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CALCULATIONS OF THERMAL PERFORMANCE
OF A BUILDING AND ITS AIR CONDITIONING

" PLANT BY HYBRID COMPUTER

by

G, P. Mitalas

The temperature of the air in an air conditioned room
depends on the rate at which heat enters the room, the rate at which
heat is removed from the room, and the heat storage capacity of the
structure. The calculation of room air temperature or room cooling
load is quite involved as the ambient conditions, the characteristics
of the cooling plant and the characteristics of the structure must all
be considered together. The calculation involves the solution of
several equations, both algebralgz and d1£ferent1a1 that describe the
performance of the cooling system and the structure. These
equations can be solved quite readily by an electronic computexr.
This report describes the way that the NRC computer facilities have
been used to make air conditioning design calculations.

Computer Facilities Available

The Analysis Section of the NRC Division of Mechanical
Engineering has a Pace analogue computer, a Bendix G-15 digital
computer, and an analogue-digital digital-analogue coupling unit that
allows the two computers to be interconnected, " These machines
have been used for air conditioning design calculations. The coupled
analogue-~digital machine is particularly well suited for this type of
calculation because the problem involves algebraic and differential
equations, The analogue is best suited for solving the differential
equations and the digital is superior at algebraic equations, The
digital is also used to generate the ambient conditions that are the
driving functions for the problem, and the results are recorded in
digital form and finally typed by the typewriter associated with the
digital machine.

Mathematical Model of the Thermal Energy Balance of a Room and
an Air Conditioning Plant

The heat interchange within a room, the heat flow through
a room envelope and the heat interchange between an outside wall and
its environment, can be described by a set of linear algebraic
equations:
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where
C.., K, and D, are coefficients
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Bi = room envelope inner surface temperature
P
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time dependent variable (i,e. solar radiation, outside
air temperature, etc,).

The number of equations in a set is governed by the number
and the construction of room envelope components, A room thermal

response can be described by approximately ten differential and ten

linear algebraic equations,

The room air temperature is given by:
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(Ref. 1)

BR = room air temperature
Q = heat addition or extraction
6; = minimum allowable room air temperature (i.e. thermo-

stat setting).
. . a9
The continuous solution of the above equations is possible
using the three basic analogue circuits given in Figure 1.



The mechanical equipment to control the inside climate in
large buildings usually consists of:

(a) chiller

{(b) primary air unit

[rad

(c} secondary water coils,

¢ Figure 2 is a schematic diagram of this equipment and the
room.

The chiller cooling water outlet temperature, at constant
water flows and compressor speed, depends on the cooling water inlet
temperature and the outside air wet-bulb temperature, and is given by:

- P ,/"‘ .
eWO = BWO + 0.5 (AGWO/+ 'A&WO!) ... (4)
where
MO, = A + A8+ A B2 - gk
WO 1 2 Win 3 Win WO
GW in = inlet cooling water temperature (°F}
6 = outlet cooling water temperature (°F)
WO
A1 = (a.1 + b1 GWB) F
AZ. = (az + b2 G.WB)
= 1/°F
As (g + By 8yp) 1/
) aandb = constants that are functions of the particular chiller

design

8‘;}0 = minimum allowable outlet cooling water temperature
(°F).
&3
The maximum heat extraction -- per square foot of

nominal face area by the primary air unit at the design air and water
flows -=-is a function of the temperature of the chilled water entering
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this unit, 8y o; of the inlet air dry bulb, 8pp; and of the inlet air
dew-point, 8pp, temperatures. It is given by one of the three
following expressions depending on (6pp - Swo) difference:

(6 - ewo) > 10

DP

8 - 10)

Qp = e+ a8 -8 )+ e(8 - 8

P

10> (0pp - 8yo) > 0

Qp = e+ dBpp = Oy + -8By - B ) (8, - 8, - 10)
(BDP - GWO) < 0 ' g
S
Q_P = rn(ElDB - BWO)
where

¢, d, e, f, g and m are constants that are functions of the particular
primary air unit design. The temperatures are in °F and QP is in
Btu/hr ft2,

The enthalpy of the outlet air is given by:

E, =E - (QP)/(M;)

o
where
Ein = enthalpy of outside air (inlet air to primary air unit)
{Btu)/(1b of air)
M = mass flow rate of air through primary air unit (lb)/{hr ftz).

a

If it is assumed that the outlet air is saturated, which is a reasonable
assumption for a unit with four or more rows of sprayed coils, the
outlet air temperature is given by the following equation:

B = (-~2.69+3.51E -0.0518E 2+ 0.000333E 3) °F,
oa 5 (o] o] O

The heat extraction by the secondary coils is:

Q = U (eR -9 (Btu)/(hr)

I WI)




where
U = constant which depends on the particular coil design
and water and air flow rates.
BWI = inlet water temperature to the secondary coil, °F
= Oy * (QP)/(X M)
GR = room air temperature, °F
X = bypass factor, i.e. the ratio of cooling water flow

through the chiller to the cooling water flow through
the primary air unit

%

M = water flow rate thr/p'ugh the primary air unit, (1b)/(hr ftz).

The sensible cooling of room air by secondary coils and
primary air is:

Q

n

Q +0.24M_ 5 (6 - 8 ) (Btu)/(hx)

where

primary air unit coil nominal face area allocated for
this room, ft2,

wn
]

The cooling water temperature entering the chiller is:

Swin = (QP/(My) + 8y,

The equations describing the heat balance in the room and the
cooling plant must be solved simultaneously because of the interdependence
of room air temperature and heat extraction by secondary coils, The
solution of this set of equations on a hybrid computer is not a straight-
forward operation because of the operational difference of the two
computers; the digital computer samples the analogue voltages repre-
senting Oy i, and 8y at the time, tg. Using these sarpled values it
calculates (8 )t and (GWI)t but the calculations require a small time
interval, and therefore the values (6 )t and (GWI)t are ""late',

This d1ff1.cu1ty can be overcome by notmg that the driving functions are
periodic 'with 24~hr period, and that only the periodic steady state con-
ditions are of interest. Therefore, the values (9 )t  and (GWI)tS
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calculated for the time, t;, are stored in the computer memory and
held there until the time, tg + 24 hr. At this time the values are
transmitted to the analogue computer. '

Hybrid Computer

The hybrid computer at the Division of Mechanical
Engineering, NRC, used for these calculations is made up of:

(a2} a Bendix G-15 digital computer, two magnetic tape
units, a typewriter, punched paper tape reader and
punch, '

(b} a Pace 131R electronic analogue computer made up
basically of 96 amplifiers, 160 potentiometers,
4 relay amplifiers, digital volimeters and an analogue
recorder, ’

(c) an Epsco addaverter with an 8 D-A (digital to
- analogue) and an 8 A-D (analogue to digital) channel
capacity.

The D-A converter accepts 12 binary bits with sign,
accuracy £ 0, 5 bits or 0,02 per cent over the working range of
+ 10 volts and the time for conversion ~ 0.1 ms,.

The A-D converter gives 12 binary bits with sign, accuracy
+ 2 bits, i.,e. 0.1 per cent and time for conversion of 8 channels
= 2 ms, '

The interval between the conversions can be controlled by
the addaverter clock or by the Bendix G-15,

Operation Procedure

The procedure for the solution of the equations describing
the room thermal performance and the air conditioning plant can be
divided into four major steps: '

(1) Preparation of the driving functions
(2) Setting up and checking the analogue circuit

(3) Solution of the equations on the hybrid computer

(4) - Tabulation of results,



Preparation of the Driving Functions

The driving functions are calculated by "A Program to
Calculate Design Data for Air Conditioning Calculations", This
program is designed to calculate various weather parameters from
the basic data, to store these in memory and to punch them on paper
tape, The detailed description and operational procedure of this
program are given in Ref, 2.

The punched paper tape produced by this program is not
directly usable as an input for the "Running Program? which is
described in the following sections. The numbers listed on the
punched paper tape must be converted to the special format accept-
able by the D-A converter. The "Driving Function Conversion Pro-
gram' was written to convert the numbers to the required format,
to calculate Ay, Ap, and Aj constants and to store these on magnetic
tape, The detailed description of'this program and its operational
procedure are given in Appendix I.

Setting Up and Checking of the Analogue Circuit

The method and the detailed description of how to set up an
analogue circuit is given by G. P. Mitalas et al {1). Before this circuit
is used, it is desirable to check the circuit and the settings of the
potentiometers. This can be done simply by noting that:

{a) the temperatures of the room envelope and the room
air at steady state conditions must be equal to the
temperature at the outside surface of the room
envelope, when the other inputs are zero;

(b} the heat extracted from the room air must be
equal to the solar radiation input to the room, when
the heat flow through the room envelope and the
internal heat sources are zero.

Once these verifications are carried out it is reasonable to
assume that the analogue circuit and the potentiometer settings are
correct and that the analogue circuit components are functioning
correctly,

Procedure for Operating the Hybrid Computer

(1} Mount the magnetic tape containing the driving functions
on the magnetic tape unit No. 0.




(2)

(3)

(4)

{5)

(6)

(7)

(8)

-8 -

Mount a reel of blank magnetic tape on tape unit
No. 1. o

Set tﬁe addaverter controls:

a) channel capacity = 8

b) channel 8 on "Data' channel
¢) time on clock = 1.2 sec.

Load "Running Program?" (the description of this
program and its operational procedure are given in
Appendix II), search the magnetic tape for the
required driving functions, and load thig set into

the computer, y
- // -
Turn on the analogue recorder and set the

analogue computer in operating mode. This puts

the hybrid computer in operation.

The heat extraction from the room air can be
varied by:

a) a change in bypass factor, X

b) a change in primmary air unit coil nominal
face area, S

c) a change in constant, U,

The strip chart record of the analogue voltages
indicates if the solution is proceeding satisfactorily,
and it also indicates when the periodic steady

state conditions are reached,

When these latter conditions are reached, the
results of this calculation, the driving functions
used, and the several constants are recorded on
the magnetic tape on unit No, 1. The procedure
for this is given in Appendix II,




Tabulation of Results

The "Tabulation Program" was written to type the
recorded results from the magnetic tape. This program also
performs a limited amount of calculations to present the results
in a more comprehensive form. The description of this program
and its operational procedure are given in Appendix III,
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APPENDIX I

CONVERSION PROGRAM

by

G. P, Van Blockland

The driving functions on the punched paper tape
generated by the "Program to Calculate Design Data for Air Con-.
ditioning Calculations’ (2) cannot be used directly as an input to
the "Running Program", as the numbers for this program must be
specially-scaled machine language numbers, Therefore, this pro-
gram was written to perform the following operations:

{(a) to read punched paper tape prepared by the

"Program to Calculate Design Data for Air
Conditioning Calculations",

(b) to convert these data to machine language
numbers and to shift some of these numbers
to the 13 least significant bits of the 29 bit
word (this is the number format acceptable
by the D-A converter),

{c) to arrange the converted numbers in arrays
in such a way that they are easily available
for transmission to the D-A converter by the
"Running Program®,

(d} to calculate Aj, Ay and A3 coefficients
{A's are defined on page 3) to store the con-
verted numbers and the coefficients in one
file on magnetic tape.

InE ut

All the input is by punched paper tape except the pro-
vision by which the driving function set number No can be entered
by typewriter. The order of the data on punched paper tape is given
in Appendix I. The first paper tape channel read is stored in line 06,
the second in 07 and the third in (3.
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Arithmetic Operations

This program calculates scaled A}, Aj and Aj
coefficients.

1 1
500 = 200 *1 T Pz Swa)
Ay, = az; + by Byp

200 A, = 200 (ay + by 8yn)

Locations of Constants

0109 - a /2000 -
0115 - by/200

0127 - 2,

0114 - b,

0132 - 200 aq

0135 - 200 by

OutEut

The converted numbers and A, Ay and Aj coefficients are
stored in one file on magnetic tape in the following order:

First line = copy of computer memory line 09
Word location ' Data
96 -4t  4,/200
97-44 | A, +L107% 2710

98 -4t 200 Ay




1-3

96 No/1000
97 S/100
98 _ Ag/1000
29 ' ﬁ/lo
Second line = copy of computer memory line 10
96 -4t 8pp x 1/200
97-4t 6pp x 1/200
98 -4t ;| Ex 1/166
99 -4t I, x1/100 x 2-16
96 | Aw/100
97 , No/1000
Third line = copy of computer memory line 11
96 -4t o Iy x 1/100 x 2716
97 -4t gy x 1/200 x 216
98-4t 6y % 1/200 x 2716
99-4t Ip x 1/500 x 2-16

where t = 1{1)24,

Memozry Allocations

Lines 00, 01, 02, 03 and 04 are used for program and
word location,

lD




1-4

20:00 mask

20:01 dwp x 1/100

20:02 T for pickup

20:03 T for storing

21:00 number to be extracted
21:01 scale factor

22:00 temporary storage
22:01 ~ temporary storage
22:02 - temj;;ra.r? storage
22:03 temporary storage.

Operation Instructions

1. Mount magnetic tape containing driving functions on mag-
netic tape unit No. 0. Position the reading-writing head in the blank
tape past the last information block,

2, ' Load the "Driving Function Conversion Program!. Enable
ON, type P; after the first block has been read, compute GO,

3. Mount input data tape (output of the "Program to Calculate
Design Data for Air Conditioning Calculations) on photo reader.

4, Start the program. Enable ON, type @ cf, compute GO,

5, Three blocks of paper tape containing the driving functions
will be read, These functions will be converted and written on magnetic
tape. '

The program halts automatically as soon as all the input
data tape is read and processed,

6. The driving function set number can be changed by the
following procedure:
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{a) compute switch to BP while the computer is
in the process of reading punched paper tape

{b) when all of the three blocks are read, com-
puter halts

(c) Enable ON, type (8) cf, compute GO, Type No
x 1/1000 in seven-decimal digit format,
e.g. No =5, type 0050000 tab (3) .

The number No read from the punched paper tape is
replaced by the number entered by the typewriter.



I-6

Flow ¢HART CONVERSION /?_/?oc;ﬁtﬁ/’/‘

ENTRY @gf

Py

READ 1 BLochks oF
DATA TAPE

b

NO

<E"Jf‘ Fom ENVD oF m%

HALT

RESET OoVERFLOW

o/o ¥
¥ ¢4
SET BASE FoR PrehuvpPso Prek vp &,
A ixeppraz’ty
- s
124 y
Pich UP Guwa Prew ve Iy p
e =

CONVERT 7o FIUEPET Conv. Te FIXEDFX 2

YA |

cALe. AnAz, Ay

£
Pith yp [
ComNV. TO Frace pPr .

—

Sroae A, L ol o

-—yéfsr FoR FN D

STOoRE ﬂgs ﬂgp. E
L sa bt

Plckvpe ls
{ cowv, ro F:Mpi—'fffu'"

3

[ prex e @
had -4
CONY. T°0 Frappraxl

i

[ s7ose Iy, g, 93 ,
I? iad Z//

T

2.72£%
{ M EREN. Pich vp

REGISTER

&

oXrd |
FItk VP Fob ) Y
Conpy. Te Fixed PT d
“22 %
i .Pien up u, ﬁz, Aw, l
PItk vp 8op A, 5 Lomnv. 7o KIXELT

cony. . Te FIKEDPT

QeeL” Y
O.90 ¥ ENTER CoAy, To Frassr pr
Pieg ve J My g F rEs T
copy. Te FINEDPT Nhes
L . 0-317
.72 % WRITE FILE copl
Pitk ve

T4
con. ro FIXED Prx 2 /

wnirt S plocks ofFf
MAG TAPE

v

l{)



I-7

N.it. C.
OIV. OF MECHANICAL ENGINEERING

DIGITAL  COMPUTER ABORATORY

Page ____ ol ___

> G-15D Prepared ty &.v. §, ‘ Date:
PROGRAM PROBLEM:._CONVERfloN PROGR AM Line _ﬁg______
0 I 9 3 L BPIT|INICIS|DIB NOTES
4 ] 6 7
8 g {1 I P gl Joloof2pl 1 4004 —p 4R
2 19 115 | ,ul odeclipe 254
6 17 18 18|, AVEAVIVETY, HEAD TAPE
20 2 22 N3 /]7 ' ffq YA AFE Y] 7K
24 2% 2% 27
NOT REABY -
28 29 MW 3N | oy 02iIR 71221258 DaR
32 33 34 35 i,y ' 17 3gip 23217 4 TNZ AR
k3 B’ W |0 32l50|oloolzy SE7 READY
40 4 4 4 ) s2100lat 1803 HALT Ncz'00
Fo
44 45 45 47 3} 33 f;? olet fwl N _-,’7
43 49 50 51
nc‘ﬁo\/
288 56 55 | orl lghilolielos Lig = iog
36 57 58 o8 25 z,-,n_ o e ij 31 ‘) REs&Er
VEK FLow
60 8t 82 & | I i, oqlolos lo ‘
64 65 66 67 oc{ TR T IRY READ TAPE
68 &9 01 [y iy lrujoirglay R
72 ?3 74 75 s lu g ZOOJ? 0/7 L;? -—v{_077
1 71 718 79
80 8l 82 83 2o 22l22l0] 753 READ TAPE
84 85 88 @ 22 2212202854 TR
88 89 %0 91 21 w L2ulaéfolislon Lmi___,,“r
92 931 94 95
% ¥ % 99 24 llu 2725410 25l o7 clK Loc{; 0
o ut  u2 ul
sd il (s d?oz? Iz cip Lo
U4 us ug

&g Jlulgojrefejrqldl CLr Lif




1-8

N.R.C.
DIV, OF MECHANICAL ENGINEERING

DIGITAL  COMPUTER LABORATORY

Page ___ aof ___

* G-15D Propared by _¢ ya | Date:
PROGRAM PROBLEM: _ fonvy PrOO, Line 0o |

0 ]'_2 3 L |P|TINICIS{D|B N TBTES

4 5 8 1 | soll by T AVT VY, 7 —* 20.03

8 8 10 N 227 feloolobo 1 /oo

12 B 1 1 29 Soldsiolzd 24 CLR 2¢.02

6 17 18 8y, g7l 12| 0loole/ 00. 97 —*o0l97
2 2 2 N ?/7‘ }- a9lazlolso 3:] RMP_inv Log

4 25 2 2

28 29 30 N |3, 1uluol oldolz8] | 20. 22 —» AR !
2 38 M B [y | ssiu oloo ig A sker, s AR
%38 39y Tl lus sloglzel] | [of.70 —> AR ] -
a4 a2 @ Gy Sljublold[3t NC AR &
4 45 45 47

48 49 50 51 ), tale)|ologlsy SeAL g FAcron —» 1104

32 33 54 55 74 q odwg oloo 100 x 377

% 57 %8 8 o 1, 53 }u AN TRATO orsy¢ _conv re i p ‘
60 & 62 &3 Sy M | 63log] 1231 TRATo o0t.08 cAre A's

64 65 66 &7

68 69 70 T |, mﬁ. ok s 20,01 — 4K

7ononwn £z 737910100124 shes, —— 4R

B 17 73 | [lz2]usloles 22l | [opzs ——» 4R]

80 81 82 @83 24 nry 03,31' NeaRr

B 85 86 @ ' , s
88 83 90 91 wa weloslolool 2/ SCALE FACTOR > 2).07

L A Zus 2zizzlzlzz Z

% 97 % N os lwlgzlsyl 12 sy TRA To o4 54  Opnv re_ st 2

ug u1r w2 u3

U4 U5 Ug 27 Zoisglof2eles AR —= 1D




DIV, OF MECHANICAL ENGINEERING
DIGITAL COMPUTER

N.R.C

LABORATORY |’

I-9

Page .,_,. al
Date:

> G-15D Prepared by _4 v 8

PROGRAM PROBLEM: _ ronv. PRo 4. Line _o0
0 { ‘ 2 3 LIPITIN CJS DB o .NOTES —
4 5 8 1

8 g 1 N .s‘/q 3%lapl/sladisy LD R L9

12 B3 14 15 9.8 uolurlolzales CLR__IDo

6 17 18 19, salgalslagls IDR 24

0 N 2B

5 % 0ol loulalolialea | a0 o0 g

8 29 30 3 | Ll lolaslio] | an -0,

320033 3% 35 | sall s 38| etool2s |/ | MAsk —w2s00

I 37 I 39 g 2;72090-

4 4 a2 4., yoluglolss|ze EXTRACIED Nt v _Ag

44 45 46 47 )| . 44y dlolrszg [0, —=» 45K

48 43 50 81 |, , wuglosz|olzrlzs AR —> 22 0

52 53 54 55

6 57 58 89 o, | Dy lioldsoisl | ricmns 'E

60 61 62 @3 /2 13178 Neolzgt | eots = pn RECHTrens
64 65 66 &7 |, , oules|ode a7 7

68 68 70 M} g /‘lq 2/ ol28l20 AR —» 20.4) :
nonoMn 2/ 2¢|2210 &a;‘*? Shel = 4R

LREONCRER N T sTene,
80 81 82 83 23 Py A AR

84 85 88 &7

o8 80 8t Ll | L ]
2 98 9 9 4 5760l olaoizg SKEL —» AR N
% 97 9% 9 o 62162 10l31)|3¢ NIAR z
“ow w2 s W tealsdiologael ] [og-~ —sar ] 53?}
U4 U5 UG | sl ol T S £ =3 240y




DIV, OF MECHANI|CAL ENGINEERING
DIGITAL COMPUTER

N.R.C.

LABORATORY [

I-10 -

Page ___ of ___

G-15D , Propared Wy _ ¢ . 5. - Dalsel
PROGRAM PROBLEM : CONY. PReG. Line 00
¢ 1 2 3Lk PIT|N C??i .=NOTES
4§ § 6 71 |pds dralod oo 200 x3°"F 'i
8 8 10 1 | dslluleal suly 21030 TRA To ot s4 Comy, ro £ Pr 2
12 13 W 15 | £ ps1délolaglas AR _—» 22.0/ G;ﬁ
s 17 18 19
20 2 2 23|44 7oi740l20]28 Iz — AR
4 2 B N7 79- 7517810120 2 Shey, —= AR
B 8 X W gsiliugisplolodlzg] | [of.o- — 0] i;;
32 033 3 3B izgl|l ‘lpelpolalsilzit ! Ncar N
3 37 3B 39| oo 8572 |oiod2s SCALE FR _—» 2427 »?
0o 8| ok o, 200 x2°'F '
4 46 46 4 22 Jwlzdsal s]2/030 TRA To o154 __fonV. 7o £f PT
48 48 50 51 24 golfoel28|21 BR—>22.0¢ /
52 51 54 55
% 51 88 89 ), ll lpoleulolsoligl | T —— ag -
60 61 62 63 24l l#s|plolodzg siEL == AR N
84 65 66 67 | oo f ooldajoloy 237 [oz:.-- -“’/‘Jf‘i'z ‘i
68 69 70 TI 2L golgoloi3i 31“ NMEAR B‘i
7B nn 42 49lq4l ol ool S _—=2r0/
LA Z4q volw # oo d oo x””
80 & 82 & a4 |wigdlgyli |2/l TRA 10 0l cony rre FLPr
B4 85 86 8 5?5 ?2&002322 QR —* 22 02 A
88 83 80 9 )
92 93 94 95 e “LZ,—LI SEENEEN] T.RA 7e 03.72
8% 97 98 99 A
ug ur w2 uld
u4 us ue




1-11

| S it eromeene
Page __ of

. G-15D Prepared by __» v 3 Date:
PROGRAM PROBLEM : LONY. PROG, Line ¢o

0 1 2 3 |t]r[t]n]c[s[o]e ~ notEs |

4 5 6 1 RETUNN FRewm Joy

§ 8 1w n 3/7 42161 {03031 WRITE FILE cops g
1218 W 15| ¢ lwholzrelasss TRA To wniTE LeADEK n
e 17 18 191 zo lulzdzilolog s dog = L1 2
0w 12 1| LWRCE1EZ;PA EVAEY TRA To \imT :
24 25 2% 27 /7' wizeleioliels Lio —» Leg E
8 28 0 N lp lulesloelee]s ITRA To w7

3233 34 35 | po lulesledol sy ‘91 Ly —» Leg

/3T /W | oy wiaslzd e 2s |37 THA 7o wess

40 41 42 43 o i |l lysloololorfes pe = 9o \
44 45 45 47

48 43 50 351

92 81 54 85

5 57 58 58

60 81 B2 83

B4 65 66 6

68 68 70 71

27 0T W5

1 71 18 19

80 81 82 83

84 B85 86 87

88 89 8¢ 91 )

92 93 94 95

% 97 98 93

u o ul w2 u3‘_

u4 u5 UG




DIV. OF MECHANICAL ENGINEERING
DIGITAL COMPUTER

N C

_ABORATORY |-

1-12

Page ___ of ___
~  G-15D Prepared by ¢ » 33 Date:

PROGRAM PROBLEM: _ ~oun /. Prog Line o/
o 1 2 3l [P[TIN[[S]D ~ NOTES |
4 5§ 68 7
8 8§ 1 N |os agqlie [ologl20 AR —> 29,0/  #.a
12 13 -1 15| . (3178l olso|2s 20.0/ —» /D,

IR U I refl eslizlolos |z £ = Mg,

20 2 2 B |z, 2dy daly 02 3 5
24 15 2 27 (7 sfloz|oizglss Lt Ty 23,

28.28 30 AN {,, oilowlol2slzg PN, == AR
28 M Byl s ezle22l22 | An b Ag
® 3 B 8 oo Lol a/z_?/ £ % AR
0w o4 2 s rog | [ =todlslxddont | —vopre
A A N 72 W P Vi TeE AR =% 22 00
48 49 50 5
2 53 54 55 e 172578 0120]2] 20.0/ — t&,

55 57 58 59 /7 1g12¢0l01 124 L N
60 &1 62 63 bop | Lol ol yu
84 65 66 67 / sélzalelayls: MuL TPy
88 & 710 7 22 23|2010i24129 PN _— AR
7B 24 25124 11282 ¥ AR — AR
L L Y 27028 slotzg C — 4R
RN TRE I 700
84 8 8 8 25 2? 3 1 pi2a LR 22, 2/

B8 8 N 9 jo Jil3ylpize |25 22.0f —= /O
92 83 84 95 Iy 35137l olorlzy £ o a,

3% a g n B 35 ) =l Latoz —ele 7
uu(‘ uow iz SEl2510 2031 MYl T PLY
u4 U5 U ' /




plv, OF MECHANICAL ENGINEERING

N.R.C.

I-13

DIGITAL COMPUTER  ABORATORY
Page ___ of ___
G-15D Prepared by _ ¢. v B. Date:
PROGRAM PROBLEM : LONY PRO G Line o/
0 i 2 3 L IPFTINICISiD|B "NOTES
4 5 5 1
8 9 0 1 j2s 27 2/4 012802F 4 Py, —= AR
12 13 1 15 24 solsrpgla8029 AR —>= AR
B U 18 19 3; 33l311) 012? € —» A%
20 21 22 23 |ziz 18 lwel ez 2/t
24 25 26 27 33 3y '?;? (2822 AR =—>22.02 A
28 29 30 3 ?/—; 94 ?y olze |32 KMP wnio
32 33 3 3% a -
¥ 33T 3B W, wiigylelaz|3) CLR 2wR v
4 4 4 M o &5 4 7 223125 AR = /D, ;‘
4 4 46 4 wz 132 lawlsizgls) IDR 4 S =
a0
448 30 8 gy £9.97.¢125127 10, — AR ‘% “
52 53 54 55 g R P
7
5 57 58 50|
60 & 62 8., sEl571 0028120 AR == 2/ 40 2
64 & 66 &7 SZ foidr|olerizo MASH —r 28 99 :
68 60 70 7,0 dad bl A
-
1 13 L 75“ e Feulduloizi)as CLR “é
16 n 78 18 o A/a’é’{gj—"ozg ST 2 —e AR, E
80 81 82 83 J? ’70’7/ yar-rd 2{? EKPONENT 2. AR E'::
84 8% 86 87 2’7{; veNoley 7, SCALE FAcreH ®
88 88 80 o | L L e, e o 3
2 9 94 %5 78 fizsinlzeglsl SHr AT anpER AR l
% 9 % 9 75 57{; 23222 o2y 2—= AR \
ug Ul - u2 Ul ] 1
7,7 727;/4 2losizg ot P —r AKX |
uf u5  Uus | l
AR L p FoR  NE 2 O




I-14

N.R. C.
| owema, GomruTeR _ caBoRATORY | _
. Page ___ of __
G-15D Prepared by g v & Date:

PROGRAM PROBLEM : CoNY. PROG. Line _of
0 1 2 3 | t|P|TInc[s[ols] ~ NOTES )
4 5 6 7 |[raell 2oy 2l2glg TNZ AR E
8 9 10 n __ ~
2 13 -4 15 | »/ gz2l97l024]28 ] CiEaA_ AR 3
LY B8 £2 Pyipflpizeiay - 1D, — Anr ©
2 01 2 B | i
B B 2 eel lesloelolnles| | AT, .
828 30 3 gl brigiloleshsl | pa e 2
32000 M 35 o Usplasl sl “DivisE

¥ 03 8 39 oc| loglosiolsaly RMP _m_to

0 4 42 &

44 45 46 47

48 49 50 51

52 83 54 58

55 57 58 59

60 81 52 63

64 65 65 67

63 63 70 71

701’ M5

% 7T 1819

80 8 82 83

84 85 86 47

8 83 90 91 -

92 93 94 95

9% 97 98 99

ug ul u2 w3

U4 u5 Us




~

DIV. OF MECHANICAL ENGINEERING
DIGITAL COMPUTER

N.R.C

PROGRAM PROBLEM:

1-15

0
4

8
12
16
20
24
28
32
36
40
44
4
52
55
60
84
68
12
76
80
84
88
32
96
uo
4

G-15D
12
5§
g 10
R
TRRRT:
N2
25 26
2 30
3 34
37 38
TR,
45 45
48 50
53 54
57 58
61 62
65 66
68 70
13
7718
81 82
85 86
8 90
93 94
87 98

o2

U5 ug

3
1
"
15
18
23
27
31
35
39
43
41
31
85
33
&3
67
71
15
19
83
87
91
35

49

u3

LABORATORY ‘
Page ____ of ___
Prepared 8y o~ 1 B Date:
tonNV. FPR&4. Line _o3
_mm
LiPITIN|CIS!D|B NOTES
29 02124|a12/|3/ TRA 10 22.2 &
_72 i d VA AUE N U84 O.Sq? — /g 7
7T T 77
gz | [laglaglslzolsil | L RMP m 23]
77 . | T S o
: T
24 24|28 o|20127F lo.e2 — AR 2
x
29 2gi32l0t0il29 skel, —— AR <
7 7 7 T —%
24 F voliblologlzgll ] Jop. va — Ar] =
/ LS - ] /- =1 ‘ - =
iz Iaiyyl o] 31132 NEAR -
m
14 q? g8 ¢iwo|2/ SCALL FAcron —m 2/ 0/ ta
t0d
20.4¢ rz .
£F m;ﬂaq P21 131 TRA To otydk
23 lw 22 Lobsi2/]37 TRA T2 o/ 4o
27 Z2 2Lia|2822 AR —» 21,03
24 37 2¢lolzol ¥ 20,01 —> AR
a?a} ¢ 10 00327 2 EL —T= AR
og ITuoolapol22lso] Llay —=Lie]
e T Y
iy 12 Juéiolsiisg NCAR
QFZ Yz leylotzelz Jo. gz —r G2
o o eslafloles zqu_ SkEL = AN
0 5 !_H-au. 0082?7 {-oa?.xw ————r/;r(] o
a g IZAYERFARTARY; VeAdR




N.R. C.
DIV. OF MECHANICAL ENGINEERING
DIGITAL  COMPUTER LABORATORY

1-16

Page ___ of __

) G-15D Prepared hy o~ ., 3. Dats:

PROGRAM PROBLEM: _, pn v, pPRoc, Line o3 .
6 1 2 3 | LIlP[Tin[c|s|D]B 'NOTES

¢ 5§ 1 | 85|78 040012/} | seair FAeron —r 24,0/ l
8 8 10 N oz llwipsleelilasla TRA To 245w  cowv 7o £ 2T -fl”
1201 W 15 eslw ool ooy | 7o ro sswe a2t i
% 17 18 18 2/l f2sl24)2020025 ARL 1 J
0 2 N0 27¢’  22lugl0l22/22 AR~ 22,00 [
24 25 26 27

28 28 31 N 4 Soigulol2alag 20. 02 ~» AR

32 3 ¥ 35 fsg Asslsotalos z?/ Sker % AR

B 3B s Tlrales [oloplal] | [o7.00 -7 ak]

W4 2 el e ldelelnly we AR

485 88 41 o, D loulenl sl | sxs ro cons

48 40 50 51 os s lselyolils s A 7o 308

288 5 8050 | lylolslese | esus = g

56 57 88 5900 | |..l,kds 7 xa!

60 61 82 8 | 1 | ol e | sk s aes

64 65 68 &7

58 63 T8¢ 71 | ., gelgzlolzols T2 —» AR .

27 1 MU 1B 22 g5 17| 0los 2z SafL. ——> AR

B0 T8I sl ogzel] | [ozns —eon

0 o8 8 8 ol | wesn .

84 8 8 87 | _ wlaglsd /213, Cony v £l PE

89 90 90Nl el ] | e

2 8 8 By gsle2lloslzg Blas —=— 4K

% 9 B N 27 gelozl 1|22 z/z A 22,07 DX O

up o1 w2 w3 |’/ K :

u4 U3 Us 02 roltyleizelzs To = AR




1-17

N.R. C,
DIV. OF MECHANICAL ENGINEERING

DIGITAL COMPUTER LABORATORY

Page ___ of ___

G-15D Prepared by £ v . Dale:
PROGRAM PROBLEM:  cony, PROC Line o¢
Rtet—————
0 1 2 3 L{PIT|NICSIDIB NOTES
4 5 8§ 1 4 iSi1®loloz2g Skgr, —2s 4R
25 / _
8 9 10 i /5 E]-Z‘:‘ 52 oa;z.?}' Lo'?-vx —-s/‘?R]
12 13 184 15 0 2020 lonl01 |21 Ne AR
B 17 18 1 sz | lsslsflslosiy SCALE FACTOR —= 24.04
00 2 B fres |l loayslade | || soe a7
24 25 26 21 8 Hw 714 SYl 12183} Conv, e Lf P
28029 3 3 || yullw zal4el Ko xz”‘
32 33 ¥ B (- eslsrlaloplzzl | AR —» 22. 03 F

I/ 37 3B 3
75

a4 41 42 4 5}7 Sl dlolzelzp fo. e 3 —= AR
44 45 46 4Ty o A,/f? 70121052, el —S» A K

/
48 43 50 91 //7 !:1‘00 7/021 //;} [LZZ—’Z-//Y
52 53 54 5§ 70 72 juwbloldt|3 NeAR
36 §7 % 99

080 82 8L Lol | s o s
B4 85 86 67 |, I |,

3?0032? AT, =% AR
68 69 70 T |, otlovlobe -1
72 73 74 75 ?Q o4 %QGZ?ZO To = 20,22
16 71 18 19
80 B] 82 83 70 Ic/,r Iq:.,: ies 2/4' 7_;2,_4, —_ AR
84 85 86 87 Zg, (8 loid Ao o 24
88 83 90 91 94 25 sd10]28 27 TNZ AR
92 93 94 95
2o

86 97 98 99 2 cgls7lolary 7A4 7Y ep 314
ug ul - u2 Ul ! i ' ’

f'6 (3 ‘72 wizzlay TRA e 01/'-’72
u4 uj ue




N.R.C
DIV. OF MECHANICAL ENGINEERING

DIGITAL COMPUTER LABORATORY |-

Page ___ of ___

~ §-15D Prepared by ¢ 4. R, Date:
PROGRAM PROBLEM: __ (Condy/. pyoy. Line oot
o 1 2 3l t[rltIn[c[s]o]e ~ notes |
4 5 § 1

809 10 0 g2l leslasloledes | swign o enys

21 M 15 {g? aglalze s [] [Rmre mioy]

s 17 18 19

20 2 2 3 22 lodluilolodes| | w — ag
425 B 27 o | 13119 0|ogylzy SeALE EALTIR — 2/ 07

2 28 3B 3 |z, olzul dodo 2000 x 1'%

2 08 3 35 g lbded ool zus re oscy

B 037 B39 ford ludes cdaslegl | an—s a9 s 35,

0 4 42 43

“ou 8 Lol lashiglolodsr Ag = AR

8 40 80 S0l s lelalenar] | seae sqeron —s 300

32 53 54 55 2370 lozxazled toos w0 2”'T

%6 57 38 %9 gollw|colsyl rl2iid! LoMV. ru FL _PT

50 61 B2 83 | a7 |65 o|28l0g AR —>09.93 L7

B 65 68 67 ) o 0

g 60 10 T el | e s ae

12 7 i 15 34 Hw |uglsglyjas 3 Cowy', Tv Fi pPT

LU P P Y P I jog

30 B 82 83

85 8 8 )| Ll pladdasl | wr e s

88 8 % 8, | 79 ECAWASWARY Cowi 7o Fi PT

2 & o 5| ), rololisdie | 25— gy

9% 97 98 99 ao | pdoslolislegh | Az e opys

u wto w2 w3’ .

U us us 22 g Plrolelesize Dpg — AR




N.R.C.
DtV OF MECHANICAL ENGINEERING

DIiGITAL COMPUTER

- ABQRATORY |-

Page ___ of
Date:

. G-13D Prepared iy . p R _—
PROGRAM PROBLEM: cony. PRo L. Line N S
L [rlT{n]cls]pls NOTES
0 ] 2 3 i
4 5 ] 1 ¢ flw iz dewls oyl Cowy reo Fi P71,
A
8 9 1 U / Q223 elapise AR =272 2P /‘Jg}»
12 13 14 15
16 1] 18 Ig 23 ?? loledlze M —> AR
20 2] 22 23 3/ 41 qo’ dloglry SCALE FAcTed w—p 2/}, 0}
24 25 26 21 'y golry (goo lo X 2-::
28 29 31 1 6 llw tugisgly 2/ |31 Comny. To EFL PT
32 33 34 35 79 ??7,* ngo/q & /‘ﬂ'——»"ot?lfqu
3% 37 3B 39 ] |
40 41 42 43 z7 gzio 7t oledl2g § —* AR
7 717
44 45 46 47 0_/7 o5 5‘/7 ciog|2/ SCALE FAeron =—» 2s.00f
48 43 50 8§ yst looh ulpde sa'7
32 53 54 53 47 Weis/dsgl rj2/713y CoNV., To KL 2L
56 57 5 39 57 47 27210122 0/9 = Of"- f)/‘f
66 &1 62 63
AR PP R P A T I S
§ 69 n o 2 43 D:ffd 2|24 C — A,
AR RN o) o - S
16 n 78 1 57 567? ol2uyiag fTqu/PLy
8¢ 81 82 43 Vd U ‘-!20.2507 PNy = 09 uy ?i’%’ ty
84 85 86 87
% 8 B 9 Y2 472{3%1¢ oalis L J
2N M 5% ig Jaledielouiy l?}a(—' i < 1)
¥ % % 3a X0 2715125 L3
ug o1 uz ul
' L Shinslolz ML 7Py
u4 uj ug My s
w1 wsle {lpl2dloa Tose " & T o7 45




1-20

N.R.C.
DIV, OF MECHANICAL ENGINELERING

DIGITAL  COMPUTER LABOfIATORY |-

Page ___ of

~  G-15D - Prepared hy __ 4. 1. B. Date:
PROGRAM PROBLEM: CONV, PROG. Line oy =
6 2 3 L JP|T|NIC|SIDIB NOTES
4 5 6 7 |lux oeliglqioyies oy, oter —» Loy
8§ 8 10 N |l soll |odeopob  Punen

, Foumar
12 13 14 15 i 5, vd vo|vde
8 7 18 199, o332l doyler OU. v oy —w Loy
20 0 2 B0 Laloolede pun o
228 2% 20 | s |saeoludo T
28 28 30 N
333 W35 g0 hay tzfoge s/l TRA ro go.1; <
B3 B %9 3
4 42 4 /76 Ml 220025109 CLEAR 14,y ;:
4 4 8 4 2z 4 lzsgelelagle cLeA R AR i
40 49 50 0o, lulsilelly 14l2g Loy %o AK N
8283 % 55 o b ecledlilislis Iy eRr BR v
B 5 8 8| buleclliab | | gacancen 5wy -
60 6§ 62 83 ®
64 65 66 o7 |, 0 | L L :
68 8 10 m,, 2elaeiolaels, g
71 KT '
1 11 18 18 27 i lazlolods SEARCH MAL Fows :
80 81 82 83 12 AN e i
84 85 8 87 24|29 o]o o s :
8 8 90 9 29 g2191) dlooidt SESHEADY :
92 83 84 95 43 oflguiolZo |3} RMP m Lo i
8% 97 98 99

O

4 ol w2 Ul

Ud uj U




&3

I-21

| oW OF MECHA!?I‘;‘&E. ENGINEERING
DIGITAL COMPUTER . ABORATORY
Page ___ of _
G-15D Pregarsd by ¢ vi Date:

PROGRAM PROBLEM : LoADER  CONVERSION PROGAAM. Line oy
0 { 9 3 LPITINICISIDIB NOTES
4 3 6 7

8 9 10 11 8¢ Wloileylolrgioy Ll;;. -—» loy

12 13 14 15 llo, o3 loglulzifay TRA_T¢ oeu.ef

5 17 18 19

20 2’ 22 23 od w lo¥ o? TAFER KT TRA Te StulRowT,

24 25 26 27 of llu 09 Zolo 22rY! [-119 —» L o2

28 29 30 ki) 26 77 o? g2 | 3¢ To AREALD TARE
32033 38 3 |2 Hulaata, olyg o0 / Zh;L--p Loo

3% 37 8 W H,, 2 0? wlzs |34 To KEAD TAPE

o a2 0 e big o io)

44 45 46 41 24 18 logigiai |l 7o AREpd TAPE

48 49 50 Si 25 M26250,7 03 L,;?,? ‘—"‘"1.0!

82 83 .54 33 24 2 g o? glag | 3¢ To AEARD rAaPrE

53 37 38 39 2/2 W l22le0 olialoy Lr? — Lot

60 &1 62 63

84 55 66 57 oqi R RN oz? f;z £L R Ll?

63- 69 10 7 o Lz d12ieigsi3j READ TAPE

12 73 74 15

¥ J2 112101283y TR

7 n 81 '3 iglis|o 2;12‘? CLR AR

80 8 82 8 /5 w8181y Ly ieg lig -3 AR

B4 85 86 & /4 o1 1/7 ylogiog fedMmaT —2 leg

88 83 CU] 02 (dlueldo 2:77 oL LD PpppPp TFE

2 %o s b L)

9% 9 %8 9 i )r;; 12lolef13) TvPE AR

ug wt w2 u3y ’

| ® i2i18lo 122030 TR
u4 U5 us rqll dailzolylaels R P




APPENDIX II

RUNNING PROGRAM

by

G. P. Van Blockland

This is the program used to run the digital computer while
the digital and analogue computers are in coupled mode solving the set
of equations describing room and air conditioning plant thermal per -
formance. It performs two different functions:

1. Every time the signal from an addaverter clock is sensed, it stores
the numbers from A-D converter registers, calculates the
secondary coil inlet water temperature 8y, and the primary air
temperature 6,,, and loads the D-A converter registers with the
required numbers. ;

Ve -t

2. It searches the magnetic tape for the required driving function set
and loads this set into the computer memory. It records the
results of the hybrid computation and the driving functions on
magnetic tape.

Timin

The analogue computer Ytime!' has to be matched to the
function generation by the digital computers. Therefore, the time
required for the calculations of this program determines the analogue
computer time scaling,

The time taken to perform the required calculations and
to load and unload the A-D and D-A converter registers is apprommately
0. 6 sec and another 0.6 sec is taken by the wait period. Thus, the
analogue computer time scaling is set at 1 hr real time = 1. 2 sec
computer time,

The wait period is required to separate the times for the
sampling of the analogue computer voltages and the change of the
driving functions so that the transients associated with the change of
the driving functions are not picked up in the sampled voltages. The
0. 6 sec wait period was chosen so that the change of the driving
functions occurs halfway between the two sampling times,

It should be noted that the driving functions generated by the
digital computer are Mstaircase! time functions, the time for a step
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being one hour of the real time, These Mstaircase' functions are
fed directly into the analogue circuit simulating the room. Thus,
the analogue voltages sampled in the middle of a Vstep" are
approximately average values for that hour,

Arithmetic Operations

. This program performs the following arithmetic operations
after the signal from the addaverter clock is sensed:

1, Chiller outlet water temperature, °F

eWO/zoo = Al/zoo + AZ/ZOO ewmf A3/200 (04 i)

if eWO < 45, get G'WO = 45

P
S
4

2. Heat extraction by primary air unit, (Btu)/(hr ftz),

1

1
2x105 {C *dl8py - BWO)

teldyy - 80 - 10)} if (6 =By > 10

1]

5
QP/Z x 10

0<(8DP-6 ) < 10

WO

1
- i - <
25102 {m(eDB E}WO)} it (BDP eWO) 0

1t

3. Primary air unit air outlet temperature, °F

3
8 /800 = 1/800 (-2.69 + 3.51 H - 0.0518 H 2 + 0,000333 H °)
oa o o e}

where Ho = Es - QP-/MA

4. Secondary coil water inlet temperature, °F

0,,. = 8 t QL/XM

WI WO A
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~ Storage Locations

{a} D-A and A-D converter registers:

Word Location D-A A-D
1 volt {analogue) = 1 volt (analogue) =
21:00 Ipp 1 Btu/br 2 M 1°F
21:01 6y 2°F Oywin L°F
21:02 8, . 2°F 8g0 1°F
21:03 I 5 Btu/hr ft2 8i 1°F
22:00 I, 1 Btu/hr £2 * Bpyy 1°F
. s -
22:01 BT 1°F 8Floor 1°F
22:02 8,, 1°F a, 1 Btu/hr £t2-
22:03 L 328 Btu/hr Qr 1000 Btu/iu-

{b) The order of data in lines 06, 07 and 08 is the same as the order of
data in lines 09, 10 and 11 of the "Conversion Program!'.

{c) Analogue computer results:

Line 09 Scaling factor Bias

96-4t :hy 2 x 1073 . 75

97-4t By in 2 x 107> 75

-5

98 -4t Byo 2x10 75

99 -4t Ogi 2 x 1075 75

Line 10 -

96 -4t Bpur 2x10-5 75
0

97 -4t 8 2x107° 75,

Floor




{d)

{e)
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98-4t Ew 2 %1073

99 -4t Q 2x10-8

Results of digital computations:

Line 11

96-4t By 2 x10°2
97-4t Qp 2 x 1075
98 -4t 8 8 x 10-2

oa

where t = 1(1)24,

7
/' e 3

Locations of constants:

Word location Scaling factor
03:69 c 2x10°3
03:15 d 1x10-3
03:09 e 1x1073
03:75 £ 2x10-2
03:93 10 2x1072
03:21 g 1 x 10_-3
03:95 m 1 x10-3
04:45 0. 0003339 8 x 10-4
04:81 -0. 0518 8 x 10-2
04:19 3. 51 8

04:65 -2.69 8 x 102
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23:00 Ay
23:01 AZ and H
23:02 A3
23:03 L and QI

Operation Instructions

1. Mount the magnetic tape reel containing the driving
functions on unit No, 0 and position the reading-writing head in the
data.

2. Mount a blank magnetic tape on unit No, 1.

/

3. Load the program, Type P, compute GO. After each
program channel is read, the check sum of this channel is typed.

4, To load the driving‘functions:
(a) Put switch 2 ON,
(b) Ty’pe @ cf, compute ON,

The magnetic tape on unit No, 0 is searched forward for
file code, the data line following this file code is read and the driving
set number of this file is typed.

(c) To load this set: switch 2 OFF, compute OFF, GO, .

-

(d) To search for next set: compute OFF, GO,

Note: If the check sum of the line read into the computer
is not zero, the computer'will type "ER'"; it will then search back-
wards for a file code and will reread the set of driving functions
following this file code.

(e) Once the driving functions sre loaded the program
automatically goes to operating mode.

This program is control’'ed by the addaverter time signal.

Thus the addaverter must be in operating mode and the clock must be
set at 1,2 sec.
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(f) To store the driving functions and the analogue
computer results on magnetic tape:
(i} Put switch 1 ON and wait. The pro-
gram halts at the end of the run,
i, e, it halts at midnight (real time).
{ii) Computer gates for numeric type~in.
Type '"S" tab i. e.

"Ag" tab (3) i.e. Ag = 160 type 1600000

0.3 type 3000000

"Aw" tab (8) il.e. Ay 40 type 0400000,
(iii) Computer gates for alpha-numeric type-

in. Type alphabetic information (room

size, etc,) followed by two carriage

references and .

Computer writes seven data lines on magnetic tape precedea
by a file code and automatically goes to the operating mode.

5. To enter "X Mw?": compute OFF, type g:) c3f, compute GO,
This gates the computer for numeric input, Type "X M;" tab @

(i.e. X My = 2656, type 2656000 tab (8) ). Once this input is com-
pleted the program reverts to operating mode. :

6. The operations described in Nos. 4 and 5 can be performed
any time while the program is in the operating mode,
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APPENDIX III

TABULATION PROGRAM
by

G, P, Mitalas

This program tabulates the results of the air conditioning
calculations performed by the hybrid computer,

The results of the hybrid computer calculation, the copy of
the driving functions, the alphabetic heading, and some pertinent
constants are stored on the magneti¢ tape by the "Running Program?",
This program reads the magnetic tape containing hybrid computation
results, converts the numbers into floating point decimal numbers,
applies scaling factors, adds reference and performs a limited
amount of arithmetic opeérations. All of the output by this program is
listed by typewriter on 12-in. paper sheets,

Order of Input Data on Magnetic Tape

All of the input data for the "Tabulation Program" are on
the magnetic tape in one file. This file consists of a file code followed
by data lines. The order of the data in each line is as follows:

First line:
The description of the calculations in alphabetical form.

This information is stored in 00-nn word locations where nn depends
on the length of the heading.

-

Word location ~Data Scaling factor Reference

Second line:

98 -4t L 1/32768 x 2710 0
98 A 1/1000 0

99 H 1/10 0




Third line:

96 -4t

97 -4t

98 -4t

99-4t

96

97

Fourth line:

96 -4t
97 -4t
98 -4t
99 -4t
Fifth line:
96 -4t
97 -4t
98 -4t
99 -4t

97
Sixth iine:

96-4t

97 -4t

© 98 -4t

8w in
gO

gl

II-2

1/200
1/200

1/100

1/100
1/500

1/1000

1/130 x 216

1/200 x 2-16
1/200 x 2-16

1/500 x 2-16

1/100 x 2716
1/100 x 2-16
1/100 x 2-16

1/100 x 2-16

1/100 x 276

1/100 x 5716

1/100 x 516

75

75

75

75

75
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6

99-4t Q - 1/100 x 2 0

a7 MW 1000 | 0
Seventh line:

96 ~4t Swo 1/200 0

97 -4t Qp 1/2 x 107> 0

98 -4t 802 1/800 | 0
where .

t = 1{1)24

q.. = heat flux thr‘ough inside surface of outside wall in
(Btu)/thr ££2) /|

Other symbols are defined in the previous text,

Arithmetic Operations

This program performs the following arithmetic operations:

1. Heat gain by conduction through window

q, = A H (6, - 8.) (Btu)/(br)
2. Heat gain by solar radiation through window

@ = A + I + 1)) (Btu)/(hr)

g (IT DT

3. Total instantaneous heat gain by the room
S A A

4, Sensible cooling of room air by primary air

= M L
st a S . (GR
‘)
5. Sensible cooling by secondary coils

- 8,.) (Btu)/(hr)

Q = M, § F (6, - L. (Btu)/{hr)
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6. Sensible cooling load on primary air unit

on = M_ S cP (6pg = €,.) {Btu) /(hr)

7. Latent load on cooling plant

Q= Q -Q, (Btu)/(hr)

8. Ratio of maximum rate of cooling over maximum instantaneous
heat gain '

R = Q".[' max/qT max’

Qutput

The output is the _t'é:bulation at temperatures, heat gains,
and cooling loads versus time. Sample output sheet is given on
page III-6.

Program Details

Memory allocations

Program - line 08, 09, 10, 11, 12, 13

Input data - line 14, 15, 16, 17, 18
Subroutine =~ line 10

The subroutine performs the following functic.ms:

(a} reads magnetic tape, verifies the check
sum of the line, If the check sum ¥ 0, it
types ER

{b) types contents of line 19 in alpha-numeric
mode

(c) converts machine language number into
floating point number

(d) shifts machine language number by 16 bits
right and converts this shifted number into
floating point number
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{e) backs up magnetic tape to first file code,

Execution time

One set of results is typed out in approximately 20 min,

Operation Instructions

1. Mount the magnetic tape containing hybrid calculation
results on the magnetic tape unit No, 1. Position the reading-
writing head in the first file of data to be tabulated. Mount 12-in,
paper on typewriter and clear all of the tabs,

2, Load Intercom 500 and "Type-out subroutine -1,

3. Load program, Enable ON, type P a.nd wait for photo
- reader light to go off, Compute switch GO. The rest of the program
is loaded into the computer memory.

4. Type 0690972 tab (8) and position typewriter paper.

5. Compute switch OFF and GO. This starts the program,
The program will operate by itself until all of the data from the
magnetic tape are tabulated.




DOUBLE GLAZED 4=120 Kia, 6 16.1.64
. Window .
L0 S 75.0 o, 13:5 . 74,8 5 75.6
2.0 B 7.0 _MT4 & 747 8 755
3.0 3 5.0 2 o727 o° 4.3 S 75.4
4.0 B 75,0 71,9 2 %739 o° 753
2 - o g 8 @ PYR
g.g E m;S'o 4 .19 8% 19 § H75.2
4 6 @ T5.0 = 573.3 2. 74,6 = M55
£ 7.0 £ 1m0 2874 TE 86 ET 758
G 8.0 - 750 S378.1 28 76.9 4 76,1
9.0 75.0 81,2 78.4 76.4
10,0 75.0 8.1 79.7 76,7
11,0 75.0 87.5 81,2 76.9
12,0 75.0 89,9 82.3 77.1
13,0 75.0 100.4 88.9 79.8
14,0 75.0 114.6 95,0 85.7
15.0 75.0 122.6 88,5 90.6
16,0 5.0 123.5 100.4 93.4
ya
17.0 75,0 118.4 98,1 7 93,0
18.0 75.0 103,4 90,4 86,8
19,0 75.0 B1.6 79.0 77.2
20.0 75.0 80,1 78,1 76.7
21,0 75.0 78.6 77.3 76.4
22,0 75.0 7741 76.5 7642
gg.g ;g.g 75.6 75.8 76,0
. . 74,2 75, .
x H s () My A
1205 51,2639 5030000 4880,0 80,0
52.20000 - Driving function set number LNO
1.0 - 77.9 .0 - 77.9 2815.7
2.0 130.7 O - 130.7 2815,7
3.0 - 229.8 W0 - 229.8 2840.5
4.0 - 317.1 % «0 - 317.1 B 2865.2
5.0 - 334,6 9 0 - 33,8 ° 2885.2
6.0 -5 2264 & 3867 F 1603 T 2865,2
7.0 & 13,6 3 837.8 3 8514 § 2840.5
8.0 ; 269.2 § 11953 & 65 E 2791.2
9.0 , 561.9 E u76.6 &' 2058.5 > 2717.9
10,0 & 876,4 S, 1681,6 _ 2558.1 @  2645.4
1.0+ 12280 g€ 1810,5 -3 3(B8.6 X  2544.8
12.0 & 15119 22 1857.4 = 3369.4 ° % 2474,0
13,0 g 2847,3 IM 3562,5 % 6409.8 F§ama
14,0 2 4004.0 G . 7418,0 2 11422.0 3 & 2380.7
15.0  © 4891,1 H°10497.0 '» 15388.0 5 2148,5
16.0 9 51715 E 12108.0 § 17274,0 :bma.msm
Q Q
17.0 Y 4079,2 O 11402.0 § 16282.0 £ 1902.0
18,0 > 3657.3 I 6764,7 § 10422.0 §  2450,5
W 19.0 & 1641.8 0 2 1641,9 Y9 2544.8
S 20,0 5 1307.1 § L0 & 1B0T.1 8 2597,5
s 21.0 @ g3z @ 0 S 9332 8 2e45.4
£ 22,0 W 590,7 .0 & 890,7 2 2693.7
L 23.0 5 3203 & 0 S 3203 & zra2.2
24,0 62,1 .0 62.1 2791,2

50,70243 = QT max/qT max

24464.0 95410,0
Cooling Heat gain
Daily totals

-6

SAMPLE OUTPUT SHEET

7.9
77.6
7.3
77.0
76.8
76.6
716.5
76.5

76.5
76.6
76.6
76.7
77.3
78.8
80,4
81.9

Floor temp. ,
By °F

* . 32- 8
82.3
80.6
80,0
79,5
79.0
78,6
78,2

y coils

Btu/hr
b4
a
n
H
(&)

, Sensible cooling by secondar

Inlet temp. ,

8y °F

of room air Op Btu/hr

g

Total coolin

Secondary Coil Water

48.5
48,5
48,4
48.4
48.4
48,4
48,4
488

48,8
49.0
49.3
49.6

Outlet temp. ,
Win °F

51.0 °

53.0
57.2
61.7

-

61,7
H.1
50,7
49,9
49.3
48,9
48,7
48.6

1611.3
1367.2
1098,5
927.7
732.4
503,3
1196,3
1538, 1

1928.7
2319,3
2734.4
3051.8
4809,6
7641.8
10278.0
11914.0

—
n
4
[#]
I
(=]

2619,1

5029.3 .

AQ77,2
3369.1
2a32.0
2343.7
1953.1

ad on primary air unit

Btu/hr

Sensible cooling lo.

48,6
48.6
48,5
48,5
48,5
48.5
48,5
48,7

48,9
49,1
49,3
49,6
49,8
49.8
52.1
55.2

55,1
49.6
49,3
49.2
49.1
48,9
48,8
48,7

Primary air
temp., 6,, °F

Latent cooling load on cooling plant Btu/hr

57.6
57.6
57.4
§7.3
57.3
7.3
57.4
57.7

58,2

2371.2
2371,2
2408,5
2447.7
2447.7
2447.7
2409.5
2332.7

2217.0
2190.5
1949.1
1830.9
1712.0
1672.3
1241.0

689.2

735.0
1791.4
1948.1
2(ez2.5
2100.5
2178,3
2255.7
2332.7

‘Total cooling lozd on cooling plant Btu/hr

3982.6
3738.4
3508.1
3375.5
3180.2
3351.1
3665.8
3870,8

4145.7
4419.8
4583.5
4882,7 -+
6521.8
9313.9
11519.0
12603,0

12869.0
11411,0
6978.4
6099.6
5469.7
5010.3
4599.4
4285.9




80

801
802
8C3
804
805
8086
807
808
809
810
811
812
813
814
815
816

111-7

TABULATION PROGRAM

. 1421392
.1421388
. 1421384
. 1421380
. 1421376
. 1421372
. 1421368
. 1421364
. 1421360
.1421358
. 1421352
1421348
. 1421344
. 1421340
. 1421336
. 1421332
. 1421328

. 1421324 -

. 1421320
. 14213186
« 1421312
. 1421308
. 1421304
21421300
.242080C
. 0490826
« 1421344
0491000
0081010
. 0121000
.C0480893
.0430892
0491000
. 0160000
.24208C0
. 0490838
.1421348
. 0191000
.0081020
. (121000
0480891
0191000
. 0160000
. 00003w2
0520000
0000324
. 00004 64
0042403
0000700
000352

L1011v3

-80,21550

~80.213(8
~-80.21035
-80,20807
~80,20560
-80.20312
~80.20085
~80. 19817
-80. 19569
-80C. 19322
-80. 19074
-80.18827
-80, 18579
-80.18331
-80, 18084
-80. 17836

~80.17589

~80.17341
-80,17004
-80, 16846
-80, 16598
-80, 16351
~-8C.16103
-380, 15856

-80, 18579
69. 00139
89, 07229
64.00181
84. 18901
84, 18694

- 69.00139
88.00083

83,3246
88,48108

-80, 18827
69. 00139
69. 14435
64.00181
84.18495
69. 00139
88.00083
53, 50000
86.00212
54.24400
50,75000
86.03132

.00000

52, 90000

55.30932

-83.32462 ,°
88.34816 ("
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851
852
853
854
855
856
857
858

859°

860
861
862
863
864
865
866

867

868
869

870’

871
872

873

874
875
876
877
878
87%
880
881
882
883
884
885

888
887
868

889
890
891
892
893
894
895
896
897
898
899

~U42656
Q151192
. u72791
.0511936
.0102795
+04011v3
0402795
0281112
- 00003Bw2
- 00003w2
01003849
.0B103826
. 0632733
- Ow 603 v7
- Que(358
0871135
. Ov2 0009
0221136
. 0000332
~On 00329
LOv0C312

.Ov2 0359
.09204w7
. 000300
. 00003w2
« 0000332
. 0540435
. 0000332
. 000032
. 0000300
LB2@B1i2
. 0000324
.0152025
.06612v7
.v51940
L7277
. 0300001
0291176
.0871235
. 0000322
.0871235
. 0000700
. 0000364
0000308
LO000316
» OCBC0
. 0000380

AN

I11-8

54, 13083
54.17605
56.11260
55. 84326
55. 14282
55.30932
55.14282
54, 89670
54.20000
54. 10000
52.88770
52.77120
54.51760
52.61499
52.93457
53.32768
86.02451
52. 82294
51.50000
52.78735
52.35107
51, 86810
52.93970
52.91064
50,9995
51. 10000
54. 10000
51.50000
48.99945
52. 10000
54, 10000
51. 80000
5422500
54.24400
50,2993
50.24000
51.26399
53.20000
88.01485
60. 12770
49. 10000
52,75000
49.10000

. 00000
5224000
52, 17000
51. 90000
51. 16000
52. 13000



Stortof

“4cvn g Bl

|loap

200
901
902
903

905
906
907
908
909
910
911
912
913
914
915

—-->918
-7

9i8
919
920
91
gaz

- 923

924
925
926
927

‘928

929
930
931
932
933
934
935
936

938

939

240

941
942
943
944
945
946
947

949

I11-9

2700000 -69.23071 S
.2710001 -69.23118 1, K.
2730000 -69.23071
2740100 -68.57678
2750500 -66.22531
0630000 88,00828
.0081031  69.22361 rype hc,o.ol\mi
0630000  88,00328
0081021 69.15155
.0081(B1  69.22361 .
0421899  65.10908 ~Read
.(R91052  69.3752
0420894  84,19099 g egef
0190899  89.13185 Him &
2700000 -69.23071
2730000 -69.23071
0260985 - 79,26338_Ex: tto frme Sab
1700000 -69,11541

. 173(B00 -67.18(34
.0260824  88.32086
.0331C00 64.00143 CR
1700002 ~69.13631
17308007 -67.18034
.0260824  88.32036
0331000  64.00143 __ &

. 1700008  -69.11676
1730800 -67.18C84
(260824 . 88.32036
.0331000  64.00143 &3
1700000 -69.11541
.1730400  -67.04509
.0260824  88,32036 ,
(0261063 69,45470 Erlocr
1700001 -69,11587
1730400 -67,04509
.0260824  88,32(36
J0261063  69.48470 © Furm:
0290941  79.12724
J1730400 -67.04509

. 0260824 - 88.32036

L0261063  69,45470
1700001 -89, 11587
1730800 -67.18084
.CR60824  88.32(B6
.0421C00  64,00181
.0410892  84,18692
(332101  365.01568 %
1760000 ~69,11541
1730500 ~66.11272
0260834  88,45329



966
987
988
989
930
991
992
993
994
995
9g6
997
998
999

.0421000
.C431000
. 0332101
» 1700002
« 1730500
. 0260834
.0421000
.0440882
0382101
.2760960
0290916
. 1700002
1730400
. 0260824
0401000
. 0430892
.0440879
. 0430868
. 0490868
. 0330868
. 0291277
.33931v5
. 0680000
0081018
.0420889
. 0491200
.0420894

« 480856

. 0430855
. 0490854
. 0490353

. 490852

. 0490848
. 0290900
. 0390900
. 0420399
. 0430698
:0490899
. 0410897
. 0230998
.0420899
. 0410896
. 0230998
. 0420895
. 0410899
. 0221200
. (330899
. 0160000
. (300001
.0290993

III-10

64.00181
84.00185
35.01568
-69.11631
-66.11272
88.,4532¢
64.00181
84.16666
35.01596
~63,98319
78.49869
-69, 11631
-67.01509
88.32036
64.00172
84,1869
84.16058 5
84.13626

88.90643 -
84-13818 i
/50,30122
-69.79592

88, 00354
569.12994
84 .18085
50, 00075
84.19099
88,74692
88.73363
88,72034
88,70705
88,69376
88. 64059
78.00351
74.00072
84.,20113
84.19911
89, 13185
84.19705
79.30357
84.20113
84,19504
79.3(357
84,19302
84,20112

50.00034.

84.20106
88. 00083
88,01485
79.28817
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1000
1001
1002
10C3
1004
1005
1006
1007
1008
1003
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
130
1081
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1345
1346
1047
1048
1049
1050

&)

. Ow60353
0000400
. 0030003
0060501
. 00007 00
. 0032632
. 0072408
0122800
0173016
. 0000000
.0142313
- COBOS04
0122812
.0152915
. 0050500
L0u705816
L0u70517
. 0070501
.0182818
.0120439
. 0110500
0212821
0191823

. 0000800 ~

.0280826
. 0252825
. 0291907
350523
0250030
0240040
2653148
.0312831
.0271334
. 0172235
«.24915686
. 0452835
(372936
.(391938
.0121640
«0102841
0121941
0340543
«Qub3021
LOA32843
« 0300000
. 0330509
372936
. 0350000
.0380050
. 0242900
. 0081031

ITI-11

52,90747

- 00000
89.17414
32.43715

. 00000
60, 10742
80.33679
A7.48846
23.11365

. 00000
11.29972
35. 11452
40.21914
31.08378
33.69399

29.10864

29.11526
32.21858
40,32871
40,71027
34.55530
40,38349
-63,31874
ag, 0d00o0
79.16161
40.45654
52.29389
32.51207
79.185629
89.22343
~-69.50308
40.56610
31.14445
21.34694
~79.22387
-40.639886
32.55615

51.,11923
79.24768

42.11978
54,26270
32.14614
26,48440
40,78523
89. 17085
32.23231
32,55615
89, 17032
79.31040
34.,00164
69.22361

Aol ne
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1051
1052

1053
1054
1055
1056
1057
1058
1059
1060
1081
1062
1063
1064
1065

1056

1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080

. 1081

1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095

1098

1097
1098
1029

.0421899
.0491399

-« XB1031

.5811899
.0081031
7811899
. 0081031
. 8811899
0081031
.9811899
0081031
0290912
0101000
. 0430892
. 0130892
.0332101
. 016000
. 1700001
. 1730100
. 0260834
. 0421000
.0432101
0190849
. 0110864
.0140886
0140885
. 0140883
.(332101
. 0291154
0191000
.0420848
. 0190870
.0121000
.0291284
.0420861
. 0110852
. 0140884
. 0340885
0490858
0291189
. 0120865
0410862
. 0140846

« 0430857
.0382101
0420850
.0291158

111-12

65. 10903
40.90215
69.223861
-569.10717
69.22361

-58,12395 -

£9,22361
-59, 14073
69,22361
~59. 157568
69.22361

78.37489

64,00172
84,18694
84.18694
35,01568
88, 00033
-69.11587
~68,28855

o 88-45329

64.00181
35.01621
88.65388
84,13013
84.17478
84,17275
84, 16869
35.01568
59.90787
69. 00139
83. 97688
88.93302
64.00181
88, 64059
50.32857
84. 12405
84, 12608
84, 17072
84,17275

: D-ag%ﬁ.
_‘;:“a""ﬂ N ,
ﬂ&lﬂnaﬂa
fapg And
S,{«oh.p.g", U ,
lines

f?ﬁ]dor*

B e

Su b

QRor

88.77351 (N

60. 14951
84,132i7
84, 12608
83.93648
69.63492
84.11595
35.01596
84.10175
59.97498




1100
1101
e
1103
1104
1105
1106
1107
1108
1108
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
137
1138
1138
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150

. 0430868
. 0490850
. 830850
. 1700002
. 1730500
. 0260834
0421000
. 0440882
.0490864
« 1700000
. 1730300
» 0260824
. 0421000
» 0820000
. 0490865
.0110864
.0440886
»0440885
. 0440883
. 0490863
.0330863
» 1700001
. 1730300
.0260824
.0321000
.0410892
.0480861
. 1700000
. 1730500
. 0260834
. 0421000
.0431000
0490862
. 0420865
.0410892
.0410891
.0291086
.0291086
. 1700003
. 1730400
. 0260824

.0410392
. 0440860
. 0490857
.(B30857
. 1700001
. 1730500
-0260834
.0421000
. 0440859

I11-13

84.13826
88.66717
84.10168

-69,11631

~66.11272
88.45329
64.00181
8416666
88. 85326
~69.11541
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