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ANALYSIS
OF
coo - HEA ~_COLLEC PR 0
FOR

AN/GSM~4k SYSTEM

INTRODUCTION

This analysis was performed under ~~utract Di-18-035-AMC-305(A)
upon the request of CRDI/Edgewood Arsenal representatives when
it was confirmed thet air conditioning equipment would not be
furnished by the Government for the AN/GSH-A4 System.

Purposes of the analysis are to show the internal temperature
conditions which will exist in the AN/GSM-4) Shelter wheu
Collective Protection Equipment is used with different types
and capacities of CB Filter Units, and to present various
p&asible approaches, with comments and recommendations, for
adapting CPE to the AN/GSM-4) System.

DEFINITIONS

For purposes of this analysis, expressions used herein are de-
fined as follows:

CPE <~ Collective Protection Equipment.

P.E. - Protective FEntrance,

CB Filter Unit - / unit for removing Chemical - Biological
contaminants from the make up - ventilation
air streanm.

IMBIENT ~ The atmosphere surrounding the Shelter and CPR

Filter Unit.
SWGFR OPERATION - Utilizution of the complete AN/GSM-ii
- System at high ambient temperatures.
(70°F to 125°F),
WINTER OPERATICN - Utiligzation of the complete AN/GSM-4L
System at low ambient temperatures.
(+60°F to -65°T).




SECTION I

AN/GSM - 44 SYSTEM

SUMMER OPERATION

A.  Existing Internal Conditions without Collective Protection Equipment.
B. Operating Conditions With Collective Protection Equipment.
C. Cooling Requirements With Alr Conditioning and Collective Protection

Equipment.




~ A. EXISTING INTERNAL CONDITIONS

1. A_.t the present time there are no provisions made or planned for air
conditioning the AN/GSM-44 System during summer ambient conditions.
Shelter and equipment coﬁllng are accomplished by forced ventilation
created by two exhaust. blowers located in the end wall of the shelter,
opposite the door. Air intake to the shelter is via of an opening in tho
shelter door. The exhaust blowers are rated at 756 cfm each (free
delivery), however it is obvious that the airflow restrictions imposed
by the door inlet filter, and "blackout” type louvers and sound muffling
covers over the blowers reduce the airflow to a value far below the free
delivery rating. It is estimated that a total‘ airflow of approximately
1000 ¢fm maximum will occur during the summer ventilation mode of
operation.

2. Figures | and Z are curve sheets plotted from calculated data, to filuc-
trate the shelter internal conditions at 125 ¥ and 100° F ambiert res-
pectively. Curve A on each figure representc the basic S-141/0 shelter
heat gain by means of transmission through the roof, walls, and floor.

It was assumed in the calculations that the shelter is standing in rhe sun

and subjected to éolar radiation, and that the overali heat transfer
coefficient of the shélte* (© fdctor) is 0.35 7'TU per(hour) (sq. ft.)
O temperature difference) .

When internal heat loads are dissipated into the shelter, Curves L and

C are obtained for the AN/CSM-44 operating under part load and fuli

load conditions, respectively. The internal lieat loads were calculated
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as follows:

PART LOAD (CURVE B) WATTS BTU/Hr.
Lights 210 715
Part of Test Equipment 550 1885
Occupants (Sensible Heat) --- __S00

TOTAL 3100

FULL LOAD (CURVE C)

All Test Equipment ' 1000 3400
Lights 210 715
Afr Compressor 550 1885
‘Occupan'cs {Sensible Heat) --- 500
TOTAL 6500 BTU/Hr.

Consequently curves A, B.‘ and C indicate the amount of ﬁeat which must
be removed from the shelter with and without internal heat dissipation
(personnel latent load aﬁd ventilation load omitted) to maintain various
temperatures inside the sheltefs.
The remaining cuxves on Pigures 1 and 2 provide an indication of the
amount of heat which can be picked up by ventilating air flowing through
the shelter. For this plot it was assumed that internal shelter temper-
ature would be a mean teﬁ\pernmre between inlet air and discharge air
conditions. At the point where the ventilation air curves intersect he
- cooling load -curves (A, B, and C), the cooling load (heat which must
be rerhoved) balances the amount of heat picked up by ventilation air.

Reading to the left, one can determine the average temperature in the




shelter to maintain this balance. PFor example on Figure 1 Curve C
intersects the 600 cfm exhaust blower curve at temperature of 131, 8 °p,
indicating that a 600 cfm airflow through the operating AN/GSM-44
shelter/system when moved by exhaust blowers will maintain that
average internal temperatuxe.

The enclosed Table I illustrates average internal temperatures to be
expected using the two exhaust blowers provided in the shelter. (Ref-
erence Figures 1 and 2). Also included in the table are veatilating air
inlet and outlet temperatures. It should be noted that personnel working
in the shelter could be subjected to a wide variety of temperatures
ranging from the inlet temperature to the discharge temperature. For
example if personnel happened to be near the air inlet, in a relatively
drafty location, they might be surrcunded by air at outside ambient
temperature. However if they happened to be out of the inlet draft and
are in a location subject to the heat from equipment, radiation from the
warm walls and ceiling, or near the exhaust blowers, the temperature
surrounding the personnel will be most probably between the average
(ME AN) temperature and the discharge temperature. Data for airflow
rates of 600 and 1000 cfm are most probably representative of condi-
tions to be expected in shelters without CPE,

From the data discussed above, it can be readily observed that personnel

working in the AN/GSM-44 gheltexrs are subjected to critical heat condi-

tions when the equipment is operating, and the outside ambient temperatures

arc 100°F and above.




. TABLE I
AN/GSM=4t, COOLING WITH SHELTER EXHAUST BLOWERS
Ambient Total Mr Avg Mr
CONDITION Mr AMrflow Inlet Internel Discharge
Temp. CFM Teup. Temp. Temp.
°p °p op °F
1. N/GSM-4L 100 1400 100 100.9 101.7
with no 100 1C00 100 101.2 102.3
Internal 100 600 100 101.6 103.1
Loeds 125 1400 125 125.9 126.8
125 1000 125 126.2 127.5
125 600 125 127.0 129.0
2.  AN/GSM-ily 100 1400 100 103 106
with full 100 1000 100 104.2 108.4
Internal 100 600 100 106.6 113.2
Loads 125 1400 125 128.1 131.3
(7500 BTU/Hr.) 125 1000 125 129.3 133.7
125 600 125 131.9 138.8
3.  AN/GSM-LJ, 100 1400 100 101.8 103.7
with Part 100 1000 100 102.4 105.2
loads 100 600 100 104.1 108.3
(3100 BTU/Hr.) 125 1400 125 126.9 128.9
125 1000 125 127.7 130.4
125 600 125 129.3 133.7




B'

Operating Conditions with Collective Protection Equipment

(Mo Air Conditioning).

1.

When a CB Filter Unit is used to ventilate shelters/aystems
such as the AN/GSM-4), the already critical internal
ﬁemperatures are not necessarily aided, even by large
volumes of circulating air, inasmuch os the Filter Unit
causes an increase in the temperature of air delivered

to the shelter. For example the HAC developed 400 cfm
Pilter Units (two models) have consistently caused 9 to
11°P temperature rise in the air stream because of the

pressure rise in the blower. These units have a higher
delivery prvssure than required for the system under study.

However, it was estimated that a new type high capacity
filter unit designed especlally for ventilating the subject
shelters would cause a temperature rise of approximately
6°F minimum.under full flow conditions.

Cooling conditions using ventilating air from a CB Filter
Unit are plotted also on Figures 1 and 2. Curves in both
figures show the cooling obtained with ventilation rates of
1800 cfm, 1400 cfu, 1000 cfm, and 600 cfm respectively. As
previously described, the point of intersection of these
curves with the shelter total cooling load curve occurs at
the average internal shelter temperature. Temperatures
expected in the shelters with a high capacity filter unit
are tabulated in Table II. Curves of Figures 1l and 2, and
data also tabulated in Table Il show temperatures expected
using 200 or 400 cfm of air fram HAC Filter Unit PN 1530300-100.




3.

As shown by the Figures and Tables, the internal temper—
atures of both shelters are generally raised several
degrees at comparable ambient conditions and internal
loads when using & CB Filter Unit for sumer cooling.
Previous comments of Section I-A regarding the actual
temperature of the air surrounding personnel also apply
to this mode of operation. The following conclusions are
» drawn:

a) With internal heat loads in the shelters, the
internal temperatures at ambients of 100°F or
above are excessive and 1t is highly unlikely
that operators could perform their mission for
more than short time periods, even with high

ventilation rates.

b) Use of the HAC 400 cfn unit for summer cooling
of the subjeect shelters is not practical except
at ambient temperatures below approximately
75°F, with the full rated output of the filter

unit passing through the shelter.

10



TABLE II

AN/GSM—i4ly COOLING WITH CB FILTER UNIT

Ambient Mrflow Mr Avg. AMr
CONDITION My - CPM Inlet Internal  Discharge
Temp. Temp. Temp. Temp.
OF OF OF 0?
1. AN/GSM-4l with no 100 1800 106 106.4 106.9
Internal Loads 100 1400 106 106.6 107.1
100 1000 106 106.8 107.6
100 600 106 107.3 108.5
125 1800 131 131.5 132.0
125 1400 131 131.6 132.2
125 1000 131 131.8 132.7
125 600 131 132.3 133.7
100 400 m 112.1 113.2
100 2200 11 112.8 14.7
125 400 136 137.2 138.4
2. AN/GSY-LL with 100 1800 106 107.2 108.5
pert Internal 100 1400 106 107.6 109.2
loads (3100 BTU/Hr.) 100 1000 106 108.2 110.4
100 600 106 109.6 13.1
125 - 1800 131 132.3 133.7
125 100 131 132.7 134.4
125 1000 131 133.3 135.7
125 00 131 134.7 138.5
100 400 111 115.3 119.7
100 200 11 118.6 126.2
125 400 136 140.6 5.2
3. AN/GSM-LJ with 100 1800 106 108.2 110.3
full loads 100 1400 106 108.7 111.4
(6500 BTU/Hr.) 100 1000 106 109.8 113.5
100 600 106 112.0 118.0
125 1800 131 133.3 135.5
125 1400 131 133.9 136.8
125 1000 131 135.0 139.0
125 670 131 137.3 143.7
100 LOO 111 119.0 127.0
100 200 111 125.0 139.0
125 400 136 .3 152.6




C. Cooling Requirements Viith Air Conditioning And Collective
Protection Fquipment

1.

If air conditioning equipment is used to maintain reasonable
internal temperatures in the AN/GSM-44 Shelters while operat-
ing -at high ambient temperatures, the CB Filter Unit will
then be siged to satisfy only the system ventilation or air
leakage requirements of the shelter and CPE System, and to
furnish adaquate scavenge air to the Protective Intrance.
These systems can be arranged quite similarly to those
previously developed for the /N/TS=38 and RTS Shelteru in
which appradmately 150 c¢fin of air fram the 400 c¢fm CB
Filter Unit is ducted directly to the air conditioner, and
approximately 250 cfm of air bypasseos the shelter air
circulating/cooling system and flows direetly fram the

Pilter Unit to the Protective Futrance.

Calculations have been made of the amount of cooling required
to maintain a maximum average temperature of 85'F in the
subject shelters when operating in extremely hot desert con-
ditions of 125"F db and 90'F erfective temperature (75°F wb),
and sumer hwnid conditions of 100'F db and 90 F effective
temperature (86°F wb), with 150 cfm of makeup air supplied
by a CB Filter Unit. Results are included in Table III.

The humld condition cooling requirement is slightly higher

than that at hot desert conditions. However, in selection

of an air conditioner it is generally found that the hot



desert condition requirement is .::s governing factor, as a
unit which will meet this requi ‘ciient will usually exceed
the humid condition requirement.

The data of Table III indicates that a unit capable of two
tons refrigeration (24000 BTU/Hr.) at the hot-desert
ambient conditions, with 85°F return air, would suffice
for AN/GSM-L4l, shelters when operating with Collective
Protection Equipment. Without Coll~ctive Protection
Fquipment, over 0.5 ton refrigeration (6000 BTU/Hr) could
be deducted from the air conditioning requirement because
of the reduced ventilation rates and lower vent air inlet

temperatures.

Best Available Copy




TABLE III

COOLING REQUIREMENTS OF AN/GSM-4) SHELTER
WITH COLLECTIVE PROTECTION BQUIPMENT

CONTRIBUTION TO

COCLING 10AD : COOLING LOAD

Desert Humid
Condition Condition
125°F db 100°F db
75°F wb 86°F wb

Roof, Wall, Floor Heat BTU/Hr. BTU/Hr.

Transmission -(Including 7750 1,500

Solar Radiation)

Occupants (2) 1000 1000

Test Iquipment, Air

Compressor and Lights 6000 6000

Ventilation (Maximm Air
Leekage of 150 cfm at
Internal Density, and 7900 15100
Supplied at 10°F above
Ambient Temperature).

TOTAL 22650 26600
% SENSIBLE HEAT 97.8 71.0
NOTES: 1. Based on use of Air Conditioner which recirculates all

air except that lost by CPE Shelter/System leakage.

2. Assumed: That average internal temperaturs is 85°F,

and return air and air lost by leakage is approxdmately
85°F. Also assumed air density at internal conditions.
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SECTION II
AN/GSM-L4y SYSTEM

WINTER OPERATION

A. Edsting Internal Conditions Without
Collective Protection.

B. Cperating Conditions with Collective
Protection Equipment and Existing
Heating Units,

C. Heating Requirements with Collective
Protection Equipment.




A. Existing Internal Conditions Without Collective Protection Fquipment.

1.

Calculations have been made for the heat losses of S-141/G
Shelters which house the AN/GSM-L) Systems. Data has been
plotted on Figure 3 to show heat losses at various ambient
temperatures, at ventilation rates of 0, 20, and 4O cfm
(outeide densities). This figure can be used in two manners.
First, it can be used to determine a heating requirement if
the ambient tempersture and ventilation rate are known.
Secondly it can be used to estimate internal temperatures

of the shelter at various ambients 1f the heat input is
nown.

Curve Sheet Figure L was made to show internal conditions of
the subject shelters at various amblents and equipment operat-
ing conditions, assuming that ventilation air is maintained

at 20 cfm, which is less than the minimum recommended for two
persons. Data in Table IV, as taken from Figure 4, indicates
that the shelters with test equipment not operating are in-
sufficiently heated at amblient temperatures of ~20°F or lower.
With test equipment operating,the ambient temperature can
decrease to -L0°F before temperatures could be termed critical
for the inside. The expression "ok" in the table indicates
that temperatures above (O“F can be maintained in the shelter,
and at these conditions, temperature control of the shelter
can be accomplished by shutting off the heater intermittently
and/or by increasing the intake of ventilating air into the
shelter.

16



EF I A . h.v(.;.). o4 B ! Co : 1 i ¢ . T
o i L S . : : : 1 : ! . ;
) o fTUIZ g N1 g . . ‘ M i T i o

A7 oMLY IH HILINS L
& gl 2 o gt

32

I
N
N
o
O
(Al
A8
9

. - i H H
: Co R P
: ; ; ! i 0 s It e}
A . . . P S S i : "“ : ! M
. : - - »\ e ; B _
: { P . R e T e |
- —— .- - - : 4 . i .
L O 5 W ; : ' y
H i Ed v ; ([
: . i t \\\ R : I T
i ; : e A . et ; 1 i
i e e - . R B I 0 S e i
- - pau .L..IHV!J. Iclv\.ﬂ. - . N I : A
F o : i . . i ; T 1 : : )
AT iy IR VRN T, s : ) 4 B Py PR : i : qu
. s A N A D
I e S W W TS T O 5 S el . - . . . P S < A <
TN IS Ny BN e 7 A1°:
v

W o o

. —

. t A . : N A
L . g SO S NPT, . - ~ A ; 14
g —GY

5 ST IER SR PN B s Y

3

b
o
\
A
\\
\
!
\\ ¢
i
I N
N
{
b
D
-

. ¥ + A : P4 : S -
- e - TR NSt N, S0 ! ! :
N g o Lt NDE IS Ca I Bk et ity Bt el Muliend
. R . . X . SO O P~ N 3 i A s : i S - m
- \ SR b ! - N o
. S . R L TEE SETTICIN (U S R SRR SIS U IO At i
- - ; PRt i i A - Ry BEIE It e
s . .. B et NS § 4l . Y o xv ! i i ,V
- ‘ C . PR ] - P : L =
3 2E . . H b - L IR
. gt ; . . HEN X Sl 1SN SIS SUNNCINI IS SO S ST
I o , : o - I N Ny '
TR0 rystdrya T Sl - P Y e T FRER 1 < -4 .
= 2+ LHETENS Tre a0F LRI ol T e e [ 2 i
L % - . . A - i ) <
. o , e T ; PR | 1
- - ! . . ‘ M . - m 3
- »” - . . . ¢ - b .NU
: : - I BRI A ST SR & .
. ;s e P =+ 33
1 - - Ll R <% o .y
S i o ORI T H S TS
S s R S P Es)
- R 3 —Im

v
i
)

i

]

t

H

i

| , ” W

A N - - . - . . - - - . . -. . ..y‘ ,v «
1

!

i

; : , . ) ; : i
: . , . : _ . . . . : . ' i : , , R —ae-
L L T & zoﬁd,wc.zm? VICWINTA R ‘L_-
B - - o . . L O SNCHLIONTD .sz.ms..ixmm_.v:?, Ty T At B R HE
. , e S £ Ao LA , : : : S R BN :
: Do : IUPJ,.“IU ,Un\:w:um I S ced e b el ede
- . S A L N S 4 i




zdcun > 7 R T o , ‘ T T T « H W
AT ; ) . , SR . ; i
L os-%\ﬁ.m o o
T | o . ‘ CoQT ONIELY3IH muzuxm : i
c i %2 i ke . 22 G2 €t Sl q_ 2 1o )
B | H : N . LT ; ] T Jm :
- : ” u . H : w . . ‘ e S
i P i ; i _ b
SR - - : I S R o Ir Ty .
HE R S B L
‘ ! : ' ot ,m.“: N 1 3w
‘I‘..'I.H e — —-———-e b it e ‘Mll - H : ” - )
v ‘ ol : * :
! ] o i P o
T BE TR T : - IR s St e
’ _ v mbzrwm‘qwu.{un?uJJ)i . A : , : R W i \ =
i : . : : . ' ! P2

{eppp! ma,m_um% CERCUL R B R

.

e =y ..314»1?.. S ieer e e e cemempen - e T

T i .
. . : : ; ' ' et “_ Ay -4 et

]

——-d

i .
-
«X

.

e e e SO SN B N \ i
' 1 . Pa p wmhv

; - * o P Vi o w\ ~emd |
et~ . . e - : RS G, D R B g i
: -~ - i " . \wv\\ 3 . \x\ A

* : R SR St B N - S AN S i
N o ) L . < T I T o - u P
: X - T M-\rm\wd.ll T - s —

. : o - LAY A L | FR ey o N Aot
4! - . 2 i A W p e R SR

.ol-lldomhul‘ % Au.!:'.H. - P \LI\v\ . — e - - . ”\4.‘.‘_!.&*\ . \\\ 25 ” -~ . A=y
SdiNgd l N= mw..\.a< R o S o 0p- - &M.M.u,\\.*m. I ‘..QW...“W‘ i L .\\..Qw A R
O SR SR - < - <. b L..P\.\x : s y i ,M
R A S e S T e e ™

H D ; . Lo s - e IS T, iy

: LT e LA AP . - D

; . ; ' P g

Tt e e S e e e e “lms s SRTu JOX . e —- - V
L.

”_..Jm

“ ..U du‘\ oL \q( “..u“.,,\.l JTU«.MH Lz Jk. \3 o 7 B : wle ...m.: ¥

L !It.ﬁ. B |<A ! I.Fﬁ\_\ lx.» o R N T S - g i IQT Ilm‘ . - .- lnm u“m“ . _

: 4 A S : _ i : _ o

| Lo Lo N..:\w.& oo v.\C. 2 \,,, : h H ﬂJ n xxw ,Q HisaEERNE. T

B ey N R | SLIIEA e DTN LT Y 21 /i %= B ! S

) : . ) EXILSEH L0+ 7 = st.h kmw. m\dQu ..m .hm\mlxr‘ . T

.h . . - . ,, . M .- H M- PR P ” reevte - .“..

i o . : [ , Yy zQ.SJ: NSA PIOCGNINGPE -y Vo

O O S SR _SNGLLIONDD ‘.zu.m:q _Hirm? P

e =D N v Tu ~i_ S mu\_v_- b L

SR oo : g
| : , : , S J—




TABLE IV
AN/GSM-4l, INTERNAL TEMPERATURES

(Without CPE )

Ambient Internal
Condition Temperature Temperature
°F °F
1. AN/GSM-Ll Shelter with heaters +40 ok
and lights on, but no other 0 ok
equipment operating. (3.0 KW -20 53
heat.,, 160 W 1lights, and 2
occupants @ 11250 BTU/Mr. ). e 3
2. Same as above with 1.0 KW -20 ok
test equipment added. =40 53
(14660 BTU/Hr. Total) =65 27

NOTES: 1. "ok" indicates that & temperature of 60°F or above
can be maintained in the shelter.

2. JAssumed ventilation rete of 20 cfm at outside
densities.
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B. COperating Conditions with Collective Protection Fquipment
and Fxisting Heaters.

1. The effect of increasing the S-141/G Shelter ventilation
air flow rate at low ambient temperatures is illustrated
by Figure 5. Data for this figure was calculated assun-
ing that the flow rate (and air density) are at sea
level outside ambient conditions, and the air is heated
approximately 8°F by the Filter Unit. This figure can
also be used in the two manners described in Section
II A. The figure demonstrates that for winter opera-
tions the shelter heating requirements are minimm
when the ventilation rate is held to the miaimum. Heat
inputs to the shelters under various operating condi-
tions are plotted on a similar curve sheet, Figure 6.

2.. The data on Table V was derived assuming that an air
leakage rate of 100 c¢fm maximum can be maintained in
the shelters when pressuriged by (PE. The data indi-
cates that the subject shelters will be insufficiently
heated at ambient temperatures of O°F and below when

no test equipment is operating.
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TABIE V
AN/GSH-M INTERNAL TEMPERATURES
(Using CB Filter Unit)

Amblent Internal

Condition Temperature Temperature
°F °F
1. AN/GSM-44 Shelter, with +40 ok
heaters and lights on buti +, ok
no other equipment operat- 0 L8
ing. (11250 BTU/ilr. Heat -40 +6
Input) ~65 -19

2. Same as above, with 1.0 KV 0 61 (ak)

Test Equipment operating =20 L1
(14660 BTU/Hr. Heat Input) -40 120
| ~65 ~7

}ssumed: Ventilation rate of 100 CFM (outside densities)
with air heated 8°F by Filter Unit.




C. Heating Requirement With Collective Protection Equipment.

1.

The heating requirement of the S-141/G shelters is
increased considerably when Collective Protection
Equipment is added and the ventilation rete is in-
creased. For example at -65°F ambient without CPE
(ventilation rate of 20 e¢fm), the heating require-
ment for 60°F inside temperature is 19900 BTU/Hr.
With CPE and a ventilation rate of 100 cfm, the
heating requirement will be 33000 BTU/Hr., an in-
croase of 664. If an air leakage of 50 c¢fm could
be obtained by carcful sealing of the shelter, the
heating requirement would then be reduced to

24,500 BTU/Hr. at -65°F outside ambient and +60°F
inside. This is still an increase of 23% over the
requirement without CPE.

So that the Al/GSM-4l Systems can be adequately
heated when test equipment is not in use, it is
reconmended that heating units with the following
capacities be provlided when Collective Protection
Tquipment is used with the subject shelters:

For fmbients Dowm To -40°F -

Heater(s) with output of 25500 JTU/Hr.
(7.5 KW if electrical)

For Ambients Down To ~-65°F «~
Heater(s) with output of 33000 BTU/Hr.
(9.67 KW if electrical).




APPROACHES FOR SATISFACTORY SHELTER INTERNAL CONDITIONS AT SUMMER

SECTICN IIX

AND WINTER AMBIENT EXTHREMES.

’ 8

B.

C.

D.

400 CFM CB Filter Unit with Awdliary Heating-Cooling.

High Capscity Filter Unit - with P. E. scavenge air
routed through shelter.

High Capacity Filter Unit - with P. E. scavenge air
bypassing shelter, and heat supplied to shelter.

High Capacity Filter Unit - with P, E. scavenge air
bypassing shelter. (No auxiliary heating).

400 CFM Pilter Init.

25

34

39

47
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SECTION III
APPROACHES FOR SATISFACTORY SHFIIER INTERNAL CONDITIONS AT SUMMER ANMD

WINTER AMBIENT EXTREMES

1.

From the data presented and discussed in Sections I amd II it is obvious
that the M/GSM—M Systems with or without Collective Protection Bquip-
ment should be provided additional heating - cooling equipment. This
is necessary for maintaining reasonsble and satisfactory internel
temperatures vhen operating at ambient temperature extremes below
-20°F and sbove 100°F. Temperatures in the range of 60°F minimm
(during winter) to 85°F maximm (during summer) would allow personnel
assigned to the AN/GSM-U4 to perform their mission of servicing and
checkout of complex electronic equipment with best efficiency. To
maintain these temperatures while using a Collective Protection
System will require slightly higher capacity heating end cooling
units than required without CPE.

Outlined and illustrated in the following discussions are approaches
vhich could be used while providing Collective Protection to the
AR/GSM-4%, oOnly the first approach is termed satisfactory for all
ambient temperature extremes. Two other approaches would give
reasonable working conditions &t all ambients except above approxi-
mately 85°F ambient tempersture, and are recommended for use only
with limitations on usage within the ambient temperature range of
-65°F to +85°F. The last two approaches are very limited and not
recommended by HAC in view of the ambient temperature limitations.




APPROACH A

400 CPN CB FIIZER UKIT WITH AUXILIARY HEATING - COOLING

Reference: FMgure 7

DESCRIFTION

1.

2.

This approach employs a cooling-heating unit (herein called
"Fhe Unit"), which recirculates all air except that which is
lost by air leakage (or minimum ventilation requirements).

The unit employs CB Filter Unit components which filter the
makeup and P.E, scavenge air ard supply it at a pressure
suiteble for maintaining all areas of the sheiter/CPE/air
circulating system at a suitable pressure (0.5 inches w.g.
rdnimon) higher than atmospheric pressure. C.B. Filter Unit
coxponents of a nominal LOO CMM capacity will suffice.
Approximately 150 cfm of filtered air is ducted directly to
the circulating dlower inlet chaxber, and 200 cfm is delivered
to the Protective Entrance via an externel duct.

The cooling capacity of the Unit, if comsidering only the
AN/GBM-U4 System, should be a minimm of 2 tons refrigeration
vhen rated at 125°F ambient with 85°F return air and 100 percent
sensible heat. However, usage of a 3 ton unit (36000 BTU/Er.)
vill emable this unit to also support the AN/MRC-69, and usoge
of & 3.75 to 4.0 ton untt (45000 ¥rU/mr.) would extend the

capeeity range to also support the AN/GS8S-1 System.
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3.

Beating capacity of the unit should be-a minimm of 33000 BTU/Er.
(spproximately 10 RW) if all heating of the system 15 accomplished
without the use of the heatere provided in the shelters. This
approach is recommended in ordexr to provide the most practical
methods of system operation and temperatu ¢ control. Bowever,

1f the shelter internal heaters are utilized the heating capacity
of the Unit could dbe reduced by the amount available in the
shelters. The heating capacity recomended above will support
the AN/GBS-1, Al/GSS-7, AN/GSM-4h, AN/MRC-69 and AN/MRC-T3
Systems, and possibly others lacking the proper equipment.

EQUIPMENT OPTIORS

1.

The Unit can be of two types, elther a set of components
integrated into one common eaclosure, or & cambination of

an existing CB Pllter Unit and an availadble alr conditioncr-
heater mounted on a common ckid, utility trailer, or truck
chassis. The first unlt configuration would have the advanteges
of lower manufacturing cost and a less cumbersome overall
Packege. If the seocomd configuration is utilized, it is
recomended that operating conmtrols of the air conditioner,
heater, and CB Filter Unit be consolidated into a cormon
Control Box for use inside the sheiter, in order to simplify
cabling which must pass through the shelter wall from the Unit

to the control area, and to conserve space inside the shelter.




2.

In order to movide the best possible scavanging of contaminants
from the protective emtrance, amd to assist in personnel
decontsmination therein, BAC recommends that air to the
protective entrance be heated during severe winter operations
of the CPE system. Approach A does not psas protective enmtrance
air through the shelter inasmuch as the cooling requirement for
sumeer operation would be greatly increased, and protective
entrance coeling is deemed unnecessary. Heating the 200 cfm

of scavenge air would require a capacity of 50,000 BFU/Rr.
(14.65 XW) to deliver air st slightly above 100°F embient.

Fower for the Unit could be furnished from an external

gource if an all electric configurstion is selected, Mowever,
it would be poseible ard practicel to develop an engine driven
unit which ic completely self contained and requires no external
power. The engine driven configuration would utilize a liquid
fuel burning heater (or possibly exhaust heet exchanger), and
direct or low tempersture belt drive of the blowers and other
rotating components (no motors). A heavy duty direct driven
generator would be utilized to furnish power for battery charging
and controls used throughout the unit,

The Unit can be asserbled on a skid., However, for optimm
transportation of the Unit, all aseociated CPE accessories,

and. the Protective Entrance, HAC recommends mounting all
equipment and sterage provisicns on an integral chasgis or a
Covermment furnished vehicle, utility trailer, or emall truck.

3C



5. The nev type conbination unit (first configuration of Parsgraph 1
above), can be developed with one additional feature used
previously in BAC developed air comditionsrs for AN/MBQR-18
and AN/TEQ-38 Systems - that of cooling (with temperature
control) without refrigeration vhen ambient temperatures are
belov approximately 65°F. This feature concerves power and
equipment, and can be. used when CB protection is not required.
Texperature control is achieved automatically by mixing of
heated recurn alyr and cold fresh ambient air in proper and
various proportions to achieve the dasired Unit delivery

texperature.

CORTROL OF SYSTEM

1. The CPE System supperted by the Unit of Approach A will Le
operated from inside the shelter by & Control Box serving
the various units.

2. An automatic demper will regulate the Filter Unit air delivery
to maintain the system prezoure within the required limits.
Alsoc manual damper(s) will be provided to establish proper
balance of the flows and pressures to the shelier end

Protactive Eatrance.

FOWER REQUIREMENTS

1. The estimsated power requirememts of the thit, if all electric,

31



1.

32

are approximately as shown on Table VI. Preliminary power
requirements of an engine driven Unit are also shown, based
upon the assumption that heaters used with this type unit will

be of the liquid fuel burning or exhaust heat exchanger type.

ADVANTAGES (APPRCACH A)

Thie approach provides complete Collective Protection and en-
vironmental control of shelters/systems which have insufficient
cooling-heating equipment originally installed, at all ambient
temperature extremes.

With equipment of this approach afforded proper mohility, the
transportation of the complete CPE - environmentel control
system will be greatly enhanced.

With proper arrangement of controls, system setup and equip-
ment operational requirements of the assigned personnel will
be minipdzed.

The self contcined‘configuration of the Unit described above
will eliminate requirements for higher capacity generators
when features of environmentel control and Collective Pro-
tection are added to defense subsystems such as the AN/GSM-LL

and other referenced herein.




33

TABLE VI
POMER RRQUIRRMERTS FOR APFROACH "A" UNIT

WINTER SUMMER
COMPONENT'S HEATING MODL COOLING MODE

A. JYor Conventional 3 ph, 60 cpe Components:

CB Filter Unit Blovier 2.0 XW 1.85 xw
Cooling System ' - 9.25 KW
(4 Ton Refrig. capacity - (Maxd mm)
including circulating blower)
HBeating - To Shelter Only 10.0 XW -
TOTAL 12,0 K4 11.1 KW
OPTIONAL:
Added for Beating Bcavenge
Alr to the Protective Entrance 1,65 KW -
OPTTONAL, TOTAL 26.65 KW 1.1 KW

B. Yor Light Weight LOO cps Components and Compect Hent Exchangers

In Alyr Conxditioner:

Add to above: 0.5 KW 5.25 KW
TOTAL 12,5 XW 16.35 KW
OPTIONAL TOTAL 27.15 16.35 KW

C. JYor Engine Driven Componants:

Mlter Unit Blover 2.5 BHP 2.2 BHP
Circulating Blover 1.0 BHP 1.0 BHP
Refrigeration System - 8.25 BHP
Equipment Drives 2.0 1.5
Generator 1.0 BHP 1.0 BEP

POTAL 6.5 BHP 13.95 BHP




APPROACH B~

ETGH. CAPACTTY FILTFR UNIT - wm P. E. SCAVENGE ATR ROVTED
mnmwa SHELI'ER

Refercnce: Figu.re 8

DESCRIFTION |
1. approswk B employs a high capacity CB Pilter Unit of 1200 to
2.00. cfm capacity which debl_i've.rs all filtered air to the
shelter. ALy ciroulatihg through the ‘shselfer is discharged
| to the outside by two routes:
a) Appraximately 200 CFM is drawn from the shelter a.nd 18
dali&e;red via a duct to the top of the Protective

Eﬁtrancé for sccwéoging .

b) The remaining air is dischargsd to the outelde bhrough
a mamually regulated exhaust air controuer @ (a variable
damper anl enti backiraft valve),

Best Available Copy
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2.

3.

This Filter Unit utilizes an eutometic damper system to
regulate pressure inside the shelter within prescribed limits,
and with constaut pressure in the shelter, airflow to the
Protective Entrance will remein falrly constant once the mamial
damper ip the P. E. duct 18 adjusted for correct flow,

The Approach "B" Filter Unit must have a heeter to replace or
asaist shelter heaters in miintaindng reasoneble temperatures
during winter ambients. A heating capacity of 67000 PFIVU/mr
(19.65KW) is required to maintain 60°F inside the shelter

vhen 300 CPM of air is delivered by the ?ilter Unit, and no
Internal heating eqtdpmeﬁt or electrical equipment i3 operating.
At -659F ambiemt the 300 CPM of air will be delivered to the

shelter at spproximately 98°F to maintain GOOF inside.

BQUIPMENT OPTIONS

The options (3 and 4) described for Approach "A" relative to

power supply and transportetion also apply to Approach "B".

CONTROL OF SYSTEM

1.

This approach operates on the concept that the entomatic damper
in the Mlter Unlt will maintain a constant pressﬁre in the
shelter regardless of the alr discharge rate through exhaust
controller @.

POWER REQUIREMEWIS

1.

Folloving is an estimate of electriczal power required for

Appronch kB H




2.

3.

—

Conpponent ~ Winter Heating Mode Bummer Cooling Mode
Blower |
300 CFM : 2.5 KW : ,
2000 CFM 7.5 KW (max)
Heater | ‘ 20.0 KW ' lione
Total 22.5 1 | 7.5 KW

If an engine is utilized to drive thic unit, approximately 8.5 Bhp

are required winter or summer, with a liquid fuel burning heater.

For 1600 and 1200 CFM CB Filter Units, decrease summer cooling

mode power requiremente by 1.75 &nd 3.5 KW respactively.

ADVANTAGES (Approuch B)

1.

2.

3.

Simplicity of controls, mbstfly mumal, could be provided with
this dpp'oach. |

In the o'mmer operating mode, airflow tm'bugh the sheltef is at
maxcipum, for lowest interual tewperatures. Wim,p;inodc reduction
of airﬂowﬁoco ot cause systew unbalence relati*mi‘bo the |
Trotective Eutrance prescure,

The Protectivu Entramce is partlally heated, for improvléd
Scé:yengirxg and écrsomwl decontaminstion. Ar vill enter

the Protective Entrance at a minfmum of appmximtely' 60°F,

and therefore impart same heat to the F.kE. chambers.




DISADVANTAGES (Aprosch B)
1. This epproach requires a higher capacity hester than Approach A
unless the Protective Eﬁtra.nce heating option of /pproach A
is utilized_. This apprbach' also requifes;' a higheir heating
c&pacity than Approﬁch C to be discuseed later herein.
Thti apfrroagh provides no firm control or redﬁction of
internal shelter temperature at high arbient temperatures
to reaaonabie values,
3. During amr op_eration'the air routed to tﬁe Protective PFntrance
vill be heated more than it would be if ducted directly to the
P 4E. Por example: _ | - |
2000 CFM Unit - 4.5°F

1600 CFM Unit - 6°F

1200 CPM Uit - 8°F

800 CFM Unit = 129F
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APPROACH C

HIGH CAPACITY FIITER UNIT - WITH P.E. SCAVENGE AIR BYPASSING
SHELTER

Reference: Pigure 9

DESCRIPTION
1. Approach C utilizes the samc equipment as Approach B

with the following exceptions:

a) The 200 efm of ecavenge air 1s ducted directly from the
Filter Unit to the Protective Entrance, and therefore
bypassee the shelter at all times.

b) The heater employed for air delivered to the shelter
18 lower capacity inasmuch as only approximately 100 cfm
of alr heating is required ‘during winter operations.
Required hoater capacity is 25,500 BTU/Rr (7.5 EW).

EQUIPMERT OPTIONS
1. Options 2, 3 and U4 of Approach A relative to P.E. heating,

pover supply, and transportation also apply to Approach C.

CONTROL OF SYSTEM

1. Temperature control {nside the shelter is accomplished in the

same manner described for Approach B.
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2.

This approach will require additional control of airflow and
pressure to the Protective Butrance, because of the change

in pressure drop of the shelter air delivery duct and fittings
ag flov rate varies from 100 to 1800 CPM. With constant
shelter pressure the Filter Unit outlet plenum pressure

will decrease as ventilation air rate is reduced, am
therefore there will be less air delivered to the Protective
Entrance duwring winter operations unless some form of control
is provided. Two solutions exist for providing the control,

as follows:

a) One approach would be to provide a volume flow regulator
in the duct to the Protective Entrance to keep airflow ratec

relatively constant regardless of Filter Unit plemum pressure.

b) The alternczte approach would utilize an automatic demper,
vhich responds to P.E. internal pressure, in the duct or Milter
Uit outlet movided for the Protective Entrance. This method
-wlll also keep airflow to the P.E. nearly comstant.

POWER REQUIREMENTS

1,

Following i{s an estimate of elsctrical pover required for

Approach C:




Winter Summer

Corporent ‘ : Heating Mode Cooling Mode
Blower
300 CPM 2.5 KW

2000 CFM T.5 EW
Heater T.5 KW -
TOTAL 10.0 Xw T.5 KW
Optionsl: P.E. Deuting - 14,65 -
OPTIONAL TOTAL 24,65 Xw TeS KW

2. If engine power is utilized, requirements are essemtially the
came as Approach B.
3. For 1600 and 1200 CPM CB Filter Unmits, decrease sumer cooling

mode power requirements by 1.75 and 3.5 KW respectively.

ADVANYAGES (Approach C)
1. This appronch requires the lowest capacity heating equipment
for winter operation, unlecs heat {5 previded for the Protective

Entrance at low amblent temperatures.,

DISADV/NTAGES (Approach C)

l. Approach C docs not reduce the critical sunmertime operating

tomperature inside the shelter to reasonable values.




2.

This approach reguires addi{tional equipment (over Apmoach B)
for mintaining system balance betwean the shelter and P.F.

as ventilation rate is varied. (See COMIROL OF SYSTEM above.)
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APPROACH D
HIGH CAPACITY FIINER UNIT - WITH P, E., SCAVENGE AIR BYPASSING
SHELTER « MO AUXILIARY HEATING

Reference: Figure 10
DESCRIPTION

1. Same 28 Approach C except no heat is provided by the Pliter
Unit.

BQUITMENT OPTIORS

1. Options 3 and ' of Approach A relative tc power supply end
transportation also apply to Approech D.

CORIROL OF SYSTEM

1. Samc as Approach C.

FOWER REQUIREMENTS

1. Approach D utilizes power only for the blover and controls
and would therefore be approximately 7.5 KW,or 8.5 Bhp
(maximum for the summer mode). For 1600 and 1200 CFM CB
Filter Units, power requirements will be approximately 5.75

and 4.0 KW respectively.

ADVANTAGES
1. Approach D has the lowest power requirements of the approaches

described herein for high capacity Filter Units.
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DIBADVANPAGES

l. Ayproach D furndshes no control of internal shelter temperature,
either in winter or sumer =ssbient temperature extremes.
Therefore the range of axbient temperatures through which
reasoneble intermel shelter temperatures can be maintained
in the Al/GBM-Li shelter will be from approximately 0°F to
+85°%F unless additional heating-cooling 1s provided in the
AN/CSM=-4s Shelter,

2. Same as disadvumtege 2 of Approach C.
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APPROACH E

k30 CFM FILTER UNIT - NO AUXILIARY HEAPING-COOLING

Reference: Pigure 11,

IRSCRIPTTON
This approach utilizes the existing 40O CFM HAC Filter Unit

1530300-100, For summertime operation the entire output of

the Filter Unlt is delivered to the shelter, and aprroximataly
200 cfm of air is drawn from the shelter and routed to the
Kotective Entrance for scavenglng purposes. For winter operation
the ducting is changed to bypase the P.E. scavenge alr around the
shelter and maintein filtered air input to the shelter at a

mnimm,

EQUIXMENT OPTIONS

CONTROL OF CYSTEM

1. The Filter Unit automatic damper will be connected to regulate
pressure inside the shelter to prescrided limits.

2. In switching from winter to summer operation and vise verse the

duct arrangement will be changed and the system will be rebalenced

to establish proper flow rates and pressures.

L7
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FOWER REQUIREMENTS

1530300-100 Filter Uit - 1.9 KW (208 ¥, 3ph, 60 cpe.)

ADVANT AGES
1. Lowv power reguirements.
2. Equipment can be made quickly availeble for furnishing interim

CPE support to the AN/GSM-U4 Bhelter-,

DIBADVARTAGES

l. BExtreme interncl shelter temperatures will exist in the shelter
end Protective Entrance under summer operating conditions. The

following 18 expected:

100°F 125°F
Ambient Ambient
Alr Inlet Temp ‘
To Shelter oF 111 136

Average Internal

Tcmp- OF JJ.9 1%.3
(Mean Between

Inlet and Outlet)

Discharge Alr Temp.
(Al20 Temp of Alr 127 152
to Prot. Entrance)¢F
2. wWinter operaticn beating is insdequate. The folloving temperatures

axe expected:

Arbient Ixternal
Terp. Permp.
Oy op
0 48
40 +6

=65 =19
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NOTE: As a result of 1 ad 2 above, use of this approach is

‘recommended for ambient temperatures from approximately

0°® to T5°F.

3. The AN/GSM-44 System presently requives only single phase pover
115 V - O cps. Latest information at HAC indicates that
generaters available for the AN/GSM-44 have 3 phase powar
capability, but 1t ie not koown whether the generators can
supply 3 phase power to & Filter Unit and single phace power
to the AN/GSM-4l simultaneously. If this 1s possible, u special
povar aoble would be required to conduct power from the genmsrator -
through the shelter Jjunction panel to the comtrol box inside.

If the genevator camnot be used in this manner, eithor an
additional gensretor must be yrovided or a 60 cps cinmgle

phase CB Pllter Unit would be reqguired.




,47,5 5

OAHé‘

;' \%/00 LS A LEQiA G

5C

A
A&

L

(a-mz Y

\.&

. PO C

) S

~ A

—t— ALAN AL EXRLAUS T
ST A/ conTEOLLER
SOO iy

Lo CFr
-

pr=—y

T

PLESSUEE /—‘ I
JECSE ADLE

VL TEL T

~ <//~’/M

e

DA '74 TrON

J,/P: 0.8 720 /0

NC EXii /5T Ak

T
1
{
NN “ NcovEs FATE
N \]\__; ///\ SN
- et
< /)L ) ¢ /c/l/ '
- ..
eossy e | ST =L
. L4 wir”
/) <2 zpf"fé-fﬂ/f’ér/\'//&/?/«'f} s
LN TEE OSECATION
LSE o Sy DSAY SLTEE AT
/.’.‘." 5 //‘L'f //




BECTION IV

BECOMEIDATIONS

1.

3.

In the interest of providing sultable work'ng envirommants

in all shelters comprising & part of the AN/MSG-l} Anti Alrcraft
Defense System, Hughes Alrcraft Company can recommend only
Approach A diccussed herein for the AN/GSM-W+ System while
using Collective Protection Equipment, unless the Geveriment
furnmishes adequate heating-cooling-power supply equlpment

to enable usage of the 400 cfm CPE systems recently developed

for other AN/M3G-h System veahicles and shelters.

Date presented herein ic furniched for Govermment consideration
and artion. Hughes Alrcruft Company stands ready to furnish
engineering consultation on data and approaches contalned
herein, and rccormends that the exieting contract be extended
to cover additlional detalled dosign study (to establieh firm
equipment configurctions and sizes) and firm proposals on

approcches of interest to the Government.

With respect to nakdng  recormendation on the exact capacity
of a high capacity Filter Unit for use with the AN/GOM-Lb
System, HAC 18 reluctant to do co without alditional stuly.
It 15 moted that the average shelter temperature of the

AN/cSM-idh 1o reduced only 2°F by increasing vemtilation rate

51
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from 1000 CFM to 1800 CFM, (In the AN/MRC~69 System the
corresponding temperaturs redustion is approximately 3.5°R).

On the other hand, the increase in ventilation rats would
increase equipment sizes, weights, and blower power requirements
ir. nearly direct proportion. The fact still remains that in-
ternal temperature conditiona with a high capacity filter

unit are too high.

Inasmuch as the AN/GSM-LJ,, AN/GSS-1, AN/GSS-7, AN/MRC-69, and
AN/MRC-73 Systems all have this same common problem, it is
recommended that consideration for the final approach be
directed toward solving this major problem for all systems

referenced, and thoae yet to come.

e e e ———————e A oo S e o e -




