 by an iterative technique. The iterative iu&nﬁ@a& founﬂ ,mc‘:p‘ufui -
during the course of this investigation is the inverse intcr“voléctan |
formula [6] of Newton applied to Goff and Gratch tables.
. 2.8. Effagtive temperature of ahelter“aﬁr. ;
For some of the shelter analyses, effective temperstures have been ‘ {f' “
calculated from dry- and wet-bulb temperatures assuming =n air;jalﬁéiéi-of w:“ M§

less than 20 fpm. The effective temperature chart of the ASHVE* has been

o Ty

stored in the computer memory in a tabular format, and a table~szarching
&nd interpolative subroutine used to czlculate theje‘ff;zﬁtéﬁia teﬁﬁéfﬁéi}fe.
3. DESCRIPTION OF COMPUTER PROGRAMS

3.1. Comguter models,

Basically four different computer programs have bcenvdeﬁl"op”cd during .
this study. All the programs, however, essentially employ the time-itcraﬂoh "
technique for solving transient heat conduction equaticns and they';fe :
designated as follows: |

M-(1) Three-dimensional model with composite walls and with seperate
initial temperature pattern normal to the six boundary surfaces.
M-{(2) Three~-dimensional model with homogeneous heat conduction

medium having separate initial temperature patterns normal to

the six boundary surfaces.

M-(3) One-dimensional compound heat conduction model for coumposite
-reglons &enting the six exposures separately.
. M~(4) One-dimensional compound heat conductirm model for six
composite regions assuming &4 adiabatic roof. |
Bach program has advantages and disadvantages, ss discussed in the

" following pages.

¢ * ASHVE Guide 1950 Chapter 6
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M..(I}. ' Thia éwsm has bean described in refarence [2], and was -

used to evaluaie the NBS family shelter. The earth temperature field sur- - ‘

rounding the ehelter was divided into 6 blocks, such as lhimnY itz Flguze 1, -
Thies block system enabled the proyram to account ixy. lim in which
some wall region (s) may be considerably diffccent from the others in h’entﬁ
transfer properties snd earth r.em'peranét;re.

. The initial tempei'atnre--—in‘ esch biﬂck was programed;my in the |
dirécﬂon'mrﬁal/to- the wall surface, 5wever, because the temperature
profiles were usually known only along those directions. -

Temperature calculations for the entire earth region surrounding the
shelter were made with time-iterative techniques on three-dimensional
finite difference equations. The concrete wall (including floor and ceiling)
temperatures were calculated by one-dimensional finite difference equations
separately for each wall, assuming that lataral temperature variation on
the interior sur-face for a given wall could be neglected. Each inner-
wall-surface temperature was determined by surface heat balance equation
2.2, including vapor condensation but excluding condensate re-evaporation.
The shelter psychrometric condition, dry-bulb temperature, dew-point tem=
perature, and relative humidity were then evalusted, based upon the total
heat balance equation 2.1,

M=~(2). In this model, thermal properties or heat tranafer charac-
teristics around the shelter air space all nr. asgumed homogeneous. In
other words, no distinction in thermal properties was made from the concrete
wall to the soil, or from ons wall ragion to the qehnr. ‘as in Model M=(1).

The eerth temperature initialiation was performed only in the
direction noimal to the sarth surfacs. The finite differencs aeh-;i,

employed for the three~dimensional tiu-lto:ntion.idu‘un ottho haat
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MATRIX
(SCHEMATIC)

Schematic disgram of the matrix used for computer program M-(1).

DIAGRAM OF HEAT TRANSFER
AROUND FAMILY SHELTER

Fig. 1




conduction equation is shown in figure 2. The homogeneity assumption of (:)

the heat conduction equation mentioned makes it possible to analyze omly
a one-quarter eegment of the shelter, because of the symmetric nature of
the entire system, The details of this program have been described in
reference [1]. This program was applied to the NBS 6-man family shelter,
the Summerlin shelter, the Broyles shelter, the Napier shelter, and the
Reading shelter, for the purpose of comparing the calculated shelter
thermal enviromment with the experimentally observed dats.

M-(3). The three-dimensional effect on earth heat conduction
around the shelter becomes less and less significant as the shelter size
increases. A one-dimensional compound system was developed primarily
for large shelters, where a major portion of the heat flow is always
normal to the shelter walls, ceiling, and floor. This progrem is identi-
cal with M-(l), except that the corner region of earth and concrete is
ignored, and the one-dimensional finite difference .quntioﬁ was used for
earth temperature determinations. Comparison with the two previous
programs indicates that the earth temperature compuiation scheme was
drastically simplified in the model. The program was applied to the
Summerlin and Reading shelters.

M-(4). This program vwas a nodification of ¥-(3), to simulate
[ basement type shelters such as the two at Ft. Bhlvoitf The

F _1 heat tranifur in the ceiling region of basement :hiltgr: vill be much | _ 

less significant than that in wall and floor regions. Thus, in this

program, the outer face of the ceiling layer was assumed adiabatic.




S e

Mg. 2

-13 =
Qsun,SOLAR RADIATION
i

te HEAT TRANSFER

AR
OUTDOOR BOUNDERY

EARTH SURFACE

(o]
Q-
Ny
|
|
t
i

'v-wv G

VENTILATION AIR
G

-

.
to, Yo

R .
)‘: §
' :
{
1 v
‘ 8
]
3 .
- I S
> o T, | ADIABATIC BOUNDARY %
} y [N % \
| HEAT GENERATION ;
1 l i
| 1 |
t !
¥ | l |
: |

r
L]
[}
]
]
'
L
]
L
]
]
§
]
qf
(]
]
!
]
'
&
]
(]
¢
]
'
]
1
[
| 9

o

PLAN RSP
Schemitic diagrem o{ tha heat conduction region used for computer |
program N-(2). . L R i

R e A R RS (1 e vt e e




B Lo TR T PSR R

The calculation of the psychrometric condition of shelter air for

this program was designed so that dry- and: wet-bulb and dew-point tempera-

ture, as well as shelter effective temperature, can be computed with or
without the air conditioning system curnedboﬁ. The details of the atir
conditioning calculatjions used in this program are described in the
appendix. This program was applied to 200-man and 1000-man shelters of
Ft. Belvoir, which were tested by the University of Florida.

3.2, Iunitialization of earth temperature surrounding a protectivo

shelter.

Accurate heat transfer calculations for the early part of an
occupancy period for these shelters are extremely difficult, because of
the uncertainty about the certh temperature distribution around the
shelter. Particularly for the shelters that had been installed wich only
a shallow earth cover, the temperature variation from roof region to the
floor region, fram one wall region to another, and from corner to flat
surface region was quite appre iable, and very complex to approximate
mathematically.

In order to simulate tiiie complex and three-dimensional pattern of
the initial earth temperature around the shelter, assuming that such
three-dimensfcnal patterns ire impertqnt ehc.eirth tcnﬁatature program

becomes highly, and perhaps unnzcculartly. eouplicated Therefoxe, durin;

the study, & linplification vae nnda by sclnctius threa inittll tem~

perature patterns, as follovl.

-1. Earth tesperature gradients are alwiyqiin & direction

~ normal to four wall:,_!loot; lﬁd tobf‘suttaéoa - block wode.

o}
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I-2. Predominant earth temperature gradient is always along a
vertical path, from the surface downward - vertical mode.
I1-3, Earth temperature is virtually constant all around the
shelter - constant mode.
These three modes of the initial earth temperature patterns have
been employed during the calculation, and presented in this report.
However, it is important to remember that the detailed earth tem-
perature profile data surrounding shelters seldom will be available,
even when it is important, for the majority of actual shelters. For
most of the thermal environment calculations of underground structures,
it is usually assumed that the earth has a single value of temperature ,
This uncettainty in the initial earth temperatures is one of the
sources of error in predicting the thermal environment of shelters, |

particularly for the early period of shelter occupancy.

4. DESCRIPTION OF PROTOTYPE SHELTERS

Brief descriptiona of the prototype shelters used for thxa anaiyais
and their characteristics are given. If the mathematical alnnlation of
shelter thermal eavironment is to be most effeetive, it is unccacary to
securs accurate 1nfornntion regarding many pcrluntets related to ltruc-
tural, site, climatic, and oporational char;ctntioticn of nhelttru.

4.1. NBS shelter. | -
The fant;y size shelter in wgnhtngton, D.C., tactcd by :he

Netional Buresu of Stindardl, vas conntructad nccarding to lu!lnttu HP-li- =

[T (R
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of the Office of Civil Defense [3] with some small modifications. It was

a concrete wall shelter with external dimensions of 12 feet long, 9 feet

4 inches wide, and 7 feet 6 inches high (not including hatch), placed in

an excavation and covered with 2 feet 3 inches of earth. The interior
dimensions of the shelter area were 10 feet 8 inches long, 8 feet wide,

and 6 feet € inches high. A 2-foot-wide hatchway was installed oun the
north side of the occupancy area and separated from the 8- by 8-foot living
space by an Q-inch-thick concrete shielding wall. The earth surface over
the shelter was grass covered and partially in the shade of neighboring
trees. The soil around the shelter was mostly loam and clay; its deﬁlity
averaged about 109 1b/£t°, and its moisture gontent averaged about_lS
percent (dry weight basis).

Ventilation eir was controlled in a neighboring equipment house to
specified conditiors and ducted into the shelter through an ianlet at the
mid-height of the shielding wall facing the occupied area, and the shelter
air was exhausted through an outlet located on the oppoaite wall ef the
hatchway.

Six simulated occupants (SIMOC) were carefuliy designed and con-
struc~ed to prodﬁce sensidle and lstent portions of metabolic heat as
fuanctions of shelter area tempersture (detsils of SIHOC are fogh&fiq>‘Nk
rafarence [3]). Pour SIMOC's hed o nominal heat output of 400 Btufhr,
| _and the other two had hest outputiof 200 and 600 ltia}lh':_. ‘r;tipoct'inly,
éﬁial¢:§ psychromstric Obi.t?ltioﬁl.i!té_-ld. at th@lian:§iit;§¢.‘

‘afr fulet, the exhaust air cutlet, snd at the S-foot level sbowe the




- ';amn:, ;\‘»eit ary duuty nnad from 103 lblfr‘ to 111 lbf!:"

-

geometrical éenter of the shelter floor. Temperature observations
obtained during this test included earth temperatures around the

shelter to a maximum distance of 4 feet away from the e.terior surface of
the concrete wall for all four wa113~§nd the'floor.v In the:aheltcr rocf
region, eaft‘h temperature was studied with four thermocouples located

6 inches, ‘12 ihchei, 18 iﬁches, and 24 inches from the external surface

of the shelter ceiling.

Five tests were ccrnducted with variatwns in test duration, venti-
lation rate. number of occupantr, ventilation air cmﬁ;tion, and sur-
rounding earth temperature. Test 1 waﬁ conducted with no ai:'cﬁpants , with
42 cfm of veuﬁlat:ion air. Tests 2, 3, and 4 \‘nté gachvconducted with
six SIMOC's, and with ventilatioo air ntu;of-o, 1‘.8,‘~an‘d‘ 42 cfm, respec-

tively. Test 5 was undertaken to simulate sinter counditions of occupancy, |

- wventilation aly, snd sarth temperature, ‘uiing six SIMOC's sod 18 cfm venti~

tation air.
4.2, Summerlin shelter [4].
This s&éltcr was a welded steel structure locsted entirely below the

fmasmé srade iﬂm, vtth a 30 inch earth cover over the voof, {n a rursl

atea of Cai-\esvine Flg , and themlly fsolated from other bu ldiugu

? ‘_ﬁm mwyancy ama dimmim nro 23 feet 2 inches loog, and 7 fut 8

o inctu mé& ‘!‘ht s&w‘tu rmf vas. nrc!usa mr the wall, m& :he mxtmu -

- {*eaf.xmg helgh: n m ;amfsh of m mh wes 7 feet 2§ mxm. A 4By
3etost hmm;; wr Lamud ot one end of the sheltar. The esrth -rmnd

' ":ho shelﬁe‘: was 8 aﬂ.xtaﬂ ot tnd and loa, sod the earth cmr vas biu

".f;\‘__-;f,?“@t %suio) of t!%ﬁ sou umln uulmd ranged from 9 pmnt te 19

;;;n: &m tune ai’ &ht :holn: cnviromnul tutm m -eutun co&t!n: (&ry 4
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Ventilation air conditions were generated in an equipmeat trailer

located outside the shelter, and supplied to the shelter by a flexible
tube passing through the entrance hatch. The ventilation air inlet was

near the north end of the shelter, and shelter air was exhausted from a

stack located at the sortheast corner.

Two series of environmental tests were conducted, using 18 SIMOC's

3
3
4

(ref. 3) of NBS 400 Btu/hr type; one dur{ng July 1962 with ventilation

air of 200 cfm and typical Florida summer outdoor psychrometric condie

St AL

tions; and the other during April 1963 with ventilation rates of 54 and

: 216 cfm ac August and April psychrometric conditions. The simulated August
peychrometric conditions used for the tests were diurnal cycles of 36 °F
msximum dry-bulb temperature, 80 °F minimum dry-bulb temperature, and

79.8 °F average dewpoint temperature. The simulated April psychrometric

e A i gL S

conditions used for the test were diurnal cycles of 76 *F saximuem dry-

R

buib temperature, 61 °F minimum dry-bulb temperature, and 59.5 °F average

dewpoint temperature.

4.3. The les shelter(4].

The Broyles Shelter, at Gainesville, Fla., waa so constructed that

a portion of the thci:&t vas bslow grade, 1n6>3 feat of earth was mounded
around the abav--sxtdﬁ portiau. The toterior of the shelter had s ciiilng
haight of 7. 33 faet, and thc tloor ares. n.ssured 16 by 7 75 faet, for a
total crea of ;2é agure !ete- tho floor. placcd on a plastic as-brnna.
was of uttcrproof toncrete tllnforccd vtth 1/2«fach steel rods on 12-tach
centcrs_;k, m \nlh vere houw concrete Moch vith c-nventuml BOTLAT
jcint;, and the cavities ware filled vith.u‘tctproot;ca-:nt_co the walls

hr_t constructed. Tha roof was & comrete 'hb nwm with 3/8=fnch
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steal rods on 12-inch centexs. _The concrete ﬁaa trested with a wétiﬁ- -

proofing material at the time it was mixed. This shelter was chaded by%f\\
surrounding trees, and a heavy layer of sod and green grass covered 1t5§nd";“{:-

the surrounding ground .. The surrouﬁding earth was a mixeure 6f sand and :?é

loam, whose dry density ranged from 95 1b/E£F to 104 l@/fta, and méjatﬁﬁé
content from 1 percest to 12.3 percent. s - 2 2} .
For most of the thermal environment test periocd, 17 SIMOC's (réf; 33 o4

of NBS 400 Btu/hr type were employed. The ventilation air was broctqgedf_‘ r 5

s

i

outside the shelter to simulate diurnal cyclic conditions of 56 °¥ m&ki-

mur. dry-bulb temperaiuare, §0 °F minimum dry-bulb tempéfaturé; and 70 sy

S b

average dew-point temperature, aud was forced into the shelter by a fan

s g e e

through an air supply duct that wae laid along the fneide aurfac¢ of the

longitudinal shelter wall, and which had four equally spaced out[éts. ?he'V

shelter air was exhausted through two outlets located at oppmsite xndé of

the shelter,

In addition te the regular psychrometriq(measuremeﬁ;s of inlet

ventilation air, shelter exhaust aix, and shelitey air at the gebmetricaf‘

center, several .easurements were made of the shelter inner wall surface

b e o mem dagrh
. - iy,

temperature snd surrcurding earth temperatuve.
The shelter was tested in four éuccessivm phagses:
Phase 1: A ventilation rate of 3 cfm pex person was aupplied,
: and a fan-atud-coil unit simultaneoualy cocled the recirculated aiﬁ-by ‘
4 gpu of well water at an inlet water temperature of 71,5lfF,- During N
the first two days, sensible and imtent hecat was removed from the shelter by -
this fau-and-ceil unit at a rate of 6440 Btu/hr. This ceoling capacity

(w exceeded the total heat supplied to the SIMDG's by 4800 Btu/hx,




o k0 ~
Phage 2. The wu-wam cofl wes cut off and 10 cfa per -_ =

person of'ventiiéﬁion g;;rwaSvaupp ied far a period of 12 days.

,

g, Thgae 0 paases were opersted under the - ~; 2 S8

- Pﬁase%iB &n
same coﬁéitions as ah&se ;. excsgt tbat the ventilation rate in phase 3
uag 6 cfm per pevson (“ar 4% houxs) and in pkase 4 was 3 cfm per person
(for 48 houra) '??

i agier shelte; f4]

' The Napler sh¢1ter_waa a 100-occupant community shelter designed
for é;groupiof résidghts in a subdivision adjoining the city of
G&ines&iile, fla:‘ The floor level was 5 feet below grade and 30 inches
of ;arth ;évered the roof. The floor slab was wire-mesh reinforced,
4~iné%-th£§gvcoﬁcr¢te poured over a waterproof plastic membrane. The
iAwalls ware of 8-inch-thick hollow concrete blocks, whose cavities had
;xeiaforéing rods plﬁced vertically through then at selected intervals

aﬁﬁ were then filied with concrete. OQutside dimensions were 20 feet wide
and‘BS feet long. The interior floor area was 1561 square feet, Rein-
forced prestressed concrete T-beams placed on top of the shelter walis,
fach in contact with the beams parallel to it, formed its roof. The

surrcunding earth was mostly clay, whose dry density varied from 76 1b/ft®

to 109 1b/ft>, while the moisture content ranged from 3.4 perceni to

R e e e

g

34.2 percent (dry seight basis). The earth surface over the shelter was

bare with several patches of weeds. *

% Y e T

For this vest, 100 SIMOC's (ref. 3) of NB§ 400 Btu/hr type were
employed. The wvertilation sir was conditioned in the equipment trailer
outside the shelter to represent a diurnal cycle of a Florids summer:

96 °F maximum diy-bulb temperature, 80 °F minimum dry-buld temperature,

s v T PR Oy Y AT N A T R B T T




and 73 °F average dewpoint temperature. It was forced intc the shelter

at two stations at the ceiling level in the south wall, appréiiﬁitely §A-

feet from the southwest and southeast corners of the aheitet., Thé

ventilation air was discharged in the direstion of the horth wall; and
after passing through the main chamber was exhausted through the entry
. doorway and entry chamber. Regular psychrometric measurements were made
of shelter air, ventilation air, and exhaust air. In order to study the
three~dimensional earth temperature profile during the simulated occu-
pancy period of the shelter, numerous measurements of earth temperature
were made around the northwest and southwest corner regions.
The test was conducted in six phases: oo Aol
Phagse 1. Ventilation rate was maintained at 3 cfm per person
for 48 hours, during which a well-water coil using 12 gpm of 72.2 °F water
was in operation. The measured total cooling capacity of the well-water
coil during the phase averaged 20,700 Btu/hr, amounting to 51.6 percent
of the total heat released by SIMOC's. |

Phase 2. Ventilation air rate was increased to 6 cfm per

person and the well water coil was shut off for this period of 97 hours.
J Phase 3., With all other conditions being identical with those
of phase 2, 30 NBS SIMOC's were replaced by one MASS SIMOC of MRD [4] for

42 hours. {(One MASS SIMOC has an adjustable output from 1-40 SIMOC's of

% S NBS 400 Btu/hr type.)

Phase 4. The MASS SIMOC was replaced by 30 NBS SIMOC's for

; A 51 hours.
Phase 5. Ventilation air rate was increased to 8.05 cfm per
E (:;f person with 100 NBS SIMOC's for 116 hours.

T,
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: Phase 6. The total ventilation rate remained at Suj cfm

and 100 NBS SIMOC's were used together with 1 MASS SIMOC for 36 hours,

rapreaenﬁing a total of 140 occupanta.

T

4.5, Reading shelter [4]. | ‘ *
This was a community shelter located in a park owned by the city

of Reading, Pa. It was constructed in a hillside to take advantage of a
thick earth cover, and was basically a rectangular parallepiped 56 faet
long, 17 feet 4 inches wide, with a ceiling height of 7 feet 8 inghel.
The ends of the ghelter were connected to separate tunnel-~like entry
corridors so that two right angle turns were formed in each of these ¥
r passageways. The floor was 4 feet 6 inches below the grade level that
existed prior to construction, and the roof and all sides had a minimum
earth covering of 30 inches. All bearing walls, the roof, and the
floor were constructed of concrete reinforced with steei bars. Water-
proofing was applied to the extermal surfaces of the shelter during
construction. There were many internal partition walls constructed of
hollow concrete blocks with mortar filled voids, for rooms of various
purposes, such as storage, first aid, mecharical equipment, and lavatory.
The surrounding earth was sandy loam of dry demsity between 89 1b/ft* and
121 1b/£t°, and molsture content between 10 percent anu 22 percent (dry
welight basis). The earth surface at the time of testing was grass umder
snow, Ventiiation air artificially created in an equipment trailer
outside the shelter was carried to the shelter through a duct connected -

to a stack that under normal shelter aperstiom would be utilized as an {; o

exhaust stack. A temporary distributiom duct for ventilation air supply

was installed at the ceiling level along the west wall of the shelter.

A T e
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Three air outlets were installed in the temporary ducﬁ at equally spaced
intervalas, The air was exhausted through a stack located in the center
of the ceiling of the aquipment rcom, which was almost longitudinally at
the opposite end from the air suppiy duct.

The ventilation air conditions used for this test varied considerably;
however, the dry-bulb temperature was generally maintained between 32 and
40 °F, with an average _dewpoint temperature of 30 °F. The simulated
occupants used were two MASS SIMOC's (ref 4), which were capable of
produciné sensible and latent metabalic heat equivslent to 129 sede:}i:ary
adults,

Psychrometric observation stations were located at the ventilation
air inlet, geometric center of the shelter, and exhaust air outlet.
Thermocouples were used to measure interior surface temperatures and
several ground temperatures extending downward 45 inches distance from the
top of the floor slab and horizontally from the outside surface of the west
wall. The roof region ground temperature was also measured at several
distances from the outside surface.

" The test was divided into seven phases, described as follows:
Phase 1. Ventilation at the rate of 150 cfm was supplied
to the shelter in the manner described previously, and the two MASS SIMOC's
were adjusted to deliver heat and moisture equivalent to & total of 30
sedentary adults. This phase continued from February 26 to March 4, 1963.
Phase 2. Ventilation rate was then decreased to 75 cfm, or
1.5 cfm per person, with operating conditions identical to those of

phase 1, This phase lasted approximately 5 days.
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Phase 3. The mass SIMOC's were readjusted to produce total
equivalent metabolic heat for 100 occupants. The total v?ntilntion air
rate was 150 cfm during this phase of study, lasting three diys.

Phase 4. During the three-day perind that £ollowed phase 3,
from March 12 to 14, shelter occupancy was 50 simulated occupants. The
ventilation air at a rate of 831 cfm was supplied by the blewer that
originally had been installed in the shelter as a part of the permanent
facilities. The shelter’s own air handling systems provided the distri-
bution and exhaust of the shelter air. The purpose of this phage of
the test was to determine if the original equipment for supplyiﬁg air,
and the air distribution and venting systems were adequate,

Phase 5. During this phase, ventilation air at the rate of
718 cfm was supplied for 50 simulated occupents, The air distribution
and exhaust systems were changed during this phase, details of which arxe
not important for the purpose of this report.

Phases 6 & 7. These phases were conducted for sealed-up
conditions without ventilation for 50 simulated occupants for 24 hours,
and 100 cimulated occupants for 58 hours, respectively.

4.6, ¥t, Belyoir 200-maun shelter,

This was an experimental 200-man shelter designed and built by the
Protective Structures Developmeni Center at Ft., Belvoir, Va. It was a
two-story reinforced concrete structure with one story below ground level.
Because the building had been bccupied'by personnal of the Protective
Structures Development Center prior to the environmental teating, the

temperature and humidity had been comfort conditioned. Only the base-

ment area was used foc the shelter envirorment teat, while the upper
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floor area was heated to simulate an adisbatic roof aondiéién. The
shelter walls were 10 inches thick, the floor slab 6 inches thick, and
the ceiling-floor slab 8 {nches thick. There was a 12-inch-thick fill
of gravel between the external surface of concrete of the baszment and
the earth on all sides, except the north end. The earth around the
shelter was a mixture of sand and clay, its dry density varying from
85 1b/ft® to 120 1b/ft® and its moisture content from 9 percent to 23
percent (dry weight basis). The earth surface was composed of sod on
all sides of the shelter, except for a portion of the north end where
a bituminous concrete driveway was located. Interior dimensions were
37 feet 2 inches by 37 feet 2 inches, with a ceiling height of 9 feet 6
inches. Excluding a first aid room and stairwell, a net usable floor
area of 1032 square feet was available for 100 simulated occupants.
There were two family-type basement shelters that were built for display
purposes in the test room, one of sand-filled concrete block walls and
the other a triangular-shaped wooden lean-to filled with sand and sand
bags. They may have had a considerable effect in absorbing heat during
the first few days of the envirommental test.

The temperature- and humidity-controlled ventilation air (dry-bulb
cyclee 93 °F~ 76 °F and wet-buld 78 °F~ 74 °F were in phase with
naximmm at 2 p.m, and minimum at 4 a.m,) was produced in the equipment
trailer parked outside the shelter and introduced into the shelter from
ceiling level near the center of the occupied space. The exhaust ougle:
vas also in the ceiling, approximately 12 feet from the air inlet., The

thermal eunviromment of the lower shelter space was wessured with 100

SIMOC's of the NBS type (ref. 3).
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The test was conducted in five phases, in which the ventilation
air rates were 3 cfm per person for the first phase (6 days), 6 cfm per
person for the second phase (2 days), 9 cfm per parson for the thir*
phase (3 days), 18 cfm per person for the fourth phase (2 days), end 27
cfm per person for the fifth phase (4% days).

Psychrometric measurements were made .»® the ventilation afr .

inlet, air exhaust, east geometric center, and west geometric center of
the shelter. Temperature measurements were obtained of verious inner
surfaces, together with surrounding earth temperatures to a distance of
4 feet from the external surface of the comcrete structure.

4.7. Ft. Belvoir 1000-man shelter.

This shelter was built by the Protective Structures Development

Center at Ft. Belvoir, Va. It was a two-rtory reinforced concrete
building with one story below ground level, Prior to testing the building
had been occupied by personnel of the Protective Structures Development
Center, and ite thermal environment had been controlled at a comfort air
condition by a central heating and cooling plant. Only the basement

area was used for test, while the upper floor level was heated to simu-
late an adiabatic roof condition. The usable floox area of the basement
was 5400 f&® and vas given a simulated occupancy of 11 MASS SIMOC's (ref.
4). The shelter walls were 10 inches thick, the floor 6 {uches thick, and
the ceiling-floor slab 84 inches thick. The intetior dinenaions were 74
feet 4 inchea by 74 feet 4 inches, with & ceiling hcight of 9 feat &
inches. The surrounding sarth was sandy clay and ranged in moisture
content from 10 to 20 percent (dry weight basis), and in dry density
from 86 16/22% to 104 1b/€t® depending upon the depth, as well as upon
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the location around the shelter. During the backﬂlunj and mounding o

operations, a 12-inch-thick fill of gravel was placed adjacent to all
the basement walls,

The ventilation .:ir was conditioned by the equipment
trailer to yield & loca: design diurnal cycle of dry-bulb temperature,
94 °F maximum, 76 *F minimum and wet-bulb temperature, 78 °¥ maximmm,

74 °F minimum., The maximum and minimum conditions of dry- and wet-bulb
temperatures were both at 2 p.m, and 4 a.m., respectively. The ventila=-
tion air inlet and exhaust air outlet were both near a corver of the
space and separated from each other by approximately 12 feat for most of
the test period.

The test was divided into four major phases, excluding an initial
short period of purging. Phase 1 was a sealed-up~condition test of
approximately 8 hours without ventilation, whereas the ventilation rates
for remaining phases were varied from 16.8 efm per persen for 3§ days,
te 5 ofm per person for 1 day. The shelter thermal emvironment was
measured by dry- and wet-bulb thermometers at the exhaust duct, the.
northeast ares, the southwest area, and the geometric center of the
shelter, and numerous thermocouple temparature readings were taken for
many parte of the wall surface and the earth region extending outward |
nomllj to the walls and floor to a distance of 4 feet from the
exterior surfaces.

3. SHELTER CALCULATIONS
As discussad in section 2 of this report, the calculated shelter

thermal envirorment i{s affacted by several parametars, such ss thersal

conductivity and thermal diffusivity of surroundfug walls and earth,




and heat transfer coefficients along the inver surfaces af. ehe _a&e’ltéi-amié

the ground surface, Based upon the characteristics of '?prpzoe'y'p@:“_bhg;urg

and their test conditions described in the previous section, table 1 {r pre~

pared to summarize the parameters used for the shelter calculations. However i

many of the heat transfer paremeters selected for the computation cannot be
too precise, The following considerations were given for assigning numerical
values to the parameters ligted in table 1.

5.1. FPhysical dimensions (size and heat transZer area).

The size of the shelter is expressed in the overall internal
dimensions, which are the overall external dimensions less the thickness
of walls, ceiling, and floor. The heat transfer area used for the com-
putation was calculated from the {nternal dimension only, thus ignoring
the complex pattern of partitioning and, comsequently, the heat absorp-
tion by partition walls or columns,

5.2. $imylated occupants.

The simuisted occupants (SIMOC's) used for the experiment were
designed to simulate the heat ocutput of human bodies snd ssch gensrated &
total heat of 400 Btu/hr, regardless of tempersture. The seusible heat
component was regulated acﬁord.tng to the shelter air ﬁtupe‘utu:‘t in the
manner described {n section 2. The number of active SIMOC's was veried
during some tests (Napier snd Reading shulur‘t) dy turaing the power
off and on to & part of them. For this resson, the zrea per person
data shown im table 1 for these tests are not constant. |

In order to simulate the change in mumber of SINOC's duﬂn‘ fome
of the tests, the NBS computer program was comstructed to taks the number

of occupants as a time varicl.. izstead of a constant.
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5.3. Ventilation air,

Observed hourly data on dry-bulb and dewpoint temperatures or
dry-bulb and wet-buld temperatures of the supply air duct were used zs
the input data, either in the 2-hour step or the 4-hour step calculations.
Since the University of Florida waried the rentilation sir rate during
their tests, the computer program was .csigned to accept the ventilation
rate as time dependent input data. These variations of the onumber of
SIMOC's and ventiletioa rates during the Zests are the reason th=t the
per capite~ventilation rate {ndicated in table 1 was uot a constant for
some of the teats.

The ventilaticn air temperature and humidity conditions were
varied with respect to time, cleseiy following a pre-:cribed diurnal
cyclic patteran in most cases. The entries in table 1 show npproxinn:e
ranges of the temperature levels employed during the tast, whqranl‘nctual

hourly v. ues wore used in the calculations.

5.4, Thermal properties of earth and wall

For all of the prototype shelters, soll samples were taken from
several representative apots around the shelter at selected deptha and
were annlyied with respect to soll classification, dry density. asad water
content {dry weight hasis); the{r typical characteristice are thoun-in
table 1. The thermal éanduécivitgca snd diffusivities of warious types
of soils are usually presented ss functions of smofsture content {5,6].
Such charts were comsulted in artiving at the values of therasl conduc-
£1vi§y, k, and thermnl diffuaivitﬁ, o, in tsbie 1.

rarvthe NBS sheltar, the therml diffuaivity vuiué of 0,026 £ fur.
for tests 1 and 2 was estimeted from a phase angle shift of the earth

Ceuwperature cycles st two atffersnt daptha. The diffusivity valuas cf

-
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0.022 £t2 /ar for teuts 3 ard &, and 0,03 £t® /hr for test 5 ware evaluated

by & numcrical technique similar to that veported by Beck [7]. The mathod

1a basically a reversed use of finite difference sclutions of the heat
conduction equation for a semi-infinite aciid. PFor the case of composite
wall models, the thermsl Aiffusivity and conductivity of concrete were
sssumed as 0.036 £t2 /hr and 1.1 Btu/hr £t (deg F/ft), respectively.

5.5. Surface Heat Trapsfer Coefficients.

The surface heat traunsfer coefficient consists of a radiative por-
tion and a convectiwe periion. For the hest transfer at the interior shel-
ter surfaceg, the radiation portion plays a predominant role, since the air
velocity over the shelter inmevr surface usually {5 very small, In addi-
tion, the .urface 2t transfer cocefficlent along any one of the vertical
walls at a giver time wculd wvary considerably from the bottom to the top,
due to the vary.ug neture of layer pattern, as well as that of the radia-
tion heat exchange geometry énd air velocity, and also because of the
difference in local temperature distribution. However, it is probabile
that the local variation of the surface heat transfer coefficient along a ;
given surface may be of the same order of magnitude as the convective heat
trausfer coefficient itself, Several attempts were made during this study to
obtain the surface heat transfer coefficients for the experimental cbser-
vations of the shelter wall heat conduction. Since the NBS test auclter
was equipped with a heat flow meter at the geometric center of each of
all the inner surfaces, and since the {uner surface temperatures and
shelter aix temperatures were simultaneously measured, it was possible
to calculate the heat transfer coefficients. However, the accuracy of

this procedure is questionable, because (a) the heat flow meter reading
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at the geometric center of an inner suriace did not neceasarily visld
an average heat transfer coefficient for the entire surface, bscause of
the local variation of heat flow, and (b) where «<ondensatisn of shalter
air moisture was taking place gimultave~isly, the heat flow meter would
read the total heat flux, which is mot proporticnal to the tewperaturas
difference between the surface and air, 1In fact, these difficulties
were realized in the NBS sheiter, since the ratio agreement batween the
shelter total heat conduction estimated by the heat balsnce, and the
heat conductisn based upon the heat flow meter ranged from 52 percent
to 108 percent in varicus tests {2].

Nevertheless, the wvalues of heat transfer cosfficierits liated for
the NBS shelter tests 1, 2, 3, and 4, and the Summeriin ghelter tast were
ceatimated from the test % data of the heat flow meter readings, adjustad
by the vapor tranefer due to the difference of air humidity ratio betwean
the air and the wet asurfesce, and the Lewis relation of heat and mass transfer.

A low value for the floor coefficient wes observed. This result
was to be expected since the floor surface was typlcally colder than the
air immedistely above it and the downward connection heat transfer rate would
be very low under these conditions., Moreover the effective heat tramsfer
area of the floor was considerably reduced hy the nresence of simulated
occupants. The seme values for the surface coefficient wera applied to
the test 5 condition of the NBS shelter, but the agreement betwsen the
ohserved and calculated inner asurface temperstures was rather poor

when this low value of the surfsce coefficient was used.
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Several other combinations of the surface heat transfsr coefficients
for NBS test 5 were tried and the results are summarized in table 2, which
will ba elaborated later in this saction. For the many other prototype ‘
shelters, heat flow mater readinge were not included, or were not usable,
sc that the detalled heat transfer analysis on the surface by surface
basis was discarded. However, the average heat transfer coeffi;ient:v
for the entire inner surface were obtained from the senasible heat
bslance calculation for the Summerlin shelter during the moderate weather
condition test, the NBS test 3, the NBS test 5, the Ft. Belvier 1000-man
shelter, and the Wapier shelter.

As indicated in figures 3 and 4, the result of this analysis on
the overall sensible inner surface heat transfer coefficient shows a
greatly fluctuating pattern. The accuracy of the calculated values of the
surface heat transfer coefficient 1s inherently related tc the accuracy of
measuring air and surface temperatures. Since radiation would usually be
present and wetted surfaces are sometimee involved, the error in temperature
measurement could easily be a signigicant part of the obsexved temperature
difference for differences of 2 °F or less. A significant trend can be

obgerved, howevef, from Figure 3 and 4 that the overall inner surface

sensible hesl trausfer coefficlent seems to increase as the temperature

difference between the alr and inner surface decreases. ~The majority of the

sensille heat transfer coefficients are in the neighborhood of 1.0, except
for the Napier shelter. Nevertheless, the iuuner surface hest transfer
coefficients selected for the Proyles and Napier ashelters of table 1 are
somewhat arbitrary, whereas thosze given to the Resding and Ft. Belvior
shelters are estimated from ref, 8, which was net availabla prier te

the last three shelter calculations. The possible effacta of the various
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sirface heat tranafer coefficients upon calculations of the shelter
thermal environment can be seen in table 2, which illustrates a result

of sensitivity analyses of innér surface heat transfer coefficients using
computer program #M=(2) on the NBS shelter.

In table 2, the calculated shelter surface temperatures, shelter

_alr temperatures, and shelter air relative humidities are compared with

the observed data at the end of the seventh and fourtezenth day on test

5 of the NBS shelter. The svmbol WG in table 2 is zero when solar heat
input to the ground surface above the shelter is ignored, while it is
one when the entire solar heat effect is assumed absorbed by the ground
surface. If they are compared at an identical condition, the calculated
shelter air temperature at the fourteenth day became approximately 3 'F
higher when solar heat input was considered than when it was ignored.

For the fourteenth day results, the interior surface temperature
agreement between the observed and calculated is better with rather high
values of surface conductances, while better air temperature agreement is
obtained with relatively low values of surface conductance. The combina-
tion of hw = 1.21, hR = 1,4%, and hF = 0.57 is obtained from reference
[10] on the basis that the simulated occupants obstruct each wall from
seeing each other. As far as the shelter alr temperature is concerned,

a combination of hw = 1,0, hR = 1.5, and hF - 0.3 ylelded the best
agreement, which was also true for NBS tests * and 4.

5.6. Outdoor conditions.

Qutdoor air conditions during the prototype shelter test periods
were not the same as the vent{lation air conditions, as would usually
be the :ase for actual non-air-conditioned shelters. The ventilation air
conditions were selected and programmed according to certain climactic

criteria to simulate typical operating conditions of a shelter, regardless
of the actual climatic condition during the test period.
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The cutdjor air temperatures used for the calculations in this
report were recorded separately during the test, awersges of which are
shown in table 1.

The NBS tests included observations of solar energy at the shelter
roof surface, but the tests conducted by the University of Florida did
not hsve these data. Therefore, the inclusion of solar enzrgy data for
the shelters tested by the University of Florida was accomplished by
using data supplied by Flanigan [11].

5.7. Initial earth temperature,

As described in section 3, the computer model M-(1) incorporited
an earth temperature distribution normal to the surface in the six
surrounding blocks. The NBS test shelter included these observations and
they were used for the M-(1) calculation of this shelter. The M-(2)
calculation provided for only a vertical or depthwise distribution of
initial earth temperature. The observed data om roof region temperatures,
average of the wall regions, and observed distribution of floor region
were used to arrive at a depthwise distribution of the earth temperature.
Average earth temperatures of the wall, roof, and floor regions were used
for the calculations employing M-(3) and M-(4) models. Table 1 shows the
overall average values of initial earth temperature which were used for
the calculations in these latter two models.

5.8.. Comparison between the computed and observed shelter
thermal envirorments

Figures 5 through 25 represent some of the results obtained by
computer analysis of thermal environment, together with the observed
data. Figures 5, 6, 7, and 8 compare the calculated shelter thermsl

environments with the observed data for tasts i, 2, and 3 on the NBS
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family shelter. The M-(l) computer program was used for these compari-
sons. Computed shelter air tewperatures agreed with the observed within
approximately 2 °F for the entire period of shelter occupancy. Agreement
between computed and observed relative humidities was good for tests 1
and 3, and somewhat poorer for test 2 using the M-(1) program. Figure 7
represents a sealed-up condition with 6 occupants, as indicated in table 1.
A very good agreement in calculated and observed air temperature for the
first 4-day period is shown in figure 7, However, the calculated relative
humidity was as much as 6 percent lower than the observed during the
second day of test, and did not quite attain the saturated condition that
was observed during the test, even after 48 hours of sealed-up condition.
Figures 9, 10, and 1l compare temperatures and humidities obtained
by computer program M-(2) with the observed conditions for NBS shelter
tests 3, 4, and 5, Figures 8 and 9, both for test 3 condition, show that
computer program M-(1), the temperature-block model, results in better
agreement with the observed shelter temperatures for the first two days
than that by program M-(2), the homogeneous-earth model. This was 3
expected, because program M-(1), as explained before, is considerably
more elaboate in accounting for a complex nature of initial earth tem-
perature distribution around the shelter than program M-(2), and also
takes into account the differences i1 thermal properties of thco concizte

and the earth.

A. However, the agreement between the celculated and obsarved air
temperature at the 5-foot level in the shelter was somewhat better using

the M-(2) program then the M-(1) program during the last 4 or days of

test 3.
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The agreement ~f the computed shelter air temperature with the
observed condition for test 4 of the N3S shelter became poorer toward the
end of the test. The lowering of the computed shelter temperature during

the second week of ihe test was caused primarily by a decrease in outdoor

temperature., This temperature decrease averaged approximately 15 degrees,
beginning on Occober 12 and continuing to the end of the test period. The
detailed report [3] on these tests indicates a steady and significant
decline of earth temperature during this period. The curves on figure 10
shows that the observed shelter air temperature was not affected as sig-
nificantly by this cool spell as the computer medel indicated that it
would be.

The sudden and irregular drop of the calculated relative humidity
for the NBS test 5 condition shown in figure 11 is not reflected by the
observed data. It is probable that the relative humidity in the shelter
was sustained at a high level by drying of thie shielter walls. The mois-
tusc balance between the supply and exhaust air indicated that this
evaporation amounted to approximately 2 to 2.5 lb/day during this winter
test condition where extremely dry ventilation air was employcd. &s
indicated earlier, the computer program develcoped for this analysie had
no provision for taking this drying process into consideration. Table 2
indicates that the calculated air temperature at the end of !4 days in
the NBS test shelter test 5 condition is {n better agreement with the
observed value when solar heat effect was not included for the ground
surface hest exchange than when it was {nciuded. The ground surface was
quite wet during this test period because of a snow prior to the test.
This implies that during this particular test period the‘lolu heat vas

mostly absorbed by evaporation of water on or nesr the earth's susface

R A < e e
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and Jdid not canse epprecialle temperature rise in the pround. Similar
moisture evaporation near the eartn s surface also explains the smalli
earth temperature rise near the surface for other tect condftiovus, such
as the Summerlin, Broyles, and Napier shelters, some of which will be
illustrated later.

Figure 12 compares culculated (M-(?) program) and observed air
temperatures in the Summerlin shelter for its summer condition test.
Although the over:ll trend of the actual temperature is closely followed
by the calculation, the computed amplitude of the diurnal temper-ture
varistion within the shelter is considerablv cmaller than the observed.
The relative humidity calculation for the summer test condition of the
Surmerlin shelter is shown in figure 13. For the first five days, the
calculated relative humidity was higher than the observed. This dis-
crepancy may be due to the fact that there were cool regions in the
shelter irnterior surfaces where wore condensation of water vapor was
taking place than was determined by the calculstion which was based nnan
average surface temperatures of each exposure. Some of the high peaks in
the computed relative humidity during the last three days were not regis-
tered in the observed record. Figure 14 compares the calculated earth
temperature surrounding the Summnrlin shelter during the summer test
period with the observed; The agreement between calculated and observed
values was quite pood for the south and east walls. The earth temperature
under the ‘loor was not observed during the test because this was & pri-
vately vwned shelter and ft was decided that the weter~tightness ol the
floor should not be jeopardired by making & hole through {t. The cal-
culated roof region tempirsture was maich higher than the observed vslues.

As mentioned bofore, this discrepancy {s assure:i to be :auece; by pertial

utilirstion of szolsr cnergy bty surface ewaporetion of ground moieture,

o~
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Comparison of the calculated and observed shelter air relative humidities
for sutmer condition test for Summerlin Shelter (computer program M-(2) ).
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E 4 resulting in less temperature rise in the interior of the earth thaa cal-

culated. It was found for all other shelters for which the ground surface
? vas not dry and bare, the inclusion of solar heat in the calculation
usually gave higher shelter temperatures, as well as higher roof regiom

temperatures, than observed values.

Figure 15 comparez the computed Summerlin shelter thermal environ-
ment with the observed condition for a moderate climatic condition.
Although the computed temperaiure smplitude was again lower than the

cbserved, the agreement between the computed and the cbserved data is

very good and was better than for the hot summer test conditicn. Three
high peaks of the observed shelter relative humidity during the last two
days of the test were not repreduced by the calculation and they may
represent instrumentation errors, Essentially identical results were
obtained when the calculations were repeated by M-(3) or one-dimensional

compound model on Summerlin shelter.

Figures 18 and 17 compare calculated results with observed tem-

perature and relative humidities of the Broyles shelter. As described in
gection 4-C, this shelter was conditioned by a cooling coil using well
water during the first two daya. In figure 16, a dashed curve shows the

computed result without consideration of the cooling coil, thus yielding .

much higher shelter temperatures during the first two days of the test.
The last 2-day portion of figure 16 was not simulated by the computer,
so the comparison between the calculated and the observed shelter tem-
' verature without air conditioning should be made between August 1l and 16,
However, an adjustment was made later tc account for the observed cooling
~ ( capacity of the coil by making Qug and Qy, neyative in the equation for
\ miacellansous heat load -in section 2. The first 2-day portioﬁ of the

Broyles shelter calculation was repeated with this adjustment and the
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results are shown by solid dots on figure 16. The adjusted and cal-

culated shelter air temperatures for this initial 2~-day period agree g

very well with observed temperatures obtained at the geometric center of

the shelter

Figure 17 compares the calculated and observed relative humidi-
ties in the Broyles shelter. The large disagreement of the computed
relative humiditfes during August 2 to 7 cannot be explained adequately
by the available data. The agreement of the computed relative humidities
with the observed values for this test were generally very poor, and the
same trend was also observed in the Napier shelter comparison, as ﬁhown
in figure 19.

The Napier shelter temperature comparison was satisfactory if the
solar heat input to the ground surface is ignored, as seen from figure 18.
The inclusion of the solar heat in the calculation caused the computed
shelter air temperature to be approximately 3 to 4 degrees higher than the
observed temperature.

By contrast, figure 20 shows excellent agreement between the
calculated snd observed temperature and relative humidity during the
vinter test condition for the Reading shelter. For this shelter, nearly
80 percent of the total heat generated was conducted into the surrounding
sarth. The uoisture balsnce of the test results is shown in figure 21;
indicating th; continuous condensstion of water vapor on th!kiﬁhnr sur~
faces of the shelter during the first ten days of ihi'ﬁﬁgg,g‘rhi.vlntg.
lation rate was sither 3 cfm or 1X cfm per person duriﬁ' thta pbrioﬂ.
The excellent ‘agreemsnt botuncn the computed thor-ll anwiron-ent with

the observed condition during thc firet 10-day period ta . ;ood do-on-

stration that the computer qilnlqelon tochntguo uno,!'itg.’-lcunvnr. 1@,

B e o et e R 4 L,
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figure 20, the computed :ehtivc bumidity is upprokmcgly 10 yermt
lower then the observed during the last three days. Mins this pc:m
the simulated occupants were increased from the equ.tnhnt of 30 to 100,
In figure 21, the indicated moisture balance within the Reeding shelter
during this period shows that the wert{istion alr sctually esrried out
more witer vapor than was produced by all of the simulated occupents,
This proves that the shelter wall vas drying eut during the period. As
- Babiivicd befoley Lha computer program does wot have proyisten for sisu-
lating the drying process of concrete walls; therefecre, thg‘ computed
relative humidity was lower tham the observed.

Figures 22 and 25 compere the computed and obse:ved esrth temperg-
tures surrounding the Reading shelter. Being in the midst of winter,
the undisturbed earth temperature was relstively low and the ground sur-
im wss snow covered during this period. Two computer models M-(2)
(symmetricel and three.dimensionel) and M-(*) (one-d‘mensional snd compeund),
vere applied to the Reading e¢helter csiculation, resulting in precticslly
{dentical therms]l emvironments. The ground temperxature profiles wsre
computed and compared with the observed profiles for other prototype
shelters and ﬂn agreemaent between the uiahted snd observed tuulu
were gansrally similar to these shown in ﬂ;uru 22 exd 23 for the
Rasding shulter. |

S The uqmnr Hodel u-(d). butuuy . ou-dtnuhul nl cnp\ad
oyu- vlth tlu top surface of r.h- reof m um.uc. was ﬂhyod u

’ :ea-puu the tbnnl mtro—au of ﬂu re. mmraoomau m—-a

usm-tm nhﬂtcrs Thase xmlu m ohan ;:mmuy u ﬂmu
'and 25. Im;ud of ceqartn; m uhttﬂ wuy, s ia euu of m
mum, Qtﬁlctin tmnm m wm. u wwhu u f-ho M
Mnmu u-nttm m uqum nd dunu :cutu .
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EARTH TEMPERATURE,

-~ 62 ~

READING SHELTER EARTH TEMPERATURE ON THE €

14¢th DAY OF THE TEST
70 1 T I T

{

30— -
CALCULATED | OBSERVED
West Woll
. O —
20— Region . .
North Wall
Region ¥~ e
16— -
0 o 1 l | |
) T 2 3 4 5
DISTANCE IN THE EARTH REGION FROM THE
SHELTER INTERIOR SURFACE,FT

Fig. 22 Cowupariscn of the calculated and observed asrth temperatures outside
: Reading Shwelter walls (cosputer prograa M-{2)).
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EARTH TEMPERATURE,
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READING SHELTER EARTH TEMPERATURE ON THE
i4th DAY OF THE TEST
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¥ig. 23 Comparisse of the calcuiatad and beerved sarth taomperature outside
Sanding Sheiter ceiling and floor (computer progras M-(2)).
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perfectly for the 1000-man shelter. Righer znd less finﬂiuatiiﬁuééyg;z

tuld and effective temperatures wers calculated for the éﬂ@vﬁin s§§itgr o

than were obgarved, particularly duving the fivrsi seven da?s‘cf she test

period. Bw compsrison it sppearved that the abserve&ﬁzemgef§turgﬁ
reflected shelter diurnal cycles corresponding €o a“&igherﬁéénttiiﬂ
tion air rate than the i{ndicated 3 cfm per person. It also abauiﬁ be
realized that the geowetrical relstionéﬁip between the 1n1et7for the
ventilstion air and the stations for room temperatgre measﬁrement and
tﬁe mixing effects in the fntervening space would have an éffact in ﬁhe
amplitude of the temperature variations observed in any of the shelters.
6. CONCLUSIONS \

Except for a very few cases, such as for the Napier sheltez and
the NBS shelter test 4 conditions, the computer simulatiom based upon a
finite differencc solution of the heat conduction equation for the_e§i~
culation of the thermal environment of underground protective sheléera
has been found generally satisfactery. Good agreement between calculat-
ed and observed thermal conditions was obtained for tests 2 apd % in the

NBS shelter, the Summerlin shelter, the Reading shelter, and the Ft.

Belvoir i000-man shelter. This agreement coincided with well-controlled

test conditions, and where input parameters were known ﬁdre accurétely\

than in other cases. However, for this typeef analysis there are two.

inherent uncertainties which influence the accuracy of the calculations.
The first uncertalnty stems from simpiification of the actual

environmental system when constructing the wmathemstical model. The
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‘,~paftitions, foundations, wall supports and reinforcing; the hetar-
ogensous temperatures, thermal propertiss, and types of the surround-
ing sarth; and space variation of conditioning air and {ts convective

patzarn in the shgiter, mskes an asccurate mathematical description
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complexity of the system including conatruction details of interior

of the‘éyatem very dfificult. Therefore, the simulated computer

model i3 & siwplified vereion of the actual system that is suited to the
mathematical hsﬁéﬁing of the ptgbleau Tha magnitude of‘thé error due to
this uﬁceftainty hes not been evaluat#&, but it 4is 2 part of the differ-

ences Detween calculsted and observed teuperature snd huwmidity conditions

éhown in this report for aeven different shelters.

The second wncertainty is clésaly relsted to the £irst, and con-
cerns the reliability of input data. It ie almost imposaibie td acquire
complete thfeeédimensiénal informstion'on'earthlﬁhetmal praﬁerﬁiﬁs aid
temperature, and 1f such information were availabi@, it would be difficult
to use as computer imput data. Therefore, when a hoemogensous heat comn-
duction model is employed for a system surrounded by eerth of hetero-
ganeous characteristics end temperature, the choice of proper Lfpput values
becomes very difficuit. The uncertainty involved in evaluating the interior
surfsce heat transfer coefficients is equally as diffi&ﬁlt, as discussed
in section 5. |

Thue the simplification of the physical characteristics of the resl
shelter-earth system empioyed in creating an analytical model and the
urncertainties in the thermal properties of the materials involved,

became the principal approximations incorperated into the computer
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anglysis of the thermal environment in shelters. In spite of these
uncertainties, good agreement between computed and observed results was
achieved for many of the shelters descirbed in this report.

In addition to these general comments, these specific conclusions
are emphasized, as follows:

(a) Soil analysis of most of the prototype shelters indicat-
ed that thermal diffusivity and thermal conductivity are in the neighbor-
hood of 0.02 £3/hr and 0.75 Btu/hr ft° (deg F/ft), respectively. These values,
in turn, seem to result in fairly éood agreement of earth temperature
change during the test period for most of the shelters.

{b) Heat conductance at the shelter inner surfaces for most
of tﬁe sumner shelter conditions may bz approximated by the following:

1.0 Btu/hr £ft° deg F for v'rtical walls.

1.5 Btu/hr £t deg F for tHe ceiling.

0.5 Btu/hr £t° deg F for the floor.
Although there may be some other values and other combinatfons of these
values that may have resulted in a slightiy better simulation than those
used in the analveis, theo;‘three values can be considered representative
design heat transfer coefficients in the underground cavities.

{(c) For large shelters, the one-dimensionsl, compound 6-
directiconal model M-(3) will probably be adequate for calculating the
shelter heat transfer. Thus, the complicated 3-dimensional model may not be
required, at least for the heat transfer calculation of less than lé-day
occupancy. For small shelters (such as & family shelter similar to the NBS
shelter), however, it is recommended that the three-dimensional model be

used for the accurate calculations.
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7. APPENDiX
7.1 Mr-conditioning subroutins.

Program M-(4) employs a subroutine for air conditioning the
shalter. This subroutine enables the computer program to include the
heat and vapor absorbing capacity of a given cooling systsm (a fan-and-
coil unit) in the shelter heat balance equation of 2.1. The row byf TN
account of the cooling coil performance is considerad for the cross~
counter flow circuited coil circulating the well water, The input data

required for this subroutine are:

Shelter air dry-bulb temperszture, t. R
Shelter air wet-buld temperature, t, | °p
Ventilation air dry-bulb t;mpsrature, tv Op
Ventilation air wet=bulb temperature, Tv' °r
Inlet coolant tempersture, t_ °F
Recirculation air rate, ka
Contact factor of air conditioning coil per row, cf
Thermal resistance hem@ the solid-air {nter- }

face and the coolmat, &, : °r, £ hr/Btu
Estimated tmargtur'e- riss due to fan haat, At? A
Coolant heat coxi'unt. Gwﬁ C | o ~B§u’lhr. p

The contsct fasctor per rov ct. nengionga vaw‘a‘», ;;:i ‘mn‘e’eioarof alr
face velocity across the given air caoling coli’._‘, ._Mfﬂidc heat trsasfer
coefficlent of the coli surface, nm! the smount »bkf‘ tots_l beat trmfct-:

surface. The ﬁéto:_tﬁy be @cz@m by the fﬁll@&u‘ apfuum: _
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whetef. = air side heat transfer coefficient, Btu/hr £ °p,

8 air side heat transfer surface of the coil per row, 1

P

CFHt = CFHRt + CPM = total air flow rate.

The thermal resistance value Rw may be estimated by the following expression:

.EL + zr ‘ 7-2

L
B Sl

‘om

where St = coolant side heat transfer surface of the coil! per row, ft?

f = heat transfer coefficient of coolant, Btu/hr, £t °*F. |

Lr = sum of all other heat resistanc: between the coolant side
surface and air side surface, such as thermal resistance
due to tube wall, finish bond, finish metal (depending upon
the effectiveness of finish). and condensate film thickness.

The temperature rise due to fan heat can be estimated by total

power input to the fan and air flow rate, assuming that all the fan heat
will be expended to reise the air stream temperature. The value of Atg
usually does not exceed 3 °F.

The céolant hecat G, is the coolant mass flow :a:e.unltiplted by
the coolant specific heat, In the case of & diracﬁ expansion iefrigltint_

coll, where the coolant tempersture change in the coil is very small, G,

is considered infinity, or a very large number. The details of the cal-
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culative procedure on Cf and Ry, and their design value can be found in
references 5 and 6,

First, the air inlet condition to the air cooling coil is calculated
by the following equation:

CAR(L,) + (€AY ()
. £1 = CPMg + CPY 7-3

(CPM)p(Wy) + (CIM)(Wy)
My = (CPM)g + CPH 7-4

where ty, Wy, Wy, and W, represent inlet air dry-bulb temperatures, inlet
air humid{ty ratio, shelter air humidity rati{o, and ventilation afr

humidity ratio, respectively. These humidity ratio values sre calculated

by a separate subroutine from dry- and wet-bulb temperstures, as
explained in section 2.7.

The air conditioning coil i{s assumed to be of multi-row structure,
and the overall direction of coolant is counter to that of air flow,
although for individual rows the coolant is flowing perpendicular to the
air stream. For sim.licity, it is assumed that the coolant temperature,
as well ss air-side surface tempcratufe of & row, chauges by a step func~
tion. The heat and vapor transfer calculation of the ccunter-flow dghu.idi--
fying coil requires an iterstive procedure, because, except for the direct
expansion coil, the outlet condition of air otgcoolant 1s hot‘pruvioully

. known. In this report, the outlet coélant_ct-porlturi, which {s fu the

same side as the f{nle: air condition of the coil, &s first approximetsd.

The heat and vapor transfer, and subsequent reduction of air ttn@.raturt.
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air humidity, and change of the coolant fluid, are then cslculated

row by row., After the calculation is completed, the total net chenge

in coolant temperature is subtracted from the outlet temperature of

the coolant, yielding the calculated coolant tempersture st the inlet
condition., If the calculated coolant temperature at the coil coolant
inlet {s different from the actual, the calculation {s repeated with a
modified outlet coolant temperature until the»calculated agrees with the
given inlet temperature of the coolant flow. The general heat and vapor

transfer relation used for this calculation is described for { row as

follows:

S
C [ 1.08 CPM(g-tyg) + 4.5 (CPOO)(My-Hge) | = gltgs-tyy) 7-5

Wgy in the above equation is the humidity ratio of the air saturated at
the surface temperature, ty y; 1if Wy € W, , the second term in the left
hand s{ide of the equation is set equal to zero. Since Wyq( 1is s compli-
cated function of t 4, an iterative techaique {s required to ialve teg
from the above expression. After tgy 1s obtainnd. the lesving air condi-
tion;bt1+1, Wg,1, from the { row, and entering ca&lgnt condition to the
1+ 1, ty 1,1, sre calculated by the following relations: _

tg - tiel = (tg - £g)(Cg) o 76

Wy - Wil - (Wg - Wet)(CE) Lf Wy > Wy

- 0 2 ¥ 4 "i s 3.1

§, o
;5(t.1 ~ tug) * (twi - twiel)(Gy)
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Since all of the velations are linear, calculations of 4.1, We,q, and
ty,1+1 are stralgatforwvard. -

When the total number of rows is N and the properties ia the airx
inlet point are specified by subscript 1, the properties of the air out-
let condition vhould be specified by N + 1. Thug, the caleuletions will
be iterated, as mentioned before, until t, ;) becomes equal to ty. The
final results of the sir conditioning capacity will be expressed as
follows:

(1) Sensible cocling capecity, Qus = (1.08)(CPM)(t,-ty, j+Ats)

(2) Lateﬁthcodling capacity, Qg -‘(6.5)(C!H)(W1-Hg+1!h.

With the value of Qug and Qup known, the shelter air comdition
for the next time period mow can be calculated by sdding Qs and Qu to

the overall hest balance equation in (1).
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- Computer Programs ,
Fortran listings of the computer programe developed for the
heat transfer studies in underground protective shelters during the

contract research are attached in the following pages. Except for

L e b

M-3 prozram, the computer symbols are explained according to input

and output sequences at the begin.ing of each program.

N A complete set of input data and illustrative examples of

output format for program M-4 are alsoc shown .

ey
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Kel:
.I(IC‘Z:~

XP3:

KQl:
KQ2:

¥Q3:

Program M-1 Input and Qutput Symbols

A matrix index marking the

A matrix index marking the

A matrix index marking the

wall,

A matrix index marking the

A matrix index marking the

A matrix index marking the

wall.

A matrix index marking the

A matrix index marking the

4 matrix index marking the

floor,
Nearest integer to
Nearest integex to

Nearest integer to

Number of time in..

interface f earth
interface of earth

end of earth block

interface of earth
intexrface of earth

end of earth block

interface of carth
interface of earth

end of earth block

(KkP1 + KP2)/2.

(KQl + KQ2)/2.

(KRl + ER2)/2.

-ments.

and north well,
and south wall.

outside the south

and east wall,
and west wall,

outside the west

and shelter rocs,
and shelter floor.

below the shelter

Number of matrix points for shelter imner-wall.

Work cell for determining type of initial eerth temperature data.

wc L k"lo :
= 0, :
- 1. :

A constant initial earth temperature when WC = 0O,

Depthwise variation
Homogeneous earth temperature

81ix directional variations,
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TEL(L), TE2(I), T63(T), TEA(L), YG5(I), 166(1): Initial earth tempers-

TC(L,M):

S(M):

D(M):

ZL(M):
CK(M):
CG(M):
AC{M):
AG{M):

H(M):

HD(M): .

Be(H):

DB(N):

TV(CR):

DPV(N):

Q(N):

B

C:

S ¥ T R

ture profiles in earth blocks ou:nidi?ofiﬁntt&,_pouth,faaat,
west, roof and floor, reapectt&ely. bt . |
Initial zemperature distribution of the Shelter,innnr wnl!,‘
°p, o ! i
Shelter inner wall surface area, fcz.‘

Thicknees of shelter laner wall, ft,

Thickness of the earth block, £t.

Thermal conductivity of shelter wall, Btufﬁr,ft,‘!

Thermel conductivity of earth block, Btu/hr,ft,°F

Thermal diffusivity of shelter wall, ftzlhr.

Thermal diffusivity of earth block, £t2/br.

Heat transfer cﬁéff;cient at the shelter inner surface,
Btu/hr,ft2,°t.

Mass transfer coefficient at the shelter innnr.gurface,
1b/he, EeZ(1b/1b).

Heat transfer coefficient at the external side of the earth
block, Btu/hr, ftz, °F.

Outdoor air dry-buld temperature, °F,

Ventilstion air dry-bulb temperature, °F.

Ventilation air dew-point temperature, °F,

Solar rudiationq.ntu/hr,ftz.

Shelter length (internal dimension), ft.

Shelter width (internal dimension), ft.

Shelter height (internal dimension), ft.

€3
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- IN2:

TA:

DPA

ZN:

DTT:

“Mumber of 600 Btu/hx occupsats,

umber of 400 Btu/hr occupants

Number of 200 Btu/hr occupants

“Shelter air temperature, ”?;

Shelter air dew-point tempe:uﬁure, °F.

Ba;ometric pressuve, in. Hg.. -

.Taﬁél sensible heat emitted by non-human heat source, Btu/hr

Total latent heat generated by non-humsn heat source, Btu/hr.

Finite Difference, earth length for N-S., Coordinate direction,

£, |

Finite Difference, earth length for E-W. Coordinate direction,

ft. |
)

Finite Difference, earth length for rocf-floor coordinate .

direction, ft.

Modification of DGX for KPl <I <KP2, ft.

Modification of DGY for KRl <J <KR2, ft,

Finite difference inner wall time, hr.

Totel interior volume of the shelter, cu ft.

Ventilation air rate, €fm.

Run identification number.

Finite difference time for eexrth block, hr.

TG(1,J,K) :Earth temperature °r.

Number of time iterations (subseript).
Elapsed time, hr,

Sensible Heat Exchanged with Ventilation Air, Btu/hr,




QWST:
QWLT:
TWCT:

TQVS,

AT(N)
RH(N)

DP(N)

Latent Heat Exchanged with Ventilation Air, Btu/hr.

Sensible Heat Generated within the shelter, Btu/hr.

Latent Heat Generated within the shelter, Btu/hr

Heat Transferrgd to the shelter innef surfaces, Btu/hr.

Latent Heat Traﬂkferred to the sheiter inner surfaces, Btu/hr.

Water Vapor Collected on the shelter.inner surfaces, 1lb/hr,
TQVL, TQGS, TQGL, TQWST, TQWCT, TIWCT: Cumulative values for

QVs, QvL, QGS, QGL, QWST, QVLT and IWCT, respectively.

TA Calculated shelter air dry-bulb temperature, °F.

= RHA: Calculated shelter air relative humidity, %.

= DPA: C(Calculated shelter air dew-pcint temperature, °F.

Subscript M refers to exposures such that

M = 1: North wall and its region
2: South wall and its region
3. East wall and its region
4: West wall and its region
5: Roof and its region

6: Floor andgits region.

Subroutine:

GN

Computes the moisture saturated air vapor pressure for a given
temperature using Goff and Gratch formula.

Counutes the boundary tempercture by a finite difference formula.
Computes the human metabolic heat by type of occupants as Tunction

of tomnerature.,

AR e
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LNDERGROUND. FALLOUT SHELTER THERMAL ENVIRONMENT HEAT TRANSFER

NATIONAL BUREAU OF STANDARDS PROJECT~10436 T.KUSUDA, 10.3 1185001¢
DIMENSION TG(23922+29),TC(10,6)sQSUNILTO0,6)4DB(L70),TVILTO) ‘
DIMENSICN OPV{170),TG1(10),7G2(10),TG3{10),TG4(10),TG5(10) 1185003(
DIMENSICN TG6(10),TGOU30),5(62,016)92L(6),AG(6)4AC(6),CKI6),CG16)1185004(
OIMENSION H(6)4HD(6) ¢HG(6) ,QWS(6) ,QWL{6) 2 TONS({6) oTQWL(6} 3 THWC(6) 1185005(C
DIMENSICN TTWC(6),QSUNT(6), AT{170),RH(1T70),DP(170}),QSUNO(S) 1185006¢
DIMENSION CD{6),E16),Q(170)

3 FORMAT{8F9.4) 11850074

1 FORMAT(1414,2F3.0) 11851

99 READ l.KPl.KPZ?KP3.KQI.KQZ.KQ3.KR1,KR2.KR3,KP’K00KR,NN'Ltyhvk 11851
IF(WC) 2, 12,11 1185010
12 READ 3,TGI 1185011¢
GO TO 10 1185012
2 GO TO 13 11850134
11 READ 3,(TGLUI)yI=1,KP1)4(TG201),I=KP2,KP3),{TG3(J)sJ=1,KQ1) 1185014C
READ 3,(TG4(J)J3KQ2,KC3), {TGS{K)»K=1,KR1), (TGOHIK) 4 X=KR2,KR3) 1185015¢
10 REAC 3.((TC(L.M).L 1,LC) yM=1,6) , , 11851
READ 3,(S{M)sM=1,6),{D(M),M= 106,1(lL(M)9H-1v6.)1(CK(H) M=1,6) 118501 7(C
READ 343 (CGIM) ,M2146) ,{ACIM) ,M=1,6), (AGIM) 4M=1,6) 4 (H{M) ,M=1,6) 1185018¢
READ 3, (HD{M)yM=1,6)},{HG(M),M=1,6) - o 1185019¢(

6 READ 3,(0B(N)yN=1,NN}, {TVIN),N=1,NN), {DPVIN) ,N=1,NN), (G{N)sN=1,NN)1185040(
CO 55 M=1,6 118504 1¢
IFIFG{M))50,51,50 1185042¢

51 DO 52 N=1,NN 118504 3¢
52 CSUN{N,M)..0. 1185044(
GO TO 55 1185045¢
50 DO 54 N=1,HN 1185046(
4 QSUNINyMI=CIN) 1185047(
5 CONTINUE 1185048¢
9 READ 3,/A,B,C,ZN1,IN2,2N3,TA, oPﬂL,Bs.BL Dc;x,ocv DGZ.Dle,DGYl]. 1185049¢
14 FORMAT(4F9.4) 3 - 11851
REAC la,N‘U'ZW“UTTl 11851
GO YO 300 1185052t
13 READ 3,({TGC(K) K=1,KR3) 118505 3
GO TO 10 118535406
15 FORMAT(43H1 UNDERGROUND FALLOUT SHELTER DATA) 1185055t
300 PRINT 15 1185056t
PRINT 16 1185057t
16 FORMAT({79HO A B C v G 1185058¢
1 IN1  ZIN2 ZIN3  DT) 1185059¢
30 FORMAT (F9.04FT7.1,2F8.1yF10.04sF12.0,FT.0,3F6.2)
PRINT 304ZNsAsB1CeVeGoINL,ZN2,ZN3,DT 1185059
PRINT 17 1185060!
17 FORMAT([64HO M 1 2 3 4 S 1185061t
1 6) 1185062
PRINT 18,(CK{M),M=1,6 ) 1185053t
18 FORMAT({10HO CK{M) 6F10.3) 1185064!
19 FORMAT{(10HO CG{M) 6F10.3) 1185065!
20 FORMAT(10HO ACIM) 6F10.3} 1185066
21 FORMAT(10HO AG(M) 6F10.3) 1185067
22 FORMAT{10HO DI(M) 6F10.3) 11850681
23 FORMAT{10HO ZL{M) 6F10.3) 1185069
24 FORMAT{10HO S(M) 6F10.3) 1185070
5 FORMAT(LOHO H(M) 6F10.3) 1185071
<6 FORMAT[1O0HO HG{M) 6F10.3) 1185072
27 FORMAT(10HO HDI(M) 6F10.3) 1185073
PRINT19,(CG{M),M=1,6) 1185074
PRINT20,(ACIM),M=1,6) 1185075
PRINT2L,(ACIM) s M=1,6) 1185076

C~6

1185000¢



- PRINT22,(D(M), M=l,6)
" PRINT23,(ZL{M),;M=1,6)
TPRINT24,(SIM), M=1,6)
PRINT25, (H(M), M=1,6) -
PRINT26, {HGIM)gM=1,6)"
PRINT2T,(HD(M),M=1,6)
G0 TO 100 ‘
C GROUND TEMPERATURE INITIALIZATION
.100 IF(WC) 101,102,103
101 00 104 I=1,KP3
DO 104 J=1,KQ3
D0 104 K=1,KR3
104 TGII,J+K)=TGO(K)
GO TO 129
102 DO 105 1I=1,KP3
DO 105 J=1,KQ3
DO 105 K=1,KR3
105 TGlI,JK)=TGI
GO TO 129
103 DO 900 [I=1,KP3
00 900 J=1,KQ3
DO 900 K=1,KR3
IF{KP1-1) 111,106,106
106 IF{J-KC1) 111,107,107
107 IF{KQ2-J) 111,108,108
108 IF{X-KR1) 111,109,109
109 IFIKR2-K) 111,110,110
110 TG{I4J,K) =TGLLI)
GO TO 900
o1l IFUI-KP2) 117,112,112
112 IF1J-KG1) 117,113,113
113 IF(KQ2-J) 117,114,114
114 IF(K-KR1) 117,115,115
115 IF(KR2=-K) 117,116,116
116 TGlI,J,K) =TG2( 1}
GO TO 900
117 IF(KQl=-J) 121,118,118
118 IF(K-KR1) 121,119,119
119 IF(KR2-K) 121,120,120
120 TGUI,JeK)=TG3(J)
GO TO S00
121 IF(J-KG2)} 125,122,122
122 IF(K=KR1) 125,123,123
123 IF(KR2-K) 125,124,124
126 TG{1,J4K)=TGALJ)
GO TO 900
125 IF(KRL-K) 127,126,126
126 TG({1,Jd9K)=TG5(K)
GO TO 900
127 IF{K-¥R2) 900,128,128
128 TG(I,J,K)=TGH(K)
900 CONTINUE
1900 FORMAT{10F9.5)
129 TM=0.0
TQAWST=0.
TQWLY=0.
TTWCT=0.
TQVS=0.
TQvL=0D.
TQGS=0.

1185077t
1185078¢
1185079¢

1185080t

1185081¢
1185082¢(
1185083¢(
1185084(
1185085
1185086¢

1185087¢(

1185088(
11850389«
11850901

1185091t

1185092(
118509 3¢
1185094¢
1185095¢
1185096¢
1185097t
1185098¢

. 1185099¢

1185100t
1185101t
1185102t
1185103¢
1185104(
1185105¢
1185106t
1185107¢
1185108(
1185109¢
1185110¢
1185111¢
1185112
1185113
1185114¢
1185115¢
1185116t
11851171
118511861
1185119
1185120¢
1185221¢
1185122t
1185123
11851241
11851251
11651261
1185127
1165128!

1185133
1185134
1185135
1185136
il8s137
1185138



i TQGL=0.

152

TTQSUN=0.

DO 152 M=l,6 -
TQS(M)=0.
TQWL(M)=0."
TTWC(M)=0,
QSUNT(M)=0.
LLC=LC-1
ZLCaLLC

RS T
il

C END OF INITIALIZATION

DO 800 N=1,NN

29 FORMAT (10F5.1)

301

1501

T(KP29yKQL1,KR2),TGIKP2,KQ2,KR1), TGIKPZ:KOZ-KRZ)

Do 28 M=1,6

28 PRINT 29, (TCIL,M), L*loLC)

PRINT 29, (TG(I,KQ:KR),I=1, KPI’
PRINT 29, (TG(I,KQsKR), [5KP24KP3)
PRINT 29; (TGIKP,JoKR),J=1,KQ1)
PRINT 29, (TG(KP;;JsKR),J=KQ2,KQ3)
PRINT 29, (TGIKP,KQsK)sK=1,KR1)
PRINT 29, (TC(K?'K01K)1K'KRZ’KR3’
FORMAT({16F5.1)

e o S S 00 AR A ST T

1185139¢(

- 1185140(

11851410 .
11851421
 1185143(

11851440 .
1185145¢(

11851

1185146¢
1185147¢
11851

11851
11851
11851
11851
11851
11851

11851

PRINT 1501, TG{ls141), TG(lnloKR3)'TG(11K0301’vTG(lyKQ3.KR3’sTG(K°311851
lylel), Th(KP3910KR3’1TG'KP3|KQ3'I)'TG(KP31KQ30KR3"TG(K911KQI'KR1’.11851
1TGIKPLsKQLyKR2) yTGIKPL1,KQ2,KR1),TG{KPL1,KQ2,KR2),TG{KP2,KQ1,KRL1)TG11851

‘@TH-TH+DTT

405

153
1153
402

400

«01
406

409

PSV‘GN(DPV(N))
WV=0.622+PSV/(PB-PSV)
DTM=0.

DTM=DTM+DT

DTA=0,.2

TAL1=40.0

iR=1 _

QVS=1.08e«Ge(TAL-TY(N})
QGS=QG(TALl,IZN1,ZN2,2ZN3,1.)¢+BS
QWST=0.

DO 153 M=1,6
DD(M)=D(M)/2LC
QHS(M)‘H(N)*S(N"(TAI-TF‘11"))
QUST=QWST+QWS(M)

GO TO (1153,406),IR
IX=QGS-QVS-QWST

IF{ZX) 400,401,402
TAL=TAL+DTA
I1X2=ABSF(IX)

GO TO 405

TA2=TAl-DTA
IX1=ABSFI(ZX)
TA=[TALl#ZX2+TA2#ZX1)/{ZX1+2X2)})
IR=2

TAL=TA

GO TO 405

TA=TA}

0DPA=0.2

DPA1=40.0

IR=1

PSA=GN(DPAL}
WA=0,622*PSA/(PB-PSA)
QVL=4780, G { WA—-WV)
CWlLT=0.

THCT=0.

23 158 M=1,6

11851
11851
1185148
1185149
11851
11851

11851

11851

11851
11851

11851

11851

11851

118515S
118516C
118516C
118
1184
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157
WS=0.6220PSH/ I PB-PSH) _ S 310818
IFIWA=6S) 154,154,155 - 118%1s:
156 QuL(M)=0. 118518:
) GO TO 156 . 2185164
‘155 QWL (M)=1061.oHDIMN)IAS{MN) e {WA-WS) : ‘ 3185104
T 186 QULT=QULT+QWLIM) 1105168
TWCIM)=QUL (4} /1061, 118%186
158 TWCT=TWCT+TNCIM) 1185168
QGL=QGITA, IN1,ZN2,2M3,0.)4BL : THIeS176
GO TO {1158,413),1IR 1$1 } 1
1158 2V=QGL-QVL-QWLT ) 11851
IF(ZY) 410,411,412 :
412 DPAL=DPAL+LDPA
LY2=ABSF(LY)
GO TO 409
410 DPAZ=DPAL-COPA
1Y1=ABSFIZY)
DPA={DPAI#ZY2+DPA2e2Y1)/LLYL4EY2)
IR=2 11851
DPALsDPA
GO 1O 409 11851
411 DPA=DPAL
413 POA=GN{TA)
RHA=100.¢PSA/POA 1485173
00 161 Msl,6 1185176
TONS(M)=TQWS (M) +QWS (M) *DT 1185176
TOWL (M) =TQWL (M) +QWL (M) 2DT i 1185377
IM=COIM) o {QHSIH)*QWL(M) ) Z7ECK(M)eS(M))eTC(2,M) 1185148
160 TCL14M)=2N 1185186
161 TTWCIM)sTTNC{M)+THC (M) «DT : 1185171
TQUSTaTONST¢QUSTeDT 11845473
TQWLT=TQWL T +QuWLT DY 1183178
TINCT=TTWCTeTHCTDY 11845179
10GS=TQGS+QG5eDY 1185179
TOGL=TQGL +QGL DT _ ' 185180
TQVS=TQVS+QVSeDY 1185100
TQVL=TQVL+QVL *DT 1109181
C CONCRETE WALL TEMPERATURE DISTRIBUTION . ¥18820
0O 164 M=1,s ; 1185203
E{M)nAC(M)aDT/DDIN) 02 T 118%204
00 164 L22,LLC 11880
168 TCIL MIZELM)OITCIL=1oMeTC(LY! M) { Ll 7E(MI=-2.)aTCLLM)) 1183206
JEIDTN-0TT) 1405,1184,1184 11881
C GROUND AND CCNCRETE BOUNDARY TEMPERATURES 1185207
1164 80 16% JexC1.XG2 168K
00 165 KeKRl,X&2 1105209
TOIRPLodoX) sFNICKIL},CO0L3,TCILLE 1) TGIRPL=00JsK) ooit).osx.o.)ltasl
165 TOIXP2,0,K: »FRICKIZ2)oCOL2),TCILLL ,2),T0IKPR21,0:K) W'z’ﬂ)ﬁi:o-“l.’l )
DO 165  1sKPl,y,KP2 : , : nouu
00 1ab KeKRI,XR2 B ‘ x:aszxs
1S I,KQL K} -FNICI!3’¢C8t3).TC(LLC.AI.TGlI.KGl-lal)o DDI31,06v.0. 11105
166 VGi1,KC2,K) -FN(CKCC);CG(4)o!ClLLC.bi.IBll.lGZOl.lls 004{4),06Y,0.3118%%
: 00 167 JeKPLKP2 RS 31 5 T { V U
DO 167 J=KQi,XQ2 : SKesan
TGi1eJdoKRY) ‘Fl(“lShC5f5)'TC{LlCa§l|'5!lo~h“‘““!,t W“'c“!o@o"l"l o
6T TCU1+J4KR2) cfh((kio!.cstat.rccttc.ot.tct!.J.xlzol:. oots).ocz.o.!lllsx
TCALC o L)=TGIRPL(KQoKR) 11851
TCILCe2)nTCIRP2,XQ KR} s L R YY1
TCILC o3 1aTGIKP KO RR) s S anesy
TCILC 1410 TGIKP, K02, KR ’ g ; T A
TCILC 3 )nTGINP,XOKARL) . ST 1%

PSHsGNITCI1,M)) O Lies16s

¥

TCILCo6)nTEIRP KQoRR2) b : R ¢ . 11
PRINT 1900, (TCILL M), Ral 8) - S o




C  GROUND TEMPERA

KP4 = KP3-1

KQ4 = KQ3~—1

16€
169
170
171
172

173
174
175
176
177
178

179
130
i8l
182

590
580

-4
185
186

570
560
187
188

550
540
530
520
189
190

521
522
523
524
500
503
504
U2
505

5731

KR4 .5 KR3~1

TURES

DO G0 1=2,KP4

DO 600 J=2,KQ4
DO 600 K=2,KR&,. .
IF(KP1-1) 173,168,168
IF(J-XC1) 173,169,169
IFIKQ2-J) 173,170,170
IF{K=KR1) 173,1715171
IF{KR2-K) 173,172,172
AGG=AG(1)

IF{I-KP1) 500,600,6C0
IF(I=KP2} 179,174,174
IF(J-KC1) 179,175,175
IF(KQ2-J) 179,176,176
IF(K=KR1) 179,177,177
IF(KR2-K) 179,178,178
AGG=AG(2}

IF(KPZ-1) 500,600,600
IF(KQL-J) 183,180,180
IF(K-KR1) 183,181,181
IF(KR2-K) 183,182,182
AGG=AG(3)

IF{J~KQL) 500,590,590
iFtI-KP1) 500,580,580
IF (KP2~1) 500,60C,600
IF(J-KC2) 187,184,184
IF(K~KR)) 187,185,185
IF(KR2-K)} 187,186,186
AGG=AG(4)

IF (KQ2-J) 500,570,570
IF (I-KP1) 500,560,560
IF(KP2-1) 500,600,600
IF(KR1-K) 189,188,163
AGG=AG(S)

[F [K~KR1) 509,550,550
iF (1-KP1) 500,540,540
IF {J-KQ1) 500,530,530
IF (KQ2-J)} 500,520,520
IF(KP2-1) 500,600,600
IF{K~-KR2)} 60041904190
AGG=AG(6)

IT{KR2-K) 500,521,521
IF (I-KP1) 500,522,522
iF(J-KC1) 500,523,523
IF(KQ2-J) 500,524,524
1£(KP2-1' 500,600,600
1Fi[-KPl) 502,502,503
[F{KP2-1) 502,502,504
DGX=D6GX1

[F{J-KCl) 501,501,505
IF{XKQ2-J) 501,501,506
CGY=DGY]

EGX=ACG2DTI/{DCXne2)
EGY=ACG«DTT/(DGY*n2)
EGZ=ACGsCTY/(CGZ=w2)

Ti=TGil-1,
T2=7G{1+1,

Je K}
JyK)

it e AR it oS i
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1185220

1185220

1185220
1185220
1185221
1185222

1185223

1185224
1185225

1185226

1185227
1185228
1185229

1185231
1185232

1185233

1185234
1185225
1185236

1185238
1185239
1185240
1185241

1185243
1185244
1185245
11385246

1185248
1185249

1185251
1185252

1185252
1185252
1185252
118525¢
1185252
1185252
11851

11851

11851

1185255%
Li8SZ57



e

T6=TG(1yJ+1,K) 1185
I5=TGl1sJeK~1) . 1165
T63TG{IsdeK+ly 1185.
'xx=th0(Tl#TZ)OEGYO(TB*T#]*&wlttfavI6) 1185.
YYZ2l.~2.8{EGX4EGY¢EGL) k185,
TGlI s JeK)}=XXeTG(lJsK)aYY 1185.
600 CONTINUE 1185,
GROUND SURFACE TEMPERATURES 1185
DO 191 J=1,KQ3 1185,
00 191 K=1,KR3 1185.
TGULlydoK)=FNIHGIL)sCOl1)eDBINY ,TGI25J9K) ¢1asUGXoQSUNIN,L1)}?} 1185
191 TG(KP3,3,K)aFN{HGEI2)4CGI2) 08N, IGIKPI~1,09K)s1.sD0X,GSUNIN,2)) 1185:
CO 192 I=]1,KP3 ‘ 1185.
CO 172 K=}j,XR3 1185,
TG{I, 1,y K)= FM(HG(3)'CG(3,'DB(\‘) »TG(1, 2 K)sl.DGY,WSUNING3)) 1185.
192 TOGUIZKC3 4 KI-FNIHGI4),CGl4),08(%N), Tb(I-KQ’—! K)ylesDOYoUSUNIN,4)) 1185,
DO 193 1=1,XP3 1185.
00 193 J=1,Q3 1185;
TG(IsJy 1)=FN{HG(5),CCI5),DBIN}TG(I, J, 2)e1.4062,CSUNIN-S))Y 1185;
193 TG(I4JsKRII=TG(I,J9KR3)
1185;
1185,
1185%5.
1185
1145;
AT(N)=TA 1185¢
RHIN)=RHA 1185;
CPIN)=LPA 1185;
WRITE CQUTPUT TAPE 81429, {TC 1 ,M)yM=1,6),T7G{1,1,1),7TG(1,1,KR3)
WRITE OUTPUT TAPE 81,1900,1M
195 FORMAT( 10HO QWSIM) &F15,.0) 1135;
196 FORMAT{10HO TQWSIH; 6F15.0) 1185;
197 FORMAT({10HO QWi (M) 6F15.01 1185
198 FORMAT(1IOHO TQWLI(M) 6F15.0) 1185;
199 FORMAT(10HO TWHC (M) 6F15.0) 1185;
200 FORMAT(IOMO TTwWI(M) 6F15.0) 1185
201 FORMAT(LOHO TC(1l.M)} 6F15.1) 1185«
202 FORMAT(100H0 Y 2 3 1185:
1 4 5 6 ) 1135¢
203 FORMAT(100K1 N ™ ovs QvyL 0GS1185;
1 QGL QwWsST QwLT |} 11852
204 FORMAT {100k TWCT fQvs Tavi 1185;
1 TLGS TQGL TOWST } 1185
205 FORMAT (100 TOWLTY TTMCT TQSUN 1185
LTTCSUN H 1185:
206 FOKMAT(11l 3,1F6.146F15.0) 1185,
20T FORMAT(6F 19.2)
208 FORMAT(S5F 15,0) 1185:
302 PRINT 203 1185:
PRINT 206y NyTHMyQVS,QVL,QGS,Q0L ,OWST, QWL T 1185:
PRINT 204 1185:
PRINT 207, TWlT.TQVS.TQVL,TOGS, TQGL , TORST 1185:
PRINT 205% 1185:
PRINT 208, TQWLT,TTWCT,FQSUNTTFO0M 1185:
PRINT 202 11857
PRINT 195, (QwWsS(M),M=]1,6] p1:es2
PRINT 196, (TQWS (M, M=1,6) 1185
POINT 197, QWL M) M=1,6) 11852
PRINT 198, (TQWL M M=1,6]) 11853

T3=2TG(1eJ-1,K)

Cc-11
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PRINT 199, {TWCIM}, M1, 6) - S Lesmy
PRINT 200, ITIWCIN) Mx1,5) : . a 1185318 (i@
PRINT 201,{T0(1,M),mx],6) ' , . lissie W
BRINT 20% : - . 1185320
209 FORMAY( )00 TviNe DPV N} ‘ D84 1) CY 1165320
1 T o8 a RHA : o IR 6 3 ST T
PRINT 29, AT{N)yOP(M},RH(Y) ‘ Lo -
800 PRINT 207, TVINI,OPVING,DEIN), TA,0P4,RHA g — 1183329
801 DIMENSICN 44(2),8B(2),Tn(170) ‘ g 1183340
303 Ad(1}1%0.0 L © 118530 ,
AA (212500, S - L0 1es1 o
88(1)=100. _ ' : S o 118520 S
BBI2}=50, ' ' 5 L 1185360 -
TH=0, ' e S X185360 . ;
D0 96 wN=1, wN : Lo SRR ¥ 7 5 S o
THM=TMeDTT : - o S ) S
90 YHINY=TH “ 13195340 o i
CALL PLOT (3NN, TN,AT, NN,TN,DP,2,a4,88) S 185360 §
CALL  3v¥STEw ~ - C 118534y o .
6070 99 1 » ST 118838y
ENC : : : - EES
Ty
R PO




IX1:

IY2:

1Z1:

I22;

I1723:

CG:

DT:

DX:

DY:

DZ:

DTG

e Pt A e oAb PN e s e e

Program M-¢ Input and ‘Output Symbols

A matrix index marking the boundary between the shelter air

space and surrounding earth (longitudinal directionm)

A matrix index marking,thg end of eaxth region along the
longitudinal directiom.

A matrix index marking the boundary between the shelter air
space ant! surrounding e#rth (transverse direction).

A matrix index marking the end of earth region along the
transverse direction.

A matrirv iuodex marking the boundary between the shelter air
and roof earth region.

A matrix index marking the boundary between the shelter air
and floor earth regior.

A matrix index marking the end of earth of shelter floor
region.

Thermal conductivity of earth, Btu/hr,ft, °F.

Thermal diffusivity of earth; £¢% /hr.

Finite difference time, hr

Tinite differencz length along the longitudinal direction, ft.

Finite difference length along the transverse dirvection, ft.
Finite difference 1eﬁgth along the vertical axis, ft,

Finite difference time for computing the ground surface heat
exchange, (modification of DT), hr.

Internal dimensions of sheliter, ft.



Cri; Shelter véntilaﬁlwn aixr. cu.ft/min.
HV = (60) (specific heat of air)(demsity of air) = 1,08 for atgnda:é
‘air, Btu/hr, °F, CPM.
WG Work cell for groun? surface temperature calculetfen
ifWe< 0, ground surface temperature = outdoor alr temperature,
if WG > O, ground surface temperaturs ig computed by solar heat,
convection heat and conduction heat.

RUN: Run number.

HW: Vertical wall surface heat transfer coefficieats, Btu/hr, ftg °F.
HR: C-iling surface heat transfer coefficient, Btu/ar, ft% °F.

HF: Flocr surface heat transfer coefficient, Btu/hr, ftg °F.

HG: Ground surface heat transfer coefficient, Btu/hr, ft% °F.

TSW, TSR, TSF: 1Initial surface temperatures of wall, celling and floor
respectively, °F,

TA: Shelter air temperature, °F.

DPA: Shelter air dew point temperature, °F,

ZN1: Number of 600 Btu/hr occupants.

ZN2: Number of 400 Btu/hr occupants.

Zn3: Numbexr of 200 Btu/hr occupants.

BS: Sensible heat generated in the shelter by non-human source.
Btu/hr.

BL: Latent heat generated in the shelter by non-human source,
Btu/hr. ‘

PB: Barometric pressure, in. hg.

Ll: If posivive, initial ground temperature varies with depth.

C-14




[
b

AT R 2 I

L6:
L7:
L8:
NN:
$PT2:

FAR"K

ZLR:
ZLF:

TGé4:

= e s et AT AT Y AN o 3¢ v e, L

if positive, outdocr therual environment 4s conatant,

If positive, ground temperature will be printed out only at the
end of total time iteration,

If posirive, ventilation air rate varies with time,

If positive, number of 600 Btu/hr occupants varies with time.
If positive, numbur of 400 Btu/br occupants varies with time.
If positive, number of 200 Btu/hr oceupants varies with time,
Strength of non-human heat source and sink will vary with time,
Total number of time iterations.

Work cell for two different kinds of data input formats,

Lewis number for wall = 1.

Lewis number for roof = 1.

Lewis number for floor = 1,

Constant initial earth temperature, when L1S0, °F

© TGH(KT Depthwise varistion of initial earth temperature whenm L1>0, °F,

DB¢:
1Vg:
QSUNg:
DPV#:
DB(N):

TV(N):

DPV(N):

QSUN(N: :Solar irradiation (time dependent), Btu/hr £t°,

. DN(N):

Coustant outdoor air dry-bulb temperature, °F, when L250,
Constant ventilation air dry-buil temperature, °F, when L250,
Constant solar radiation, Btu/hr, ftz, when 1250, -
Constant ventilation air dew-point temperature, °F, when LZSO.
Outdoor air dry-bulb tewperature (time dependent), °F,
Ventilation air dry~buldb temperature (time dependent), °F,
Ventilation air dew-point temperature (time dependent), °F,

2

Ventilation air vate (time dependent), cfm,

ZNIN(N) :Number of 600 Btu/hr occupants {time dependent),

-

=15




ZNZN(N) :Number of 400 Btu/hr occupants (time dependenﬁ). {:K }
W

QN3N(N) :Number of 200 Btu/hr occupants (time~dependent).

BSS(N): Sensible heat due non-human heat source (time dependent), Btu/hr.

BLL(N): Latent heat due non-human heat source (time dependent), Btu/hr.

QX:

2

Heat flux on wall normal to longitudinal axis, Btu/hr £t<, .

Heat flux on wall normal to transverse axis, Btu/hr ft°,

Heat flux on ceiling surface, Btu/hr £t~.

2

2

Heat flux on floor surface, Btu/hr £t°.

Elapsed

time, hr.

Mean surface temperature, °F.

Average
Average
Average
Average
Shelter
Shelter

Elapsed

temperature of the surface normal to
temperature of the surface normal tu
surface temperature of ceiling, °F.
surface temperature of floor, °F.
air relative humidity, %.

air dry-bulb temperature, °F, .

time = TM, hr,

2

longitudinal axis, °F,

transverse axis, °F,



&
% C SIMPLIFIED SYMMETRIC SHELTER HEAT TRANSFER ANALYSIS ,T.KUSUCA 118510
. C RECTANGULAR PARALLELEPIPED  SHALLCW UNDERGROUND — 118510
P C S=TOTL SHELYFR WEAT TRANSFER SURFACE, SQyFT S 11851C
P © CFMsVENTILATICN AIR RATE ,HV=1.08 SENSIBLE ) ©118%10 !
i . GG =TOTAL HEAT GENERATED INSIDE THE SHELTER 118510 3
; C Wb =WORK CELL, IF wG=0,,CRCUND SURFACE=DEB(N),IF NONZERO,CALCULATE 118510 3
i C IF L1=0 TGO(K)=TGCC 118510
; € IF L2=0 DB(N)=DBO, TV(id)=TVD, GSUNIN)I=QSUND 118510
‘ € IF L3=0 PRINT TEMPERATURE AT EVERY TIME INTLRVAL 118510
: C IF L&=) REAC CFM FOR EACK TIME PERIOC 118518
i C IF LS5=) REAT IN1 FCR CACKF TIME PERIDC 1185182
; . C IF Lé=1 READ IN2 FOR EACH TIME PERIOD 118518
i € IF L7=1 REAC IN3 FOR EACH TIME PERIOD 118518
) c IF L8=1 READ BS ANC BL FOR EACH TIME PERIOC 118518
i CIMENSICN SYM{300),STi(300),5T2(30C),ST3130C),$T4({3C0)
: . CIMENSICN CPVI300),Y({30C),EB(2},EC(2},RHAL30C)
£ DIMENSICN T(20,20,40),TGO(40),08(300),TV{300),QSUN{300)
DIMENSICN TAA(300),V(300:,ON(3CC),ZNLN{3C0),2N2N{300)4ZNIN{30G)
CIMENSICN BSS(300),8LL(300)
: $C0 FCRMAT(72H 118518
¢ i ~ 1113518
. REAL 5C0 118518
PRINT 500 118513
: 2C1 FCRMAT(10F7,0) 118510
3 202 FCRNAT(1017) 118510
: 199 REAC 202,1X1,IX2,1Y1,1Y2,121,122,123 113510
REAC 201:CGoAGCToDXsDYDZosDTGoA9BC 118513
¢ REAC 201, CFM,HV, WG RUNyHW HR KFHE 118%13
¥ READ 201,T5W,TSR,TSF,T4,DPA . 118513
‘ REAC 201,2ZN142N24IN3,BS+8L,PB
: REAT 202,L1,L2+L3,NNyL&,y L5,L6,LT 118510
i REAC 201, CPT2
2 REAC 201,2ZLWsZLRyZLF
H IFILLl) 203,203,204 © 118510
‘ 203 REAC 201,7600 11851¢
CC 205 K=1,123 118510
205 TGO(K)=TGLO 118510
& GC TO 206 . 118510
; 204 REAC 2014(TGO(K),K=1,123) 118510
. 206 IF{L2) 247,207,208 118510
207 REAC 201,CR0yTVO,QSUND, CPVU 118510
CC 209 N=1,MN 118510
OB(N)=0BO 118510
TVIN)=TVC L8510
} DPVIN)=[PVC 11851
. 209 GSUNIN)=QSUNQ 118510
o GC TC 210 118510
. 208 IFIOPT2) 401,400,401
3 400 READ 402,(CBIN) N=L,NN), (TVIN) A=l NN) 5 (DPVIN) yN=1,NN) ¢ (GSUN(N) 4N =
114NN .
402 FCRNAT (BF9 )}
GC TQ 210
; 401 REAC 201,(CB{N)yN21,NN)
§ . REAC 201, (TVIN),N=sLyNN) 118518
b REAC 201, (CPVIN) ¢N=-1,NN) 1185
3 IF (WG) 61,61,60 11851R
1 60 REAC 201, (GSUNIN) ¢N=L1,NN) 118518
. 61 IF (L&) 63,63,62 119510
62 REAC 201, (ONIN),N=],NN) 118515
63 IF (L5) 65,6%,64 11esye

c-17




6% RCAL 201. (ZMLNIN)-N*hNN) 118518

TOTUES IR OGS 57.67.66 B Tt J N S € LT 1.

; 66 REAC 201, (ZNZN(N)-N‘I.'NN) 118518,

o "87"'!‘([’7)”69’.6'5.68 - T TUITITII T e e e 118518

. 8 REAC 201, (ZN3NIN), N=1,Nk) 118518

69 REAC 202, L® T ST T ' 118518

IF(L8)Y 210,210,70 118518

TO READ 207, (BSSIN),N=1,NN) o ' h 118518

REAC 201, (BLL(N):Nﬂl.NN) 118518

T 21000 T300TKEE, 173 o T - 118510

0C 300 J=1,1iv2 118510

D0 "300 T=1,Ix2 "~~~ T o T ’ 118510

211 IF(I-1X1) 2124210,.216 118510

TRIZIFCISIVIT ZI35ZI6, 218 © 0 e e e e 118510

213 IFUIZ1-K) 214,218,216 118510

T TRIETIFTRSIZZY T 2YSy ZIE, 216 T T T e e 118510

215 GO TO 300 118510

TTTRIETTIILIL.KISTGO{KY T - E R SV L3 0

3CO CGNYINUE - 118510°

"PRINT " 217,RUN - ST T e e TI8S5I0,

217 FORMAT(50H) SVPHEIR)CAL _SHELTER HEAT TRANSFER,RUN F3.0 1118510

TTTTTTTTRRINT T IR T - T TIE510
218 FCRMAT (65H0 - $ CFM TA HV Hu

. 1 HE e 2 T T T e IES10

SR=AsB 118513

- gFsSR - e . 3L T

Sk={A+Bje2 e(C 118513

SR M S R G T T T T e e e e TTTYTASYS
PRINT 219.5.CFH.TA,HV Huy HG
"6SU FCRFAT[100R0 W6 " TTTTTTHW T THR TR TIN
1 LR ZLF Cx oY D2 )
T TPRINY BSY T T e e et eV
651 FORMAT(10F10.3) »
PRIRY B5T, WG AW, HR, FF, ZTUW, LUK, Z0F, OX; UV, DZ

219 FORMAT(6F10.3) 118510-
T TPRINT 220 ) - 118%id
220 FORMAT(55H0 DB(N) TV(N) QSUNIN) }118%10
T TTTOC 2T T TTREYGNN T o T T e TTTTTINES TG
222 PRINT 221, OBIN)}TVI{N),QSUN(N) 118510
T ZZT FORNATTIFTIO. Y ) s 131231
READ 202,11,JJ,KK
CEND OF CATA | INPUT <o oo oo . R R p—
KX=[X2~1 118510
T RXXE IR ISl < e e e R eyt 111
Ky=lve-, 118510
KYY=IVI=T TTTITeSTO-
XIl=]123-1 118510
e RZIMIZLIST e m e e T1E%10
K12al12-1 ’ 118510
T T TEXSAGROY FIDXADKRY T T T e e A - TT8510
EY=AGeDT/{DYeDY) 118510
T TEIEAGEOTITOLE Y e e e T ITE%I0
H1=HWeDX/CG 118513
B P £ 1| L 1) £ ot e T T ITEST3
H3 «HReDZI/CG 118513
R HEWOTTOGT © e e e e e e e e TIEST3
HGU=HGeB2/CG 118510
T TTTRORT T S TERREYSELT TISSTO
RX=ROQ-2 ,eEX0N]
TTTTTT T RYSRO-2 JFEYNNY T R ST
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D R 1 R N5 a7 I 15, WY . VAN A

)

RIR+RO=~2.9EZ0HI

“RIFSRO=Z.PVETeRE T T T e - - e SRai
RG:I.-Z.OIEl)otx.OHBU)-CIGIDT 118510
S { 11/ T o T TI83%10
Qv END OF INITIALIZATICGN 118%10
PRINTY 223 T mmmmEmmmem mmmm e T T T TNeST0
223 FCRMAY(100KO RO /X RY RIR R2IF i18%10
1 H1 HZ AR & S ; 7 R A
PRINT 229,ROpRX;RY, RlR.RZF.Hl.NZ.H).N& ’
329 PRINT 228 ComTmmrm e
228 FCRMAT(105H [of AG RGU 0x oy 11891¢C
1 224 £T TER Ev - el C B B Y 11U
PRINT 229,CGsAGHGY D!.DY.DZ'CY.EX.EY.EZ
229 FCRMATI10F10.3) — 7 777 ™ ToTTm o TmTT T Tt 118510
234 FCR!AT(ZOFb.l) 118510
AX=IXL - _ e e - - P St
YY=]Y}
II=122-1121 i T oo
AA=CXwXX02,
BBsCY*YYa2, T T e e
CC=C2el2
CSX=AAe(C T T T mmmemamm s e e - - -
SY=88+(CC
SZR=AA®RB h T
SIF=SIR
612 FCRPAT( S50H1 eX TTQY T QIR T QZF TTTIM T T OTIIE%13
PRINT 612 . 118513
WA=W{OPA) ~ T T T T T e e e ) TIBSIY
: W {TSK) 118512
‘ WR=R{TSR) T T e e e TTTTTTTTTINSEAL
WF=W(TSF) 118513
c STARYT OF TIME ITERATION ) ) o ’f' A § ¥ 131
[]4] 07 N=]1,NN 118510
TTTTTTTUTRTILA) OS1,%Y%,%C7 7T T oTmeTTTT ST i1
50 CFM = ON(N]} 118518
S1 IF (L5) 53,%53,%2 ' '“;""”‘,*“‘*‘rﬂnu
52 IN1 = ZNININ) 11451
53 IF (L&) 5%5,55,54 TTTYTUSIS
54 IN2 = IN2NIN} 1188)8
T 85 IFILTY TI,T1,56 7 —~— T TTTT ) T TIESTE
56 IN3 = INININ) 116518
T1 IF(LE) ST,57,72 ‘ A & & 52 ¢
72 BS=BSS(IN) 118518
BL=BLLI(N} — ’ o Coonn T TTTTTTTYISS TS
57 Tr=TMeDT “lieslo
R 1 & 7 TN £1.102 €712 £ .1¢7 0 TTESTY
602 I26s1061, o (WA~NM}/{TA-TSH*0.000C1)/0.24) 11881)
e P INWTTWHT LN T e v et e
GG 10 403 118511
801 IlWe=0.’ ) T T ' :
803 [FinA-NR)IA04,804,805 ’ 118513
80F TIRATVSL. # 1WA Y/TTRA=TSRIU,TOCTCLT/ULZX) T - "“1!]5?3'
LIR=IIR/ILR
'GC TO 608 e e e e ey
604 2QlR=0.
06 IF{NA-NF)&07,8607,808 B 84 3%
408 11F=)061. OlHA-Hf)/(TA-YSFto 000C11£0.24) 118513
R & 4 1 7 4 £ .92 4 € R
GC 10 609 118%1)
BOT ZIFw(a o o o e e e e e e oot




0O 105 Ke2,KI
-+ Jht -k RSO

60 TSHxITShoSheTSReSRA4TSFuSF)I/{SneSR+SF) 118513
- Pw=T4A )
PR=TA
e PFeTA - . e m e .. Lo . - .
HXsHle{ 1. +2IN) 118513
HYsHZo{1.422ZN) 118513
Hi%=H3e(1.+1IR) 118513
HIFsH46{1.422F) 118513
QUU=QSUNIN) «D2 /(G 118510
QS=CGITA+INTIN2,IN3,1.)+8S
TALaTA¢Y.
CS1=CGITAL,ZNL1INZ,IN3, 1, J+BS
¥1=8S1-CS
Y2x{SeTAI-CSIaTR -
CLaCGUTAZINL IN2,EN3,0,)+8L
Wv=WiDPYVIN]Y i
RX=R0-2.#EXeHX
RY®R0~2.,EYaHY
RIR=RD-2.¢#E£29H2R
RIF=RO~2.#EZaHZF
TC2 IF(L33231,231,845
- B&5 IFIN-NN) 245,231,231 - T
é31 PRINT 232 118511
232 FORMAT(SOH1 EARTH YEMPERATURE ON I-X PLANE AT J=i} TEIEs1l
DC 235 K=}],113 118511
235 PRINT 234,(T1I, 14K),I=1,1X2) TR
PRINT 236 118511
235 FORRAT{SOHY ~ EARTH TEMPERATURE ON "~ "2-X PLANE AT J=j/ TYTE8ST)
00 237 KX=1,123 118511
23T PRINT 234, (TIToJJeK),In1,IX2) ~ B o TSI
PRINT 228 118511
238 FORMAT{SOHY EARTH TEMPERATURE CN I~Y PLANE AT Is]} 28V 138
00 239 K=l,123 1igsii
T TIT PRINT T2ZISVIT L4 J KT =Y, MY2Y 7 T T ’ ) T ‘TL8%1)
PRINT 240 118411
240 FORFATISOW] EARTH TEMPERATURE CN 1-Y PLANE AT I=II 111894t
00 241 Ke}l, 123 1iesly
ZRT PRINT 234, (VUIT,J.K}, J=1, TYZ) 116511
PRINT 242 118511
TIRTFORWATISONY EARTH TEMPERATURE TN X<¥ FLANE AT TRERR 7T 77 T)1IY8RiL
DC 243 Jalelv¥2 118%11
243 PRINT 234,tT11,J,KK),1=],1K2® TrIesll
€ EARTH TEMPIRATURE BOUNDARIES 118811
TR T 153 1ol IXZ 11851
oe 113 Jaj,lY2 _ 1issil
T T UTF{wGY 101,101,102 0 0 T T T A § § 1.3 ) |
ICE Tlledy1)=DBIN) 118511
GO 10 1C) o “T1ES1
162 16 = C.
8C2 YUY, do 112, B2l Ti 1, Jd,2)eHGUONBIN)+QULIeDTCIDTeTIT I, 1VRG -
IfF L1G-CF) 803,183,103
— -~ 80T TCaTCeOTT T } C e . - —— et
GO YO 802
TI0Y YIS, IBISTRULILYY B ’ T B § ¥ 13 § ]
YOO 1 )=V IX2,1Y2,1) :
- UNDISTYURBED EARTH TEMPERATURE T
ne 104 Fed ki 18311
B L9 14 T S RNS LR R LI L O SRR (A I SRR DRSS+ 1] ST UG P> 1Y 17 4 I § ¥ |1 § ]

R $3 1181




L 105 T (IX2,J,XK)i=TGO(K) 118518
: ( TTUTTTTUDU YOS Ks2,KL 0 T Tt e e e e .
_ DO 106 Isi,1Y2 _ e
TTTTIOE YL, TY2,K T =TGO(K) o ! ' ’ CoTT
oC 900 Ke2,v? ‘ 118511
TTUTTT DB Q00 J=),KY ‘ T T 118511
00 900 Iw],KX , 118511
TP2eT{I+1,J,K) T T o oTTmr e T 118811
PaxT(1,Je1,K) _ ) ) B § Y. 30
PS=TTT1V,J3K=-1) o B ' ‘ o 118511
Po6xT(1,44Ke1) o ) 118511
° T IRLIeL) 1,1,2 a ‘ 118511
1 Pl=p L _ 118511
— T . e i, 118511
2 PleT{I~1,J,K) o I § ¥ 11}
. - ITYFLJ=1T 9,43~ TTUTTT o TrrrmTmmTm T mn o m o mmenmmmmm 118%11
4 P3Ixps . 118511
60 T0 & R C ; oo ’ 118511
5 P3xT(I,J=~1,K) 118511
T OEPOATIT, UK I T . - ’ B ’ 118511
C° END CF PREPARATICOMN 118511
IS 12 0 €2 0 4 0 HEE 25 1 25 U A R ¥ T3 ¥ |
7 IF(J=1Y1l) 8,11,11 118511
8 IECIZI-K) 9,11,11 ' s - 118511
9 IFIK-122)10411,11 148511
10 6C 70 900 ) - ‘ o oo 118511
11 [F(K=-121)800,12,19 o 118511
TUTTIZOTFLT-IXTE 13,158,800 00 ‘ Tt oo mmer e 118541
13 IF(J~IY]1) 14,188,800 118511
L4 POSEXO{PLPZICEYR(PI+Po)+2, oL {PS+H2ZAePR) +PD*RIR 11851°
63 Y0 900 , i1851°
IS IFtJ=-IYL) 16,174,300 o T 118511
16 PO=(EX/3.)e{2,0PLe4, eP2J+EYR(PIePAI+IEL/3.)0(4.0P542.0P5)¢+PCeRC 113511
TTTTTTTROOYO 960 T 118511
17 PO=(EX/T.)el6., -P:os.-ra)*(&v/? 12 {6.0P348,0P4)4(EL/T. )3 (8. 9PS+6. 6P 28511
T 147+PQeR0 1:8511
GQ 10 900 118511
TU(B POSEXe{Pl4P2)TEY /3. )0{ 2, 0P344 aPA YL/ ) (4 OPRTI 06 POOR0 T 11BS LI
G0 YO 300 A 118511
T YETUTZSKY 800,206,707 T T T v s T s e e o i
20 IF(I-IX1) 24,21, 80O 118511
21 IF{J-1V1) 22,23, BCO T T T e e 118811
22 POEY®(PI¢P4)+EZO(P5+P6)+2.0EXW(P2+HX ¢PNI+POORX 118513
TGO YO 9C0 S S V-1 ¥ ¥ 1
23 PO={EX/).)0(2.0P1 ¢4, eP2)¢(EV/3,)012.0P3+4.2P4 1 +EZe({PS¢PA)+PORRD  L18S1E
TR0 118511
24 1F(J-1Y1)900,2%, 800 118511
TS TPOCEXA TFIAPZFRELVIPSEPE] 41.‘51"5'- TPRFRY SPUIIPOSRY 77T T L8513
GO0 10 900 118511
T8 IELT-IXTY 27.30,800 0 0 T " 118511
2T 1Ftd-1Y1) 28,29,800 118511
T PG ENS P TP I R EYR VPN PR T R L  TPETHY RS PE ) SO0 RYE R TN
: G0 TO 00 : 11851}
2 PO e PP IV UEY T Y U e s AP Y s LRI 73, Vol T APPSR apaT e PSR Tissn -
6C Y0 900 L 118511 :
TIOCIALI-TYYY 31,32,800 0 o T e T 118811
31 PO=(EX/3. )0(2.'910#.092)0EV0(93¢’§)*(E113 ltlZ.QPSOQ.096)0P0¢RO 110511
s YIETL
. 32 PO=(EX/T.)016, -Pl*G.GPZ)viEYII.i'(6.0P30a.004)’lElll.)-!l."&*b.OPlliﬁll
: TR PO KT “YTESLY
Cagl




ERT— T |

GC T1C 900 118511
800 PCaEXtPL+PZ)+EYRlPIPLI+ELZa{PS+PH)ePOeRO R § ¥ L £ (jﬁ
9C0 Til.,J.K)=PO - _ ; "
910 17s0. o Ty o TS T T T U IES T
IN=C. 11851
pC 911 K=T21,122 . T e § S 1 1
cc 911 Jel, iyl . 11851
IT=2TeT{IX1+d4K) ST : 11851
9311 IN=IN+]l. 11851
TSX=2T/IN T ' 11851
2T=0. 11851
IN=Q. 11851 »
bC 912 K=121,122 11851
oC 91277 1sT, X1 T 11851
LTaZT+T{1,1Y1,K) 11851
T2 IRSINFTL, T oo T 11851 .
TSY=IYT/2N R 11851
T IN=Q. o ’ o T " 11851
2T=0. . 11851
oC 913" I=l,IX1 o ) o I $ 111 8
o0 913 J=],1vl 11851
T ITATITETII S, 12y T T T o T o 11851
913 IN=IN+]. 11851
TSIR=IT/IN i 11es51
IN=0, 11851
T I¥=0. ) S 8§71
B0 914 I=]1,IX1 11851
TTTTTTTTROTT 9T J=1,1YE ) T e Too11851
IT=LT+T(1,3,122) ~ 11851
THIE T INSINGL. T - o T T UTTIRSY
TS2E=2T/IN 11851
T T RXERWe U L4 ZZR) o (PWSTSHG T T Tt T e 118513
QYsHWe (1. +I2W) o (PY-~-TSY) 118513«
T IREBRE T R ZIRTETPR-TSIRTY - T 118513 .
GIFsHF e {1, ¢11F)n{PF-TS2F) 110513 i :
""""" TYSNS TS RISRETIYRSYY 2 (S ¢ T T o 118513 : S
TSF= 'SZF 118513
I 5113 57 4. S e ¥ Y 11k Y
TSM={TS5naSNeTSReSReTSFeSF)/{SHeSReSF) 118513
Y ARl O PN TVIR T Y24 HU e TS Wa SW o HR e TS Re SREHF o YSFeSF 71 L OBSTER<V1I ¢ L (B P
INKeSH+HROSR+HFeSF) 118513
QU=CG(TA,ZNT, INZ,INT, DY4BL S A § £ PR &b
WHsN{TSH) 118513
WF=W{TSF) 118513
TUTTTTTTHWERWS LT T Tt T R
HRsKHR/ZLR v
HF2KESILF - ’ ST e e
WA{4TB0. . oCFMaMVeQLA L1061 . ) sinNoSHeHW¢NRRSROHR INTaSFaHF ) /0. 24317411851
1780 2CFMe {1061, e SWotIdSReRRESFORF) /L. 243Y 77777777 77T L aS R
HusHNe 2L N . _
= REHREILR U g U
HEuHERILF _
WS (TSH} . s S o e . eI
IF(MA-NS) 610,610,611 118513
"G10 WA={ATBO . «CFNalVeQL) JILTHOSTFNY ™ 777 n TTYIBSTR
611 PSA = RAWPB/IMAD.622) . 118513
C T TRHETNTSIDU L S PSKZGURTTAY
613 FORNAT{SF10.2) 1185134
T PRINTRLY U, QY QG UTF TR ; AR $ ¥ 114 (¥




© STIMNI=TSIR

907
950

951
954

901

STH{N}=TSH
STLIN}=TSX
ST2{N)=TSY

STA(N)=TSZF
V(N)=TH
YIN)=TM S o
TAA(N)=TA : -
PRINT 950 _ : ‘
FCRPAT(100¢:1 ™ sTH 30 $12 $T3

$T4 RHA T _ !
DC 951  N=1,nN
PRINT  956,Y(K1,STMINI,STLIN) sSTZ(NDsSTIINI,STAIN) JRHAIN] , TAALN)
FORVAT(8F10.2) T
EB(1)s0.°
£612)2500.
€C(1)=100.
EC(2)s40,
CALL PLOTU3,NN,Y,STR NN,V ,TAA,2,E8,EC)
CONTINUE ’ ) " 1185121
CALL SYSTEN ussia
6C 10 199 R, § T 1 T ¥
END




Al:

WC1:
WwC2:
1G¢:
IG(1,d}:
TCé(M):
TC(L,M):
5(X;:
pD(K) :
DG(K):
D{K):
2L(K):
AG(K) :

AC(X) :

Program M-4 Input and Output Symbols

Total number of time iterations.

Number of ventilation air inlets where temperatures were observed,
Number of shelter air tempersature stations.

Total number of shelter inner surface temperature stations,

If =0, Ft, Belvoir 1000~-man shelter analysis, .
I1f >0, Ft, Belvoir éoo-mnn shelter analysis,

If €0, constant earth temperature, TG#, is read in.

If >0, six directional earth temperature profiles, TG{I M),
will be read in,

If >0, air conditicning calculations are included,

If 50, cfm varies with time,

If 20, number of occupants varies with time,

Constaut initial earth temperature, °F,

Six directional initial earth temperature profiles, °F.

Initial inner wvall temperatures, °F,

Inftial temperature profile within the shelter inner walls, °F,
Shejter ipner surface area, ftz.

Finite difference length for lnner wall, ft,

Finite differenze leagth for earth rsgion, ft,

Thickness of the inner wall, ft,

Thicknesas of the earth block, ft.

Thermsl diffusivity of earth, fr2/nr.

Thermal diffusivity of inner wall, ftz/hr.

C=24




CK(K): Thermal conductivitf of inner wall, Btu/hr ft, °F,

CG(K): Thermel éanductivity}of 2arth block, Btu/hr, ft, °F.

H(K): Heat transfer coefficient of the imner surface, Btu/hr, ftz, “F.

HD(K): Vapor tr;nsfervcoéféicientrcf tﬁe'iﬁner surface, 1b/hr, ft2 (1b/1b).

DT Finite~dif£grence time for immer wall temperature calculation, hr.

DTT: Finite différence times for earth temperature calculation, hr.

Gs: Per capita sensible heat generation from non~human heat source,
Btu/hr, person.

GL: Per capita latent heat generation ¥rom non-human heat source,

Btu/hr, person.

GA: Recirculation air rate for conditioning, cu ft/min.
FR: Coll effectiveness of the air conditioner (dimensionless),
CF: Coil contact factor of the air conditioner (dimensionless).

DATT: Coil leaving air temperature rise due to fan heat, °F.

TWl: Entering temperature of the coolant to the air conditioner
coil, °F,

XDB(N) : Outdoor air dry-bulb temperature, °F,

TV(N): Ventilation air dry-bulb temperature, °F,

DPV(N): Ventilation air dew-point temperature, °F,

EG{K): Finite difference stability modulus for earth temperature
calculation, which should not exceed 0,5,

E(K): Finite “ifference stability modulus for shelter inner-wall
tempuorature calculation, which should not exceed 0.5.

EC(KX): E(X).

T™: Elapsed time (hr).
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~VS: Sensible hazat carried cut by ventilation air, Btu/hr.

QvL: Lateut heat carried cut by ventiiation alr, Btu/hr.
0GS: Sensible heat generated in the shelter, Rtu/hr,
QCL: Laterit heat geverated in the shelter,

QWST: Sensible heat 2bsorbed % shelter surface, Btu/hr,

<

QWL Latent heat absorbed by shelter surfsce, Btu/hr,
TWCT: Condensate collected in the sheiter, 1lb/hr, d
AL 3ensible heat absorbed by the air conditicner, Rtu/hr.

a4l Latent heat abscrbed by the air conditiomer, Btu/hr,

TA: Shelter air drv-bulb temperature, °F,
DPA; Shelter air dew~-point temperature, °F,
2
§
: WBA: Shelter air wet-bulb temperature, °F,

RHA: Shelter air relative humddity, %,
EFS1:  Shelter air effective temy: sature, °F,

TSM: Average shelter inner surface temperature, °F,

QWS{K): Sensible heat transferred to the Kith surface, Btu/hr.

QWL(K): Latent heat transferred to the Kth surface, Btu/hr,
TWC(K}: Condensate collected onto the Kth surface, 1b/hr,
FLX(K): Heat flux of the Kth surface, Btu/hr, ft,

TS(K): Avarage temperature of the Kth surfac., °F.
TC(L,K):Temperature distribution in the Kth inner wall, "F.
TG(I,K):Temperature distribution in the Kth block of the earth.
TIME(N):Elapsed time for the observed date, hr,

CFM(N): Ventilevion air rate used in the experiment (time dependent), cfm, i

ZN(N): Number of occupants used in the experiments (time dependent),
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X1
X2:
DS:
WBS:

£TS1:

= DBV(N) - Observed ventilation air dry-bulb temperature, °F.

= WRV(N) - Observed ventilation air wet-bulb temperature, °F,

Observed shelter dry-bulb tenp -rature,

Observed shelter wet-bulb terperature.

Sheiter effective temperature based upon DBS and WBS.

Subscripts:

MwK = Type of wall exposure.

1. North wsll
2. South wall
3. East wall
4, West wall
5. Floor
6. Roof
N = Time
L = Spatial matrix index for inner wall'

I = Spatial watrix index for earth region

Subroutines:

{1) TREP:

This subroutine is designed to accept observed data of

prototype shelter arnd yield the paychrometrically processed mean

shelter conditions in terms of cemperature, humidity and heat flux,

Following are the input data apecific to this subroutine,

KWS:
NWS:
XWS(I):

KHA:

The first temperature entry for XWS table,

The total number of temperature entries for XWS table,

Saturated air humidity ratio table of Goff and Gratch, 1b/1b,

The first temperature entxy for XHA table,
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NHA:

XHA{I):
KHS:
NHS:
XHS({D):
KFS:
NFS:

XFS(I):

Kva:
NVA:
XVA(T):
KYS:
NVS:
Xvs(I):
KGS:
NQS:
XQs(I):

EDB(I):

EWB(I):

The total number of temperature entries for XHA table,
Dry air enthalpy table of Goff amd Gratch, Btu/lb, (“j
The first temperature entry for moisture XHS table, °F.

The total number of temperature entries for XHS table,

Moistée saturated air enthalpy table of Goff and Gratch, Btu/lb,
The fi:st temperature entry for the XFS table,

The total number of temperature entries for XFS tsable, .
Factors relating the degree of saturation to the relative
humidity.

The first tewperature entry for the XHW table.

The total number of temperature entries for XHW table,

Liquid water entualpy table of Goff and Gratch, Btu/lb,

The first temperature entry for the XVA table,

The total number of temperature entries for XVA table,

Dry air vclume table of Goff and Gratch, cu ft/lb,

The first temperature entry for the XVS8 table,

The tetal number of temperature entries for XVS table,

Moisture saturated air volume table of Goff and Graich, cu £t/lb,
The first temperaturs entry for the XQS table.

The total number of temperature entries for XQS table,

Per capita sepsible heat table of human body, !tu/hr,

Dry~bulb temperature entries to ASHRAE effect’ve temperature
table, °F,

Wet-bulb temperature entries to ASHRAE effe .tive temperature

table, °F.




(2) STIRCON: Subroutine to compute adiabatic shelter air conditions by
accepting ventilation alr dry- and wet-bulb temperatures and ventilation
air flow rate,

(3) AIRC¢N: Subroutine to compute sensible and latent heat absorption

by accepting the following input data,

GA: Racirculgtion air rate, cfm,

CFM: Ventilation air rate, cfm,

DBS; Shelter air dry-bulb temperature, °F,

WBS: Shelter air wet-bulb temperature, °F,

DBV: Ventilation air dry-bulb temperature, °F,

WBV: Yentilation air wet-bulb temperature, °F,

TW1: Inlet temperature of the air conditiomer coolant, °F,

E: Effectiveness of the air cooling coil.

CF: Contact factor of the air cooling coil.

DTA: Dry-bulb temperature rise of the air conditiomer o?tlet air

due to the fan heat, °F.
(4) F¥N: Boundary temperature calculation subroutine by a finite
difference formula,
(5) EFII: Subroutine for computing effective temperature by using the
input data of dry- and wet-bulb temperatures,
(6) DBWBH: Subroutfne for computing enthalpy of woist air using dry-
and wet-bulb temperatures.
(7) DBWBRH: Subroutime for calculating relative humidity for given

dry- and wet-bulb temperatures and bsrometric pressure, PB (in. Hg).
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{8) DBWWBH: Subroutine to calculate wet-brlb temperatures and enthalpy
of moist air based upon given values of the dry-buldb temperature and
humidity ratio,

(9) PV: Subroutine for calculating the vapor pressure in inches of Hg
of saturated moist alr at given temperatures,

(10) DBWBDP: Subroutine for calculating the dew-point temperature and
humidity ratio of moist air for given dry~ and wet-bulb temperatures,
(11) DBWPWB: Subroutine for calculating the wet-bulb temperature <nd
humidity ratio when dry-bulb temperatures and dew-point temperatures
are gilven,

(12) TIBLU: Table look-up and linear interpolaiior subroutine when

the independent variable is incremented by unity,

(13) XTBLU: Table look-up and linear interpretation swbroutine when

the incrementation of the independent variable is non-unity.
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ONE DIMENS TONAL SHELTER 11851003
SUBROUTINE TO BE USED IN THC PROGRAM 11851004
PREPI(DY 4 I1 ¢ JUo KK o XKWC o NN} 11851403
STRCON{(UByMB+G) ADIABATIC SHELTER AIR CONDITION CALCULATION
AIRCON(GA,CFM,DBS,WBSDBV . WBV,TWIE4CFy QAS.QAL,DTA} 11851402
FUNCTION FN

EFYL(DB W3 ,EFX}

OBWBH{DB y 5By H) GIVEN 0B ANDO W8 ,COMPUTE H 11851012
OBWBRH{DB W8, PBsRH) GIVEN 0B,WB+PB ,COMPUTE RH 11851014
DBWWBHIDB yW - WB o H} GIVEN DB AND W ,COMPUTE W8 AND H 11851011
FUNCTION PV(X,PB) CALCULATE VAPOR JRESSURE FOR GIVEN DB AND PBL1851013
OBHBOP (DB ,WB, P v i) GIVEN DB AND N8B ,COMPUTE DP AND ¥ 11351010
0BOPWB{DB,DP,WB, W) GIVEN D8 AND DP, COMPUTE W8 11851013
TBLU (XeKXy¥,Y) KX=FIRST VARIABLE 11851015
VaTABLE 11851016
Y=VALUE FOR X 11851017
XTBLUIX DXsKXyLXsVsY)y DX=VARIABLE INCREMENT 11851005
KXsFIRST VARIABLE 11851006
LX=NUMBEROF ENTRIES 11851007
vV =TABLE 11851008
Y =YALUE OBTAINED FOR X 11851009
1=NORTH, 2= SOUTH, 3=EAST ,4=WEST:5=FLOOR, 6=RO0F s J=ROOF MATRIX 11851008

AI=0 - NO AJR CONDIVIGING, +=AJR CONDITIONING
NC=0~, CONSTANT TGO ,+=PROFILE 11851M}12
IT =NUMBER OF VENTILATION TENP. DATA 11851004
JJ =NUMBER OF SHELTER TEMP. DATA . ’ 11851005
KK =NUMBER Of wWAlL TEMP. DATA 11851006
KWC =+ 200MAN INPUT L0~ =1000 MAN INPUT . 11851007

wCl=~ OR O CFM VARIES
WC2=~ GR 0 IN VARIES
IT= FIRST ESTIMATE OF CONCREYE TIME
DTT= EARTH TINME
~_ DIMENSICN XWSU1S0)2XHA{150) 4 XHS{L5C) + XHHILSC o XFS5(150),XVAIL150)yXVL1851H04
LS4150),QS5150) . CFM{300)2M1200),
ZDBV{I00 ), NPV(IOC) (MBVI30D) , 08C{3,300) ,WBCI2,300),PS5{10,300),
3TVI300) OPCE300,LA0300,10),48{300,10),X08(300),E08(100},EWBL100),
SET(S0,50), THCIO) dECLE) LEGIO]TS5{6),T55(6)
5 v TGULO6),TCES48)95(6),006),D0(61,2L16),0G(6),AG(6).AC(6311851004
6,CK{B)yCOI6E) yHIS) HOIG, QUS{H) ,GWLEG) o TQWS{SE) , TONL L), TQW(6)11851005
Te DX(6Y CSUB)QWIO)FLRLO)yE(S) JASTIHILESISHY),TCOLE) J4TIMELIION)

COMMON XWS ¢ XHA 4 XHS 9 XHW o XFS o KRS, KHA JKFS o KHMs KHS, EDBLENBLET, KETSN1L1B51M09
LEToQSyCOL+CO02 U0 TWH oGS oGLoZLENS yCFM,DOPS,DBS o WBS,ETSI,ETS24MCC,C33,11851M10
2WCD ¢ DPAJINYQGoQGL y DBV 0PV, OBL 4OPC,WBL, SeTALDT KNC,NN,XVA,

IXVS s XVAWKVE,PS LA,LB,XDB, NOV, WC1,WC2 OTT

77 FORMAT{1HO10F10.1)

1 FORMAT(10F7.0} ’ TTLII851009

2 FORMAT(10IT) 11851010
12 FORMAT{4341 UNDERGROUND FALLOUT SHELTER DAYA ) 11851057
13 FORMATI43HO INITIAL EARTH TEMPERATURES 7 11851058
14 FORMAT(43H0 INIYIAL CONCRETE WALL TEMPERATURE ) 11851059
15 FORMAT(43H1  TYIME VARIABLES ] 11851060
16 FOTNAYC43K0 DBIN) TVIN) OPVIN)  QSUN{N! ) 11851061
17 FORMAT{4F10.1) 11851062
18 FORMAT(63H TGIL) T6(2) TG(3) TG4} YTG(%) 1611851063
1{8) 111851064

19 FORMAT(63H TCEL) YCt2) TCL3) TCU4) (51 TC11851068
BT T _ 11185106¢
20 vORMAT(6+10.1) 11851067
124 FORMAT(43H1 PHYSICAL DATA USED FOR COMPUTATION ) 11851081}
£25 FORMAT(110HOS(K) pix) i) CKEK) ceix) AC(X11851082
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1) AG(K) HEK) HO{K )
126 FORMATI10F10.4)
64 FORMAT{16HO QWS{M) 6F15.1)
45 FORMAT{16HO QWL(M) 6F15.1)
b FORMAT(16HO TWC (M) 6F15.1)
67 FORMAT(16HO FLX{M) 6F15.1)
68 FORMAT(16HO TS{M) -6F15.1)
69 FORMAT{14H CONC.TEMP. 111, &F15.1}
T4 FORMAT(14H EARTH YEMP 111, &F15.1)
63 FORMAT{]20H~- EXPOSURES 1
1 3 & 5
203 FORMAT({100HO EGILL)
i EG(4) EGLS)
205 FORMAT(100HO EC(1)
1 EC(4) 2C(5) €Cie)
T204 FORMAT(10H 6F15.3)
210 FORMAT(SOMHO oBY DPV %8y
75 FORMAT(10F10.2)
76 FORMAT{ 60HO o8S PSS W8S
2 TS
7100 FORMAT(10H- )
T2 FORMAT(10F10.0)
211 FORMAT(3F15.1)
158 FORMAT{SOH- OBSERVED  SHELTER  CONDITION
159 FORMAT{S50H- CALCULAYED SHELTER  CONDITION
5000 FORMAT(72H! .
1
TTUET TFORMAT( 100ML “TINE Qvs QvL
2 Qwst QwLY THCT QAS QAL
FORMAT(S0H]1  ADIABATIC SHELTER RESULTS
FORMAT { 90HO TIME CFM IN

1 08S W8S EET
7001 FORMAT{10F10,1)
“B999 FORMAT(iOF12.2)

READ 5000

PRINT 5000

READ 24NN
READ 2401 ¢JJyKKoKNC

TSI TREAD 1, WL T AL LSWCEaNC2

PRINT 158
TTIRING) 3,3,4
3 READ 1,760
0a 5 H=l,5
00 5  I=1,10 N
SIGTT Wy=Yo0 — 7 777
GO T0 7 _
T ADO 1000 Msl,S
1000 READI (TG I, M), In1,10)
T READLL(TENIMY M [, 6)
DQ 8 L=1,5
DO WL T T
& TCL MI=TCGIN)
TR READ 1, TS(RY K=l 8)
READ 1,(0DUIK) Kvl,6)
LT READ L, (DB TR yKul,6)
READ 1,(D(K) Kul,6)

TTTTTTRERD T TIETR LG, T T

READ 1y (AG(K) ,K=],6)
T READ 1, (ACTE) (K1, 6)

C-32

EC(2)

CFM

RHS
}

QGS

D8V

EY

Q6L

Wav

111851083
11851084
11851206
11851207
11651208
11851209
11851210
11851211
11851212

)

EG(31}

}
}
11i1851M450

i1as1202

}11851M53
111851455

-

11E51M33

11851013
11851M25
11851015
11851016
11851017
11851K38
11851M36
11851M37
11851M39
11851M40

LE1851Ha)
11851043
11851044
11851045
11851048
118%1047
11851048
11851049

o

S N YIS




9

5006
500%

21

~

5015

127
26

26

‘8ol

802

59
58
42

93
91

READ 1, (CKR{K);K=]l,8)
READ 1, {CG(K) Kalyb)

READ 1, (RIK} K=1,6)

READ 1, (HD{K) K=1,6)
PB=29.97

READ 1,07,DTT,GS,6L
COl=1.08&

C02=4.5

C03=1050.

Uo=0.

Tw=7C.

ZLENS=1.,

wWCC=~1.0

WCD=-1.0

CALL PREP

TIME(1) =0,

DO 9 N=1,NN
TVIN)I=DBVIN)
TIME(N)aTIME(N=-1)+DTT
JFLAT) 5005,5005,5006

READ 1y GALER,CFsDATT THL

CONTINUE
PRINT 12
PRINT 13
PRINT 18
DO 21 1=1,10

PRINT 20, (TG([sM} o M=1,5)

PRINT 14
FRINT 19
00 22 L=1,%

PRINT 20, {(TCUL,M)4F=],46)

PRINTY 18
PRINT 16
00 5015 N=l,NN

PRINT 20XDBIN) 4TV{N),OPV(N)

PRINT124
PRINTL2S
DO12T K=l,6

PRINTI26+S(K) oG IRK) o 2L i) o CRIRIZCOIK) 1 ACTK) y & GIK ) o HIK ) o HO(K)

DO 28 K=1l,6
DX(K1}=DD{X)
AS{KIaAC (K]
CS{a)=CK(K)
DST=DY

DO 801 K=1,6

T E(K)SAC(K) DY/ IDDIKY0DD(K)}

DO 802 K=1,5

EGIK)=AG(K)eDTT/(DGIXKI*DG{X})

ECMAX=E (1)
JK=1l
00 58 K=2,6

TFLE{K) ~ECMAX) 58,58.59

ECHAXSE (K)
JK=¥
CONTYINUE

IFLECMAX-0.5) 91,9}1,92
DST=0.4eD0(IKY0DEIK) /AL IKY

DG 93 K=1,&

EIN}=AL {K)*DSY/{DD(K)ISDDIK))

CONTINUE

11851050
11851081
11851052
11851053

11851M15

11385im31

11851068
118510569
11851070
11851071

11351073
11851074
11851075
118510706
11851077
11851078

11851085
11851084
11851087

11851097
11851100

11851101
11851102

11851176

11851184
11851M16

11651iM17 :
11851K18 g

113851M20
11851M21
11851822
11951823
11851M24

11851126




"PRINT 203

201
202

53

30

6994

6995
3008,
50CT

5009

PRINT 204, (EGIK)¢K=1,+5)
PRINT 205

PRINT 204, (ELK) yK=146)
TM=0.

00 202 K=146
TSS(K)=TC(2,K)
TSIK)=TCLi,X)

00 800 N=1,NN
TM=TM4DTT

X1=DBV{N)

X2=WBVIN)

G=CFMIN)

I2rsDPVIN)
PSV=PVIZIP,PB]
WV=0.622#PSV/(PB=P5V)

DTM=0.

DTM=DTM+DSY

iR=1

DTA=1.0

TA1=TA-20.

QV5=1.08¢G= (TAL-TVIN})

CALL XTBLU(TALyS.60+9,Q5,QGP)
QGS={QGP+GS I eZNIN)
IF(KTEST16995,6995:699%4
CONTINUE

PRINT 8939,QGP,0QGS

CONTINUE

CALL DBOPWB(TAL,DPANBA,WT)
IE{Al} S00T,5007,5008

CALL AIRCON(GA.G.TAl.HQ}Q§!,X2.TH1nER,CF.QAS'QAL,DTAA)V
G07T0 5009 '

GAS=0.
QAL=0.
CONTINQE

QWST=0.
Do 31 K=146
GHSIK] =H(K1#S{K)#(TAL-TSIK]})

e QHST= QWST +QHSIK)

(2 i32636).1IR
r al

30
X*QGS-QVS-UWST-QAS

o

=

11851105

11851107

11851108
11851111
1185%1:0°2

11851112

11851114
11851115
11851116
11851117



34

35
35

37

5011
5010

5012

39

49
41

42

IF(ZX) 34435,33
TA1=TAl1+DTA
IXZaABSFLZX)

G0 T0 30
TA2=TAL-DTA
IX1=ABSF{IX)
TA'(TAIOZKZOTAZOlXI)l(ZXllez,
IR=2

TAL=TA

GO TO 30

TA= TAiL
DOPA=0.2
DPAl1=DPA~10.
IR=1
PSA=PVIDPAL,PB)

WA=0,622*PSA/(FB-PSA)

QYL=4T780.0Ge (UA—-KY)

CALL DBOPWR{TA,DPAL,WBAWT)

iIF{AT) 5010,5010.5011

CALL AIRCONIGALGH»TA .HBAvchXZoTﬂloERyCF,Q&S.QAL,DTAA)
GO 10 5012

QAS=0.

QAL=0.

CONTINUE

QWLT=0.

TWl7=0.

DO 4z K=1,46
PSWePY(T3{K),PB]
WS=C.6228PSH/ (PB=~PSH)
IP=WA- WS

IF(ZP) 39:39,40

CHLIK)=0.

GO 70O 41

QWL (K1Y= 1051. 2HD(K)eS(Kie2P ,
QWL T=QWL T+QWL (K)
TWC(K)=QWL(K} /1061,
THCT=THCT+THC (K)

CALL XTBLU(TA;5.2:60,9,Q5,QGP)
QGL= (400.~QGP+GL) #IN(N)

GO TO (43,473 ,1IR
ZY=0QGL-0OVL~-CWLT-QAL
IF(2Y) 45, L6444
GPAL=DPAT+DOPA
2¥2=A05F{2Y)

6o 19 3t

5p22=0P AL-DOPA
I¥1=ABSFLY)

DPA=(DPALOZY24DPAZSZYLI/(ZY14IY 2!
n=2

DraL=DP A
G 19 07

C-33

11851120
11851121
11851122
11651123
11851124
11851125
11851126
11851127
11851128
11851129
11851139
11851131

11851133

11851135
11851136

11851137
116511328
1185113%

11851141
11851142
11851143
11851144
11851145
118511406
11851147
11851148
11851149

11851151

11851153
11851154
11851155
11851156
11851157
11851155
11851159
11851160
113831161
11855162
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49
50

6984

6985
Si

52

8002

54

55

56
57
60

B0C1L

il
70

1e

wB=wWBA
CALL EFTL(DB wH EFS])

D3 50 K=]l.6 11851168
FLXIK)= (QWS (K} +QWL K} ) /SiK) 11851167
ES{K)I=AS{K)=#DST/(OX{K)SDX{K)})

TSUK)=2 . 0ESIK)®{FLX(K)I@DXIK)/CST{K)+TSSIKISTS{KIn{0. 502 /ES{K)~1 0]}

TC(1.,K)aTSIK) 11851172
CONTINUE 11851173
IFIKTEST) 6985,6985,6984

CONTINUE

PRINT 8999,({VS(K) K21,y

CONTINUE

00 52 L=2+4

00 52 K=1,6

TOILK)SE(K) 2 ATO L -1, KI+TCIL#L,K)+ {1 /EIK)=-2.)0TCHL X)) 11851178
DO 8002 K=1,6

TEUKI=TCL24K)

IFIDTA-0TT) 53,54,54 11851179
oG 5% Kx1,5 11851180
TGUL oK =FNICKIK) 200K (TC{AoK}»TGI2eK) e DOIK)$DGIKY,0.) 18siisel
TCUS5,K}=TG {1 ,X} 11851182
TGl1+6)=TC{4,6) 11851445
TCUS,6)=TG{),6) 1185iM47
PO 57 I=2,9

DG ST K=1,5

TG sK ) =EGIK) (TG II-1,X)eTGIL o) Ki®i1./EGIKI-2.)01G{,K)} 11851186
PRINT &1 11851198
TSm=Q,

DU 8301 K=l,6
TSMa TS TS HK)

FSA=TSM/6.

PRINT 62 s TR VS, UVL 2 QOSs QoL L ONSTONLT,TW{T QAS,QAL

PRINTY 159

PRINT 78

PRINT 75,TAsDPA,WBA,RHA,EFS], ISN 1185143
FRINT £1 13851203
PRINT 54, {QW5IK) ,Kal,8) 11851213
PRINT &5%,(0uL{X) Kxl,5} 11851214
PRINY 66,1 THL (K} 4K=1,01) 1185121
PRINT 67, 1FLXIK) yK=]40) 11851218
PRINT 68,ETSIK] yK=2],6) Li851211?
FRINT 7100

DO 10 L=2,5 11881219
PRINT 69, L, (TOLL K) oX=]y8) 11851220
PRINT 7100

o T3 =isl0 1i8%j221

e

P

i e By e P T o Ve e
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13

70

8000

s e e At A S 2

PRINT T4oIo{TGITI1KI9eK=1+5)

PRINT 210 ’
PRINT 75.TVIN)vDPV(NisHBV(N).CFHiN)
CONTIRUE @ :

PRINT 6000

PRINT 7000

0O 8000 N=1.NN

X1=D3V{N)

X2=WBV(N)

GM=CFN{N)

CALL STRCONEX19X29GM)

PRINT 7001, TlHE(N)'CFH(N)oZNlN,lenXZgDBSvHBS.ETSl
CALL SYSTEM

END .

L=37

T 11851222

11851223

11851224

y
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SUBROUTINE  PREP ‘ ,
DIMENSION XWS(150) ¢XHA{150) ¢ XHS{150) XHW(150) 4 XFS{15015XVA(150) XV
15(150),Q5(50) ,CFM{300) +ZN(300},
208V (300),0P¥{300),0BC(3,300},0PC{3001,PS(10,300)
3 +LA(300,10},LB(300,10,XD8(300),WBV(300),EDB(100),EWB(100
43 ,ET(50,50)+WBC(24300)+5(61 -

COMMON XNS.XHA,XHSKXHHgXFS.KHS.KHA.KFSgKHH.KHS'EDB'EHB.ET, KET9yN11851NCY
1ET,Q5,CO0L,CO2,U0 s THyGSyGLZLENS ) CFMyDPS, DBS,WBS, ETS14ETS2,WCC,C03,11851M10
2WCD 1 DPA +ZN,QG,QGL DBV, DPV+DBCoDPCoWBCs SsTAsOToKWC NNy XVA,

BXVSsKVAsKVSePSsLAsLBy XDOByWBVyWCLlsWC2 »DTT

26 FORMAT{120HO TIME oBv Wav D8s

1 ET QGT QvTr QwWT QWS
50 FORMAT{1017)

11851002

52 FORMAT(TF10.1) 11851024
1 FOWXMAT(1C:7,.0!} 11851011
2 FORMAT(1017) 11851012
READ 2,KWS,NWS 11851015
READ Ly {XWS(I),I=1,NWS) 11851016
READ 2,KHA,NHA 11951017
READ 1, (XHAtI),I=1,NHA) 11851018
____READ 2, KHSyNHS 11851619
READ 1, (XHS{I}sI=14NHS) 11851020
READ 2,KFS,NFS 11851021
READ 14 (XFS(I),I=x14NFS) 11851022
READ 2,KHW,NHW 11851023
READ Ly (XHW{I),1=1,NHNW) 11851024
READ 2.KVA,NVA 11851025
READ 1, iXVA{I),I=1,NVA) 11851026
READ 2,KVS¢NVS 11851027
READ Lo {XVSEI)e21=1,NVS) 11851028
READ 2,KQ5,NQS 11851029
READ 1, (QS{I)5I=1,N03) 11851030
_ . READ 1, (EDB(I),1=21,29)
T TREAD 1y (EWB(TY,T1=1,30)
DO T3 1=1,29 ‘ -
T3 READ 1, (ET{I,4)4J=1,30) 11851048
:F(Hﬁl) ’hir,S
4 READ 1, (CFM(N),N=1,NN)
G0 TO b
"7 READ 14CFMO
DO 7 N=i(NN
7 CFM({N)=CFM0
6 IF(WC2) 8,8,9
8 READ 1, {ZN(N)4N=1,NN}
GO TO 10
9 REAC 1,7NO
00 11 N=1,NN
11 IN(N)=ZNO
10 CONTINUE
28 FORMAT(12F10.2! )
TIME=0. _ £ 11851613
T TTETSS LIS (2) 45131 45(6)+5{5)+5(6) ‘
IF(KWC) bl,61, 62 11851F05
61 DO 300 N=1,NN ’
S . . S0, 4LA{MNaL) $L=1,410)
READ 50, (LBI(MN,L),L=1,10)
$0 TO 500
S5 READ 14(DBYI 1) eN=1,240) 11851F09
READ ty (WRV( M) aN=1,240) 11851¢10
READ L, (07011 4N oN=1,240) 11851712



| .

1 600
500

401

53
54

402

86

b«

™

BEAG Lo oWBCEL N1, 2800 L16%1F1 Y
CEAD L (0BT NY y N L 2600 L185LFL 4
READ 1, tnBCI2 NI N=],247) 114951F15
READ Lo {ORCI3,N),N=1,240)

READ li (:DB(N),W‘I:?"D)

D063 J=1,10 L1851F1i8
READ 1, (PSTJyN)yN=1,240 118%1F19
00 600 N=1,250

CFM{NY=CFM({N) /2,

PRINT 26 1185101¢
00 400 Nal NN

IF(KAC) 401,401,402

DBVIN)I=LA(N,1)/10

X=zDBV(N)

WBY{N)=LA(N,2)/10

Y=WBVIN)

CALL DBWBNP(X,Y,Z,%Q) 1.851010
UPVINI=Z

X=(LAIN3)+LA(N)S)I+LAIN,TI+LAIN,9) /40 1185i012
OBSM=X

Y={LA(N4) +LAING6)+LAIN,BI+LAIN,10)) /40 11851014
WBSM=Y

CALL DBWBDP{X,YyZ,4Q) 11851016
OPSM=Z

X={LBIN L) tLBI{N)2)+LBIN;3i+LBIN Q) +LBIN,S)I4LBIN,6)+LBIN,TI+LBI(N,8)11851018
1+LBI(N,10)}1/90 11851019
IF(LBINy4)}) 53,53,54 1:851020
X=Xe9,/8,

TSM=X

XDB(NI=LBi{N,9)/10

GO TG 10 11851F07
X=DBVIN)

Y=WBV(N}

CALL DBWBDP(X,Y,2,WDI) 11851F23
DPV(N)=Z

X=(0BC{ 1 ,N)¢DBC(2,N)+DBCI3,N))/3,

UBSM=X

Y=(WBC{1,N)+wBC(2,N))/2.

WBSM=Y

CALIL OBWBDP(X,Y,2,WC) 11851F27
OPSMs=Z

SUMs0. L1851F3]
SUN= ). 11851F32
00 6%  J~1,10 11851F_3
IF(PS(J,NY) 84,564,606 11881F34
SUNsSUMePSIJ,N) 11851F35
SUN:SUN+ L, 11851F3¢6
CONTIRUE 11851F37
TSM=SUN/SUN

TOANT INUF LIRE'FEOA
UrLinisUry M

TIMExTIME«DYY

X=DRVIN)

YaOPVIN)

I=WBVY(N}

CALL TBLULX KWSeXWS, W55} 11851108
CCALL TBLUIY KNS XWS,H5V) 11851107
CALL TBLU(X KVA,XVA VAL 11851108
CALL TBLUIX,KYS,XV5,V51) 11851109
vavAl 11851110

+{VSLI~VAL)eNSV/NSS

c-3%




1z C M

T T W

ITEE LAY

CALL FrTLURX, 270507 i1851vu24
CALL TRULUTYY,EMS y XWS, WA 14851113
CALL REBLHXX:5.,60,9,05,068) 1igsllls
UST= (400 +GSHGLI mININY ’

UGS =QGS*7NIN) 11851118
WhL ={400.-QCS)8ININI/Z1053,7 11851117
WYS=CFMIN) /Ve0. 24260, 0 (XXX} tigsllis
WYL=CEMIN} /VRECoa { WSA-WSY ) 1185111¢
QVT=QVSewVL #1084, 11851026
QWS=QGS ~QVS-6S

DeT=Q6T-QVTY 11851027
HTX=QWY/ST

RATIO=QWT/QGT 11851028 -
PRINT ZH,T!ME.DBV(N).hB\’unyDBSM.hBSHySF';QGT;QVY;ONTaQHS,TSH,

IHTX
“00 CONTINUE
TA=DBC( 11}
OPA=DPC (1}
RETURN 11851029
END

TR
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12
13
9
4
)
14
6
7
11
10
8

11

32

290
19

101
103
102

22

23

16

-

SHELTER AR CONDITION CALCULATION

SUBRUUTINE  STRCCN(DBWA,2ZFM)

DIMENSTION XWS{L50) s XHAL150) 9 XH5( 150}, XHW(150),XFS(120),
LEDBLL10D) ,EWBL100Y,ETL15G,50),US{50) LCFM{300)

COMMOIN WS o KHA 9 XHS ¢ XMW RF 5 o KWS o KHA KT S, KW, KHS, LDByEWBLET,
IKET o NET 205, COLICO20UC»TWGS yGL, ZLENSCEM, DPS4DES,HBS,ETSE,ETSZ
4WCC,CG3,WCD

FORMAT{ 10H ETS1 F10.2)

FORMAT{ 10H £152 Fl0.2)

FORMAT ( 10H Q6L F10.2)

FORMAT( 1OH D8s Fl0.2?

FORMAT{10H QG5 F12.2:
FORMAT { 1 GH OPS F10.2)
FORMAY( 10H TWS £10.2)
FORMAT( 10H opP Fl10.2)
FORMAT{10OH W8S F10.5}
FORMAT(10OH WA F10.5)
FORMAT(1OH WY F10.5)

Y1=COles2FM+U0
¥2=COl®lFMeB+UCHTW

Y3=Y2/Y1

IFEY2-100.) 30,30,31

Xl=Y¥3

X2=X140.5

CALL XTBLU(X195.+s60:+9,GS,QS51}
CALL XTBLUIX2,5+96059,Q5,Q52)
21={QS1+4GS)/Y1+Y¥Y3-X]
22=1QS2+GS)/YL1+Y3-X2

IF(22) 1+%y2

X1=X2

el 10 3

12=aBSF(22)
LBS=Xi+0.5¢21/22/(1e¢l1/22}
CALL XTBLU(DBS:5.:60,9:05:2565])
GO T0 32
DBS={14600.4GS+Y2)/1V1e14,}
QGS=-14.»({08S5-100.)

CONTINUE

CALL TBLULTH,KWS) XHS THS}
CALL DBWBOP!{DB,WB,DP ,WY)
QGL=400.-2GS
IF=2LEWS»UQ/0.24)

WA= ((QGL+GL) /CO3+2FeTS+C 020 2FMenV )/ (CO20ZEMeLF)
IF{WCC) 19,20,20

PRINT 10.WA

CONTINUE om0 T
IF(WA-TWS?  101,80L,102

i D) 133,10%:10¢
WA=WV+{QGL+GL) /(COZeZFMeC03)
CALL DBWWBH(DBS WA, WB3(H)
IF(MCC) 21,22,22

PRINT 11,WBS

CONTINUE

CALL OBWBDP(DBS,WBS,DPS,WA)
IF{WCC) 23,24,42%

PRINY 14,0PS

PRINY 10,WA

CONTINUE

IF(MCC) 25,116,186

PRINT 4,088

a1

11851t 02

11851€0%

+11851028

113514

11851€10
11851€11

11851EL4

11851€15
11851€E16
1185i€17
11951
11R5]
11851
11851
11851€18
11851F19
1.851€290

11881E24
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PRIMT 5,05%
FRINT &5, Tws
PRINT T, NP
PRINT 8,wV
PRINT 9,QGL
PRINT 10,WA
PRINT 11,wis
PRINT L4,nPS
25 CONTINUE
CALL EFTLIDBS,WBS,ETS})
IF(WMCC) 15,117,117
L7 PRINT 12,ET7$1
15 RETURN
END

i e
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5
Fom FIRRIGH) E
SURRCUTING  ATRCCIIGAIRWILP s (F s maDBOsWBS» THT e QAS QAL s NKOY ) 3 1002 :
C GA=ALR FLOW  THROUGH TI'L »(FM TTERNLT :
€ Cw=COOLANT FLOW i RL/HR, ~iarc 1 IC HEAT) »BTU/HR/DEG=500%6PM +OR H20118%10064 i
¢ Ri=C7IL "meRMAL RESTSTANCE EXCLUDING AIR FILM RESISTANCE 11651005 §
< SP=COIL Al™ SIDF HEAY TRANSFER  SURFACE PER ROW 118%100¢ i
C CF=COIL CONTACT FACTOR PER ROW 11851007 i
O NROWT CLIL POWS 11551008 i
- DRSewWRSo=COIL INLEY AIR NDRY-AND WET-BULB TEMPERATURES 11851009 H
s Twl SCOIL COCLANT FNTFRING TFMPFRATURS 118%1010 §
c CAS =COIL  SENSIBLE  CAPACITY 11851011 8
C GAL =COIL  ULATENT CAPACITY 11851012 3
' DIMENGTION  XWST15019XHA (150 s XHS {150 ) o XHWII50 )9 XFS(15801eT120)4WI(2011851013 &
11 eTRi20) o TALT2) s TWGI2)9F 551 2) 11851014 3
COMMGON  XWS e XHAsXHS s XHA s XFSsKWSsKHASKFS s KHW o KHS 11851015 g
T(i1=peS 11851016 3
CALL DAVWSDP(DRSIWRSIDPS WX ) 11851017 ¥
Wil)=WX 11851018 %
TWG(1)=CBS-1, 11851019 3
TWGI2)1=TWGIT -1, 11851020 §
A=SP/ (RWAGAXCF 54 45 ) 11851621 %
7 DO 1C0 Kz192 11851022 3
TWl1y =TGRS 11851023 %
00 99 1=19NROW 11851024 3

X=T(1) 11851025

Y=W{T)} 11851026

2=TW( 1) 11851027

CALL SURFT(ASXsYeZsTSXsWSX) 11851028

T{I+1 =T =dT(11=TSX) #CF 11851029

2=WS5X-WI(1) 11851030

IFLZ) 14292 11851021

- 1 WIT+Y ) =WlT = (W(T}~WSX)%CF 11851032

50 T0 2 11851033

2 Wilvpi=Wily 11851034

T TWITa v TWiy) - FENZIGWHRW) I {TIX Twill; 1185103y

39 CONTINUF 11951035

NZ=NRCW+] 11851037

ELSCK ) =TWINZ I =TWI 11851038

100 TALIKI=TINZ) 11851039

TEST=FGSI1)*FGSI2" 118510490

IFITEST) 49848 118%1C41

& TUGi11=zTWGI2) 11851047

G0 10 11851044

S TwisTwe 11851045

Te=Tag () 118510C46

GO TO 9 11851047

4 C=ARLSFIFGLUYYI/7FGSE2)) . 1185128

Talz Tty +TaGl2I%C /1] 44C) 11851069

CTL=lTALILIATAL 2/ 2, 11851050

G2 QA5:1.0RROAIDBRS~TL) 11851051

CRAL=CWE I TAL=TW] ) ~QAS } 11851052

RETURN 11851053

END 11851054

C-43
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(3

50 AROUT INE

SOLVE FUk T4

DIMENS!IOM
COMMON
Y{1)=TA
Y(2)aTA=
po 1

XNS {1801 e XHA(150) o+ XHS {1501 9 XHW{ 150 s XFS(150)sY{2)sF(2)

SURFTIATAWA s TWTSsWS)

FROM Q,243%{TA~TS)+1060.%(WA~WS)zAR(TS~TW)

XWSeXHAWXHLO s XAR s XFSaKWS oK HASKFS o KHW o KHS

L]
el

PlePVIY(1)923,02)
W"J.bZP‘”’l.’(Z'V.QZ-PIS
FUI A Y1 =T W) =04243%(TA~Y(])}+1C50%({WA=W)

TEST=F {1}
IFITEST
Y{1)=Y{2)

®C02)
29344

YI2)=Y(2)=1,

GO TO 5
TS=Y(2)

G0 70 10

C=ARSFIF(1)/F(2})
TES=(Y(1)1+Y(2)%C)/(1e+C)

P1=PV(T5+29,92)

WS=0,622¥P1/(29,92-P1)

RETURN
END

C-44

11851001
11851002
11851003
11851004
11851005
11851006
11851007
11851008
11851009
11851010
11851011
11851012
11851013
11851014
11851015
11851016
11851017
11851018
11851019
11851020
11851021
11851022
11851023
11851024



FUNCTION FNUXYL X22Y10¥20810dcnld)
Pl= X1#Vi/IL +X2eY2/712 « 113

P2z X1/I1 + X¢/r722

EN=PL/P2

LETURN

END

C-43

11853120
11853730
118531740
11853750
11853760




L4

EFFECYTYY TEMPERATURE CALCULATION

SURROUTINE  EFTi(DB:WB,EFX)

DIMENSICN XWS{150),YRA(150) ,XHS(150) ¢ XHW(150),XFS(150),

FOBLL100) sEWB(L0C),ET{50,50)

SOMMON XWS g XHA s XHS y XHW o XFS g KIS o KHA o KF S o KHW ) KKy EDBEWB,ET L KET  NET
IFIDA-WB) 1s1,2

erFx=D8

60 rg 15

IF{DR-ECB129)} 3,444 1185]) 44
EFX=0.

GO TO 15

IF(WB-EWBI30)) 3,5,5

IF(DB-ECE(1)) 646,57

EFX =10C.

GO TO 15

iXx=0

DO 8 I1=1,29 11851 45
IF(DB-ECB(1)) 3 v10+10

Xi=€e0B(1I)

X2=€EDB{I~-1)

GO TO 11

[X=1X+1

CONTINUE

JY=0

Lo 12 J=1,30

IF{WB-EWB(J)) 13,14,14

Y1=EWB({J)

Y2=EWB(J-1)

GU TO 1L

g Y=JY+1
1 R ONTINUE

l1é

17

15

ZII=ET(IX+1,0Y41)
L12=ET{IX,dY+])

222=ET(IX,JY)

I21=eT(IX+1,3Y)
IF(211221222222221) 3,3,17
12=222+0B~X2)4(221-222)/(X1-X2}
L1=2124{DR=-X21#(211-212}/{X1-X2)
EFX =72+ (WB-Y2)e(Z21-22)/(Y1-Y2)}
RETURN

SN



ENTHALPY CALCULATION BY CB AND W8
SUBROUTINE DBWBH{DB,HByH)
DIMENSION XWS(L150) 3 XHA(L50) 4 XHS{L50) 4 XHW{150),XFS{150)
COMMON XWSoXHA XHS s XHW o XFS ¢ KNSy KHASKFSy KHW 4KHS
SALL  TOLY (WBeKWS e XWSWS)
CALL TBLU (WB,XKHheXHW¢HW)
CALL  TBLU {(DBeKWS o XWS,HWSS)
CALL TBLU (DByKHA,XHA,HA)
CALL TEBLU (WByKHSyXHS,HS)
CALL TBLU (DB+KHS¢XHSsHSS)
HAS=HSS-HA
X={HS—HkeWS ) eHAS~HA#HW2KSS
Y=HAS-HW&HWSS
H=X7Y !
CRETURN e
END :

C-47

11851604
11851G03
11851604
11851505
11851606
113851607
11851608
11851G09
11851610
11851G11
11851612
1185.G1 s
11851G14
11851G15
11851616



%
1
JELATIVE MUNINITY CALCULAYON BY DB AND WA 11851811 ) %
SUBRUUTINE CRRARHIDS,NB,P8,RK] 11851612 i !
DIMENSICN XWS (L1901, XHALL50), XH53(i50) o XHW(L50) 2 XFSI{150) o
COMMON  XWS, XHAp XFS y XHH 9 XFS g KWS o XA, KF S KHW, KHS 11851414 i
JALL DBRBDP(DB,wD,0P W} 3
CALL  TRLUILB KuS, XWS, W5} 11851817 !
LM=W/NS 11851818 H
DBB=D8/10. i
CALL TBLU(CBB:KFS¢XF.,FS!) i
1=PY(DB,P8)/PB 11851820 :
HH=L00. 228/ 1. ~{L.-IM}eFSa]) 11851821 . :
RETURN 11851822 !
END

2 41 AR ARBAEY ¥ AP N o W ¢ D A




. %émM?—vwz ettt

LY

wWET BULB CALZULATIOM 8y 08 AND W
SUBKGUTINE DEhWRN(DB, N WB.H)
DIMENSICN XWSULI50) ,XHALLISO) o XHSTL15C) s XHWI 130, XFS U130}
COMMON  XWS o XHA L XRS ) XHE, XFS 4 XWS g KHA,KFS o KHW RHS
wALL TRLU{DBKHA ; XMAJHA)

CALL TRLU{DBy MHS s XHS KR8]

CALL TBLUICB,KUSXWS,yw5?

[F{N-¥S) 4,5,5 -

wB=D8

H3HS

GO Y9 6

HeHA+Ke (HS-HA ) IuS

X1i=08

X22X1-0.5

catt TRLUC XL o KMS s XHS#HS 1S

CALL TOLUIXZ o XHS o XHS yHS 2)

CALL TRLUEX) o KlS s XWS uS 1)

CALL TBLUCK2 1 KNS ¢ XNS o WS 2)

CALL TBLULKL s KHW ; XHNW MM ]}

catLt TBLUIXZ o KHiay XHM  HW 2]
Z1=HSE-Hula(W3l-w)

122HS52-Hw2e (NS2-K)

IF{l12-H) 1.:1,2

XtzX1-0.5

GO 70 3

WB=X240,50tH-22}/(Z1~22}

RETURN "

END

C-43

11851F02

11831F05
118515086
1185iF07

1185iF10
11851FL1
11851F12
118517153
11851F1 4
1185iFi5
118S1Fle
11851iF17
11851F1L2
11851F1%

11851F2}
11851F22




Ll epaE

VAPOR PREZSURE CALCULATION . 11851H1¢
FUNCTIGN  PVIX,PB) 11851M1¢
T=X+459,688 , 11851H1¢
TS=671.688 : 11851H1°
(M1=~{7,90298)8(TS/T-1,) : y A T
TM2=(5,02808) ¢ (LOGLOF(TS/T)) 11851H1¢
TM3a-(1.3816/(10.48(7.)))8((i0.#0¢11,36448(1.~T/TS)}}=1.) 1185 1H2(
TM4=(8,1328/1000.10(10. 4% (=3.49149#(TS/T~1.))-1,) 11851K21
ANS1=TMLsTM24TM3+TH4 11851K2;
ANS2=10. 9% {ANS]) 1185142:
PY=PBeANS? 11851H2¢
RETURN 11851H2¢

END

C-30
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BEW-POINT CALCULATICN BY DB AND w8 1185100-
SUBROUTINFE DAWRNR(DB,¥B,DP W) 1185160:
DIMENSICN  AWS(150) 9 XHA(L50) ¢ XHS{ 150) ¢ XHWIL50) 4, XFSL150) 1185100«
“OMHON WS g XHA» XHS y XHW 9 XFS ¢ KWS ¢ KHA yKFS g KHWo KHS 1185100
JFIDB-WR) 14192 1185100¢ °

1 DP=08 1185100
CALL TBLU{DBKKSXWS W) 1185100t
GG TO 100 2185100°

o2 CALL TRLU(DBsKHA,XHAyHA) 11851014

. 3 IS FULL. GIVE ME ANCTHER A3 AND START. o
PERMAMENT TAPE REDUNDANCY WAS DETECTED WHILE READING THE RECORD THAT PRODUCED
CALL TBLU(DB KHS ¢ XHS HS ) 1185101}
e CALL  TBLU(DB o KWSoXWSeWS) . 1185101
. CALL TBLU(WB ¢KHS yXHS o HSNB) 1185101:
CALL TBLU(WB ,XHR »XHW o HW) _ 1185101/
CALL  TBLU{WB KNS, XWS,WSHB) 1185101
W=HS2(HSWB-HA-HWoWSNB )/ (HS~HA-HN®NHS) S —— ¢ 111 {1} ¥
Yi=NB 1185101°
S ¥Y2sY1-0,.5 o i _ 11851011
T CALL TBLU(YUKNS,XHS21) 1105101
. CALL TBLU(Y2,KWSs2WS,22) = — — . ..l1851021
IF(22-H)3,3,4 1185102
& Yixv1-0.5 e e 11851c2.
Go T0's 1185102:
3 DP=Y2+0,5%(W-22)/(Z1~22) i I 1185102¢
160 RETURN . 1185102

END

C-31




WET BULB CALCULATION B8Y OB AND OP
SUBROUTINE DBDPWB(DB,DP,WB,W)
DIMENSICN XWS(150)¢XHA{150), XHS(150)XHK{150)XFS(L50)
COMMON XWS s XHAyXHS o XHW 2 XFS o KWS ¢ KHA o KFS o KHW o KHS
CALL TBLUIDP KWS o XWS W)
CALL OBwWWBH{DB, W, nB,H)
RETURN
END

C-32

‘1185180

118%180

1185180
1185180

1185180
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o

ST W AETTTEERTN T T e e S T

LINIER INTERPOLATION

SUBROUT INE TBLUIX KXoV, Y}
DIMENSICN V(150)

I=XINTF (X)

o2J-KXe2

LisJg-KX+]

vu=y{L)

Vi=vILL}

Y=Y U-VL e (X~ INTF (X)) evL

RETURN
END

c~33

i11851H0
Lig%iH0

1185140

11851860
13851H0
11851H0
11851H0
11858H1
L1851H3




:
)
:
:
4
%
)
{
3
!
!
3
3
:
{
E
3
r

SUBROUTINE
DIMENSICN v{50)
J=XINTF {X)
S =KX XINTF(OX)lLX=1)
fFL{J=KX) 142,2
I Yay(l)
GQ T0 1c¢
2 IF(J=M ) 3,4,4
4 Yav{LX)
G0 10 10
300 6 Is},LX
=]
PxKX
Q=P4+2eDX
L IFtX=Q) 5,5,6
5 Ql=v(l+l)
Q2=v(I)
Y=Ql-(Q1l-Q2) e (Q-X)/0X
GO 10 1¢C
6 CONTINUE
10 RETURN
END

KTBLUGX4DX oKX yLX 4V, Y)

C-34

11851co

11851C0
11851cCo

11851C0
11851c0
t11851Cc0
11851C1
11851C1
11es51ci
11851C1

11851C1

$1851C1
11851C1
11851C1
11851C1
11851C1

11851C2
11851c2
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UNDERGROUND FALLCUT SHELTER DATA

Ssmple Input and Output Dets on M-4 Progrsa

INITIAL ©ARTH TEMPERAT

Tell) LA V)] T6(3)
70,5 72.0 72.C
70.0 72,0 72.0
69.0 7.0 71.0
67.0 70,0 70.0
* 67.0 70.0 7C.0
67.0 70,0 7C.0
67.0 70,0 70.C
67.0 69.0 69.C
* 67.0 68,0 68.C
67.0 67.0 67.0

INITIAL rONCRETE wALL
TCt1) Tr(2) TC(3) .
73.0 73.0 73.0
73.0 73.0 73.0
13.0 73.0 73.0
T13.0 73.0 73.0
73.0 73.0 73.C

0-1

URES
- T6l4s)
72.0
72.0
71.0
70.0
70.0
70.0
70‘0
69.0

68.0

67.0

TEMPERATURE

TC(4)
73.0
73.0
73.0

13,0
73.0

TG(S)
73.0
72,0
72,0
71.0
71.0
70.0
69,0
68,0
67.0

67.0

TC(S)
73.0
73.0
73.0

7300
73.0

16(8)

TCt6)

73.0

73.0
73.0
T 73,0

.. 130

4t o

C e e




TIME  VARTABLES
DHIN) TVINS CPVIN}  QSUN(N) (

0.0 76.0 57.2

72.0 72.9 47.G:

74.C 74,0 61.9

75.0 66.9 48.6

770 68,9 55.C

17.0 66,0 4846

760 64,0 4B.2

76.0 63.0 47.C .

15,0 62.0 43,5 :

75,0 81.0 668.2 :

71540 91.0 71.8 !
f 75.0 92.0 71-4 » ’
) 77.0 93.0 71.C ;

78.0 92.0 68.2 §

719.0 88.0 69.9 ;

53.0 85. 0 Tie.}

0.0 81.0 71.3 :

30.0 79.0 69.1 i

8040 77.0 68.4% !

0.0 16,0 T71.8

£0.0 79.0 7C.6

31.0 84.0 73.C

ole) 87.0 71.9

£0.0 90,0 712.2

E2.0 92.0 Tl.4 :

82.0 92.0 73.C i

43.0 88,0 73.0 ;

83.0 84,0 71.6

83.0 82,0 72.3

43.0 80.0 1C.2

83.0 79%0 6%.1

n2.0 78.0 69.5

£2.0 80,90 7C.2

5.0 R86.0 hS.2

820 91,0 71.8

h240 92.0 Tled

683.0 92.0 65.8

83,0 92.0 Tl.4

Hé4 .0 AR8.0 71.4

84,0 83.0 70.4

8440 81.0 69.8

4440 19.0 65.1

E4 40 79.0 1C.8 i

84.0 81.0 1.3 :

83.0 86.0 12,2

83.0 90.0 TC.8 :

84.0 32.0 Tl.4 ‘ . :

84.0 92.0 - Tl.4 ' S .

5.0 88.0 Ti. 4 ’ )

8%,0 83.0 1Ce4 : )

S BO-G ?0.2 . E . o - : e

d45.0 80.0 LAY : : S RS |

84 .0 .0 2.1 ’ '

b4 .0 79.0 T2.1

Hh. 0 19.0 1.1

’ 0-2

A by g




4
' 832.0 0.0 72.2
\ 83.0 92.0 69.8
84.0 92.0 Tl.4
84.0 92.0 T1.4
8%.0 88.0 73.0
85.0 83.0 72.¢C
85.0 82.0 70.8
85.0 80.0 70.2
85.0 79.0 70.6
85.0 79.0 70.6
. 45.0 80.0 73.1
85.C 86.0 72.2
84,0 89.0 12.6
84,0 92,0 Tle4
. 85.0 93.0 71.C
85.0 91.0 70.2
85,0 87.0 70.3
85.0 83.0 1.4
85.0 81.0 69.8
85.0 80.0 70.2
85,0 79.0 7C.¢€
85.0 78.0 TL.C
85.0 80,0 1.7
84.0 85.0 12.6
84.0 89.0 72.6
83.0 91.0 T1.8
B4.0 93.0 71.C
85.0 88.0 Tl.4
86.0 83.0 7C.4
86.0 8l.0 71.3
86,0 79.0 7C.6
85,0 79.0 70.6
85.0 79.0 7C.6
85.0 80.0 T1.7
85.0 82,0 73.8
85.0 90.0 72.2
85.0 92.0 T1.4
85.0 92.0 Tl.4
85.0 91.0 71.8
85.0 87.0 70,23
85.0 830 12.0
85.0 80,0 T1l.7
65.0 19.9 12.1
85.0 18.0 71.0
84.0 7.0 U A Y
. 84,0 19.0 r.1
4.0 8%.0 T2.6 o o
84.0  89.0 T2.é
83.0 9.6 IR & 1L T
84.0 8.0 B 2 Y Y _ B
85.0 - .0 Ti.e e e e
‘ : 85.3° - 88.0 9.9 . , -
. . 86,0 #%.¢6 R 2 20 R T e
: 8%.0 80.0 . - 7Y.7
TR 8E,0 198 - - .6 .
85.0 MWaf T T ) -~ '
. _ 85.0 .. D .6 IR T
) ) . IMO . 1“-0 . ’f!.! “"‘ e e
£
A gw;




84.0
84,0
86U
84,0
85,

8%.0
BS.G
85.0
85.0
85.0
84.0
85.0
84,0
84,0
84.0
84.0
85.0
85.0
86.0
86.0
86.0
85.0
85,0
86.0
8%.0
85.0
85.0
85.0
86.0
86.0
86.0
85.0
86.0
86.0
85.0
85,

85.0
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