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FOREWORD

It is essential that environmental control requirements be,considered in
conjunction with the planning for all other equipment to be installed in a
shelter. Just two important examples of this are: planning the use of
shelter space that the ECU and ducting must share with operational equipment
and the need to assure compatibility of demands for electrical power for the
ECU and other equipment in terms of voltage, phase, and frequency.

This handbook is intended to assist with the proper inclusion of
environmental control considerations in overall shelter,utilization planning
by providing a quick and easy method of estimating cooling. and heating

requirements and selecting from the military standard environmental control
units the unit most suited to the purpose;
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CHAPTER 1

INTRODUCTION
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1.

1

1.1 Inproduction. This handbook provides the non-heating and air
conditioning engineer basic information needed to determine cooling and
heating equipment requirements for standard military shelters.

1.2 SGQ12Q. The content addresses procedures for determining the type and
size of environmental control units (ECU) required, methods for installing
ECU’s, and distribution of conditioned air in shelters. Nuclear, biological,
and chemical (NBC) equipment and its use with the ECU and steps that might
help the ECU to survive and function in an NBC environment are also addressed
briefly.

1.3 General narameter~. Coverage of the handbook is defined by:

Shalt KS Cme o idered. The Standard Family of Tactical Shelters
(app~ndix A, reference 15) was used to determine ECU requirements. Table I
includes examples covering a representative range of sizes and structural
types of shelters extracted from reference 15.

b. jj&~’S c On&l“dered. Only standard military compact ECU’s, four Navy
adaptations of commercial ECU’s and an Air Force ECU are recommended. The
military compact units are included in MIL-A-52767 and MIL-STD-1408; the Navy
ECU’s are in Navy Technical Manual NAVAIR 19-60-83; and the Air Force unit in
MIL-A-83216. ECU descriptive data from these references are in Table II.

c. Climatic conditions and categgtie~ Table III provides the world
temperatures and humidities by the climatic categories agreed to in QSTAG-360
(appendix A, reference 8). The locations of the world in which these
conditions are found are shown in figure 1-1. These data are necessary in
determining the required ECU capacity.

1.4 *~s .ee Appendix A lists major source documents, including
all documents referenced in the text of the handbook.

1.5 -tions. Definitions, explanations, and illustrations of terms used
in the handbook are included in appendix B.

1.6 use Qf h~ . This handbook is a guide. It contains the basic
information needed to determine heating and air conditioning requirements for
military shelters, with supplemental and supporting information in appendices.
However, you may encounter complex problems which will require professional
assistance or reference to appropriate technical publications. The handbook
attempts to highlight where these instances might arise. If you should need
help, appendix A, reference 2 is recommended as an initial source of
information on environmental control. Specific points of contact for
questions and assistance:
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a. Relating to any aspect of this handbook:

Commander
U.S. Army Belvoir Research, Development and Engineering Center
Attention: STRBE-FES
Fort Belvoir, VA 22,060-5606
Autovon: 345-3433;.Commercial: (703) 664-3433.

b. Relating to mobile shelters and nuclear hardening of shelters:

Commander
U.S. Army Natick Research, Development and Engineering Center
Attention: STRNC-UST
Kansas Street
Natick, MA 01761-5107
Autovon: 256-5248; Commercial: (508) 651-5248.

c. Relating to NBC protective equipment and its applications:

,Pa.,

I
0

Commander
U.S. Army Chemical Research, Development and Engineering Center
Attention: SMCCR-PPS
Aberdeen Proving Ground, MD 21010-5423
Autovon: 584-8427; Commercial: (301) 671-8427.
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TABLE I. Standard small military shelters considered in this handbodk.

Service Nominal Outside Inside Dimensions
Designation

Sponsor
Dimensions (HxWxL) (HxWxL)

(ft) (ft/in.)

Nonexpendable

S250 Army 6x6%x7 H: 5’4” in aisle
s 3’10” at side wall

W: 6’3” at top
: 3’8” at floor

L: 6?6!$

S280 C/G Army 7%x7$x12 6’5” X 6’10” X 11’6”

1S0 GP Army 8 x8 X 20 7*1” x 7’7” x 19’1”

MF 1s02 Navy 8x,8x20 7’1” x 7’6” x 1914~1

Expandable

S-530 A/G Air Force 7%x7%x12 Unexpanded:
(unexpanded) 6’9” X 6’7” X 11’5”

Expanded:3
6’9” X 19’9” x ~l$5tj

1S0, one Army 8x8x20 Unexpanded:
side expandable (Unexpanded) 7’1” x 6’5” x 19!1!?

Expanded:
7’1” x 14r6° x 18141?

ISO, two sides Ariny 8x8x20 Unexpanded:
expandable (Unexpanded) 7tl” x 6’()”~ 19~1°~

Expanded:
7’1” X 21’6” X 18’4”

1The S280 B/G configurationhas the samedimensionsexceptfor the height: nominal
outsideis 7-1/4’and insideis 6’2”.

2The NavyMF 1S0 has threeconfigurations:

1. Singleunit basicmobilefacility.
2. Side joiningunitsA and B which join intoa doubleunit.
3. Integrationunit to whichup to six singlebasicunitscan be

attached,end on: one to each end and two to each side.

All MP 1S0 unitshave the samedimensionsand the same thermal
characteristics.

3Two sheltersjoined.

I

3
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TABLE II. Standard military 1environmental control units.

I I Power

Jominal
apacity
(Btuh)

Requirement
Dimensions
HxWXL Weight Voltage I Phase

(Inche8) (lb) 115 208 230 1 3

—
k)
—
)00
—

x

x

x

x

x

x

x

x

x

.

Racing (Btuh) Freq,

G

9

i

K
K

K
K

K
K

K
K

K

K
K

K
x

x
x

x
x

:onsump

0/60w

m (m’)

LooHz:OOlingi Heaciog .,,s

~

16+X24X2+

20x30x28

izontal

200

290

635

600

rcical

180

Con]—

x

onf:—

x

x

2ss

x
x

x
x

x
x
x
x

mat—

x

x
x
x

m (.

x

x

u!

x

mJ

x
x

x

92
x

x
x

9,000

8,000

6,000

0,000

6,000

9,000

B,COO

6,000

0,000

2,000
HB022)

L,000
HB036)

2,000
HE022R
&s)

6,000
HE036R
&s)

X,000

10,000

18,500

41,000

62,000

6,300

9,350

19,300

37,800

60,000

22,000

33,1boo

22,000

33,400

54,000

7,000

14,300

31,200

45,000

4,500

6,000

12,000

28,600

&7,000

21,0004

35,ooo~

21,0004

35,0004

32,600

x
x
x

x
x

x

x

x

x
x
x

x

x

x

60

60

60

60

3.2
3.2
3.0

6.5
6.5

13.5

14.0

2.2

3.6
3.4
3.4

5.0

8.5

15.5

10.6

16.0

10.6

16.0

10.0

.
x
x

x
x

x
x

x
x

x

x
x

x
x

x
x

x
x

3.1

6.5

13.5

18.0

2.6

3.6

5.7

10.5

18.6

NIA

N/A

N/A

NJA

29+ x

27+ X

2+ x

1 3
%x 3%

44+ x 61:

17 x 17

I
32x17x17

4+ x 17+ x 20

55+X 3+X 21+

~*x3$x2&
16 8 8

200

270
x

x
x
x
x

460

620

I
Vertical Configuration (Navy)3

72+X 31+X 17+ 270 208/ x
230

72+X3+X15 632 208/ x
Z&o

Sleeve Mounted Configuracien (Navy)3

24+ x 31+X 22+ 275 208/ x
230

44x39+x2+ 423 208/ x
260

Ground Mounted (Air Force) \

32x48x67 940 208/ x
,, 230

1
Sources of data are: ML-A-52767 for Army ECU’s; Navy TM, NAVAIR 19-00-83 for Navy units; and MIL-A-832L6 for
USAF unit.

2
Cooling ratings for ECU’s were determined under conditions specified in source documents ciced in above
footnote .

3
See “Heat Pump” in appendix 8.

4For installed supplementary heacera, see MIL-STD-1407.

4
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TABLE III. High and low temperatures and relative humidities from

characteristic diurnal cycle during hottest or colde$t

month of the year.l

Ambient Air Temperatures,‘F (“C)3

Climatic ~ Highest/Lowest RelativeHumidity
Category2 , High Low Ever Recordedb

Al 120 (49) 90 (32) 136 (58) 3X - 8X

Hot dry

A2
Intermediate 111 (44) 86 (30) 127 (53) 8% - 40%

hoc dry

B1
Neirly constant at
75 (24) throughout 95% - 100%

k;etwarm ‘the24 hours

74% @ 95° (1500hrs)
B2 95 (35) 79 (26) 100% c!79°

Wet hot (2400 - 0600 hrs)

B3
60%@ 106° (1500hrs)

Humid hot 106 (41) 88 (31) 88Z @ 88°
(2400 - 0600 hrs)

coastal desert
——

co 21 (-6.) -2 (-19) -11 (-24)
Tending to

Mild cold
saturation

cl
-24 (-31) -44 (-42)

Tending to
Intermediate -6 (-21) saturation
cold

C2
Tending to

-35 (-37) -51 (-46) -69 (-56)
Cold

saturation

Searly constant at
C3

Tending to
-60 (-51) through-

Severe cold
saturation

out the 24 hours

C4
Nearly constant at
-71 (-57) through- -96 (-71)

Tending to

Extreme cold
saturation

out the 24 hours

lFrom appendixA, reference 8.

2See figure 1-1.

3For categoriesAl, A2, and CO through C4, temperatureis the principal
consideration. For categoriesBl, B2, and B3, humidity is the principal

consideration. All temperaturesare dry bulb readings.

‘Highest temperaturewhere heat is principalconsiderationand lowest

where cold is principal consideration.

5
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CHAPTER 2

SELECTION OF ENVIRONMENTAL CONTROL UNITS

2.1 Introduction. This chapter provides simple steps for selecting ECU’s for
standard, small, military shelters. These’steps assist the user in:

a. Estimating the summer cooling requirement.

b. Estimating the winter heating requirement,

c. Selecting an adequate ECU.

d. Selecting an auxiliary heater, if one is needed.

This method will give acceptable results for most military systems under

normal conditions. If the requirement calls for special conditions, such as
precise humidity control, special engineering help may be needed,

2.2 Estimating the cooli~z requirement. Reproduce the Worksheet Part I-
Coolin~ Requirement Estimate from appendix C. Fill in the data at the top’of
the sheet and follow steps 1 through 5 of the instructions. If planning for a
B1 region (see figure l-l) anticipating a worldwide (as opposed to a regional)
application or planning that CB collective protection equipment will be
required, read 2.3, 2.4, and 2.5 before starting on,the worksheet,

2.3 Humidity control. Military ECU’s are sometimes not satisfactory as
dehumidifiers under conditions of high humidity. When confronted with a
situation of very high humidity and not much cooling to be done, such as
climatic category B1 with a nearly constant temperature of 75 ‘F, they cannot
always handle the problem. This is reflected in table IV.

2,3.1 ~. Military ECU’s are designed not
for humidity control but primarily for sensible (dry) cooling. They cannot
dehumidify unless they are also cooling; what dehumidification is accomplished
is only incidental to the cooling process. Also, in a related problem, in
high humidity the ECU evaporator coils, especially on some vertical
configurations, experience water carryover problems and tend to throw water
out of the return air louvers.

2.3.2 Addi~ hu~ditv control
. .caDaJJ1.Ql. Humidity control needs humidistat

control of cooling, a reheat capability roughly equal to cooling, and a reheat
temperature control. Military ECU’s do not have these. They would have to be
provided by the user as add-ens, as required, and adding them to military
ECU’s is a difficult job. It requires extensive knowledge of psychometrics,
a familiarity with the internal circuitry of the equipment, precise load
evaluation, and design experience with the necessary add-on features. Al1
this is well beyond the scope of this handbook to cover. The job should be
undertaken only by someone with the necessary expertise and a full and proven
capability, ideally, the ECU’s original manufacturer. If you need humidity
control, it is recommended that you contact the U.S. Army Belvoir Research,

.
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a

.

Development and Engineering Centerl or one or more of the leading

manufacturers of air conditioners to discuss in specific terms any problems
and requirements you may have with regard to the matter.

TABLE IV. Estimating data for cooling and heating requirements.

A

sT&miRD
slfsLTE2L

OESICNATION

Nm-tipandablc:

Amy S-2S0

ArUY S-2801

.SavyMT 1502
(Single)

wwY m 1s0
(Dwblc)

1S0ArGV
GP

Cxpmuiable:

tirForcc
5-520

tSO Army
L side expaed-
~ble

[S0 Amy
Z sides axptrnd-
]ble

$oces: a.

b.

B

MELTER SIZE
(NxWXL)
(n.)

6x6b7

l$ltl*12

8x8x20

8s.L6x2Ll

8x8x20

7~22x12

8x15x20

8x22x20

c

mcifx sofA8
& CONDUCTION
lfUtTCAIN
(BTUN)

3,150

7.060

8.272

12,986

11.630

15,830

17,580

23.660

D
MlmER

cohTucTIoN
HEATWss
(BTYnf)

—

6,200

11,s80

13.660

21,280

18,820

2$,630

28,420

38,020

E

i .00

1.00 83 NUNIOHOT

1.00 “ co mm COLD

1.36 Cl .M3DCOLD

C2 COLD

1.86 -JC3 SEWXECOLO

C6 c2cTRm’fECou

Baseline ccaperacures inside shelters: suxmer, 78 O?: wincer, 70 “F.

OQfER
ML rs{
“A~ll

1.tb9

1.31

NA

1.00

1.26

1.31

1.00

1.00

1.00

1.00

4-----
F

lINTER
CL2NA11C

2ATINC
‘ACTOlt CATEGORIES

1.00;~-Al lfOTORY

F
.00 ~.”:A2 .XODNOT ORY

.00 ,’,1, B1 VE2 WARM

G
sf.mER

ENT12ATIO;
HEAT CAIN
‘BTUN/CFM)

46

3b

.NA

Ioa

126

39

39

39

39

39

H

XI\TER
ESTIIATIO:
HEATwSS
Blwucni)
-

76

76

76

76

76

7s

106

131

LfI1

152

The heat transfer coefficient (U factor) for both unhardened and hardened Army and AF shelters is taken as
0.35 Bcu/hr/fc2/”Fand 0.2S for Navy shelters. The cab~e thereforeapplieo co both unhardenedand hardened
units.

1Coolin8and heacimg deca apply on both S280 confi8uracions (ccc cable 1).

%hen sinBleiiFshalcers are accachcd co an incegcacirmunit (oee footnote 1 co TabLe 1), each shelter, inchtdio8che
ince8racionunit, is creoccd .sso separateunit for daccrainociarrof coolin8 and heacin8 requic~nca.

lSee 1.6.
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2.3.3 Additional Dower requirement. A’major consideration in using humidity
control is the power requirement, Because of the need for full consrant
cooling plus about equal reheat, humidity control imposes a high power demand
which must be met. This could result in as much as twice the normal cooling @

power consumption.

2.4 Worldwide application. The cooling requirement determination of
Worksheet Part I and as illustrated in the sample problem of 2.8 is for a
specific climatic category applying to a certain region of the world. In
cases where there is a need for systems capable of worldwide use, complete two
worksheets using the climatic categories (see figure l-l) which provide the
most extreme conditions: Al and B3. Using table IV, column E and G values of,
1.49 and 46 for Al and 1.26 and 124 for B3, compute the total cooling

.?

requirement. Use the one which gives the larger requirement.

2.5 Nuclear. biological
.

and chemical (NBC) protection equinment and ECU’S.
NBC protection,equipment will add to the cooling load of an ECU. The CB
filter-blower unit blows air into the shelter at 10 to 15 ‘F above outside
temperature. This added heat factor must be considered when computing ECU’
requirements. Chapter 5 (5.10), explains how to do this.

2.6 Estimating heating reauirements. Reproduce Worksheet Part II - Heatinq
JleuuirementEstimate from appendix C. Fill in the data at the top of the
sheet and then follow steps 6 through 12 of the instructions.

2.7 ~U. Selecting an’ECU which will adequately control the
environment without unnecessarily oversizing the unit is important. This will
also require consideration of other factors explained in 2.9 through 2.12.
MIL-A-52767 and MIL-STD-1408 list (as does table II of this handbook) a number a

of categories of units available, However, the horizontal compact and
vertical compact units are the best designs for most shelters. The Worksheet
Part II addresses these two ECU designs. Other ECU designs may be considered
if there is a special requirement. Reproduce both pages of Worksheet Part 111
- Selection of ECU from appendix C, fill in the top portion, and then follow
steps 13 and 14 of the instructions and, if appropriate, steps 15, 16 and 17.

2.8 S~. The following sample problem provides an illustration of
how the procedures offered in 2.2, 2.6 and 2.7 will work.

a. The following input data are assumed for the purpose of the sample
problem. For an actual integration requirement, the input would be provided
or available.

(1) Shelter: Navy MF ISO (single)

(2) Location: Ramstein, Federal Republic of Germany

(3) Occupants: 3 people

(4) Design inside temperature: 75 ‘F (desired inside temperature)

(5) Electrical equipment/lights: Maximum at any one time - 6,000
watts; minimum - 0 watts

10
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(6) Available power: 208 volts ac, 3 phase, 50/60 Hz, 4 wires

.

b. From the completed Worksheet Part I (figure 2-l), the cooling
requirement is 33,091 Btu/hr. Note that the solar conduction heat gain was
adjusted because the desired interior temperature is different.from the 78 “F
on which the values in column C of table IV, are based. Figure 2-f+was used to
determine the correction factor, in this case 1.07.

c. From the completed Worksheet Part II (figure 2-2), the heating
requirement is 24,518 Btu/hr.

d. From the completed Worksheet Part III (figures 2-3 and 2-4):

(1) Steps 13 and 14 show that adequate cooling requires a standard ECU
with a nominal capacity of 36,000 Btu/hr. The actual rating of the horizontal
unit is determined in the example to be 38,335 Btu/hr and for the vertical
unit it is 35,343. Both units are well above the requirement so you may
select the configuration best suited to your needs. Notice that the final ECU
ratings are adjusted (derated). This derating is done because in table 11 the
ECU is rated for an interior temperature of 80 ‘F at outd~or temperatures up
to 105 “F. At lower indoor temperatures, in this case 75 F, it is necessary
to derate the air conditioner. Had you been selecting a system for a climatic
area with outdoor design temperatures above 105 “F, the derating factor would
have been 0.805. These factors are obtained from figure 2-5. Before
proceeding, read 2.9 and 2.10.

(2) Step 17 (figure 2-4) determined that a pair of horizontal units
with a combined capacity of 34,596 Btu/hr or a pair of vertical ECU’s at
36,466 Btu/hr will be adequate and reasonably sized. It also shows that the
combined heating capacities are close enough to the requirement to be
acceptable in view of the fact that heat generated by personnel and electrical
equipment was not considered in the Worksheet Part II computations.

e. Final selection will depend upon any adjustments made after
considering 2.9 through 2.12 and the mounting method required.

2.9 Froner siz~. The ECU selected should be adequate but not oversized for
the cooling load calculated on Worksheet Part I. Sizing the cooling unit as
closely as possible to the requirement is important because of the
dehumidification process. An oversize ECU will cool the shelter quickly,
switch to a non-cooling mode and remain in a non-cooling mode until it is
needed to cool again. While in the non-cooling ❑ode, it is not dehumidifying
the shelter. A smaller ECU will cool more slowly and, because its capacity is
close to the requirement, will cool almost constantly; it therefore will be
also constantly dehumidifying the shelter. By contrast, oversize of the
heating capacity does not create a similar problem. Actually;; heating
oversize may be beneficial in overcoming heat loss because of doors opening
and also for bringing an unused shelter up to the desired temperature more
quickly before sensitive equipment is turned on.

2.10 Wfile -. The use of two or ❑ore ECU’s to satisfy a single
requirement offers several potential advantages:

a. It may be possible to size closer to the requirement.

11
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WQRKSHEETPART I - COOLING RECNIRFM~ ESTLNATE

Shelter Designation Ndw#. /50 [JW=J

ShelterLocation “Z??msmi,. Ff16

ShelterOccupants(AvE.No. of Persons) a’

Required (Design) Inside Temperature 75 “F

(If only heatingis required,skip steps 1 through5 and go to Worksheet 11)

STEP

1. Solar/conduction heat gain: ~ ,t”h x /*~~ x /.~? .
(lb) (It)

2. Heat ~ain from electrical equipment/lights:

3., Heat gain from personnel: 3, Persims

4. Heat gain from ventilation:

5, Total coolikg requirement:

Where to find (la):

(lb):

(lC):

(2a):

d~~ w.tt,x~ Bc”h/watt = 204 +~~ Btuh
(2a) (2)

x 500 Btuh/persort-— /’,500 Bcuh
(3)

x.& personsx ~ cfm,person- 2,390 Btuh
(4)

(1)+ (2) + (3)+ (4) = 33,09/ Btuh
(5)

Table IV, coLumn C (3a): Top of worksheet

Table IV. coLumn E (4a): Table IV, column G

Figure 2-5 (Lb): ‘TOPof worksheet

Equipment and 1ights in shelter

IMTRUCTIONS FOR COMPLETINGWORXSHSET

STEP 1 - SOLAR/CONDUCTIONHEAT GAIN

e Find the‘shelteryou want to cool in column .4of cable IV.

e For this type of shelterpick out the sumnercoolingload from columnC and put it in worksheet space (la).

e Find the locationof the shelter on the msp, figure 1-1, and note the pattern.

e flstchthe patcetn with column E. Pick .g”t the proper c~li”g factor and put it in worksheet space (lb).

e With your design inside temperature.turn to figure 2-5 and, using the solar conductionheat gain curve,
find the correction factor and put it in”space (lc).

● Performmultiplicationand put the result ii space (1).

STEP 2 - HEAT GAIN FROM ELECTRICAL EQUIPKENT/LICHTS

o Add the power rating (watts) of all electrical equipment and lights to be used in the shelter.

e Put the sum in space (2a) and multiply it by 3.4.

0 Put che Tesult in space (2).

STEP 3 - HEAT GAIN FSD)lPERSONNEL

● Put che number of people to occupy

● Nulciply by 500 and put the result

STEP 4 - HEAT GAIN FROM vENTILATION

the shelter in space (3a).

in space (3).

● With the ssm climatic category patternused in Step’1, ffnd the suumer heat gain factor from cable KV,
coLumn G and put it in worksheet space‘(4a).

c Put the number of people in the shelter in space (Lb).

e Perfonotbe multiplicationindicatsdon theworksheetand write the result in space (4).

STEP 5 - TOTAL COOLING REQUIREMENT

.s Perform the addi”tioriand put the sun in space (5). This ia the cooling requirementfor seiecting the ECU.

FIGURE 2-1. Sample problem - worksheet part I.
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I

:

.

STEP—

6.

7.

8.

9.

10.

11.

12.

Conduction heat Ioso:

LJ07U(SKSETPART11 - HsAT21scRJ?qulREfmTEsT22tATfl

ShelterDcaignocion A!!w de Iw 6ZN6LCJ

Shelter kencion P ~i?d. FX?6

ShelterOccupants (Avg. S0. of Pcrsone) a

/3. +*O B,uhx /036 -

(@) (6b)
/82 78 Bc.h

‘(6)

V,.Ch.., 1.ss: z% IJt.h,d. x -3 ~.,, ~ f.,,.,, . 6. 2+0 Bcuh
(7b) (7)

Keacieq requireeenc: (6) + (?) - (Read ecep 8 of inscruccionn, belav)

—-----( 9

Pe&&%2=+4&& @w@f = S/~ Btuh
(8)

Heat aatn from @lee equiptlighcs: watts x 3.6 ‘JKuhkatt - Fxuh
(90)

—
(9)

lieac gain frua pcrnottncl: pcrs x 500 Buh/porO - Bcuh
m (Lo)

local hcac 8ain: (9) + (lo) -

Net heactng raqulrcmnt: (8) - (11)-

3cuh
(11)

Btuh
(12)

Ultereco find (60): Table IV. coluan O (7b): Top ofmrkaheoc

(bb): Table [V. coluon F (90): S4SuiPenC and llghco 10 shelter

(7a): Tablo IV,CO~lIZN!H (1OO): ?Op of wrkohcac

INSTRU13 CONS FOR CQMPLLTISG UORKSHE=

STEP 6 - CO.KDUCTIONKEATLOSS

● Find chc ahelccr you waoc co cool 10 celmn A of cable [V.
● Forthis rypeof Shelccr,pick ouc che wincer haaclaa leod frm colunn O and puc ic in nrk5heecspace (60).
● Fiadcho lacocioaof che s!haltaron cha map, figure 1-1, and nOtC che PaccQrO.
. !fncch che paccurn with cola F. cabl@ [V. Pick ouc Che proper heating tnccoc and put ic in worksne.at

9PCC (6b).
● Performcha uulciplicacion and put chc r@oulC in spaoe (6).

STEP 7 - VI2+T1CATIOSHSAT LOSS

● VIch the cllmcic ci!cagorypoccarn uacd lm step 6, find che tinccr !ICOC 10CIO Cnccor In column H, table IV.

end IIUClC in opace (7J3).
● PUC the nunbor of paeplain the ohclcorin 9Pnc0 (7b).
● Parfocm [ha ~ltipliclltim and PUC chc C@LWIC h OP’XC (7) .

STSP 8 - HEATT.NC RSQ77IROfWI

c Add (6) ond (7) and -t the nun 10 uorknhcat 9PaCC (8). l’ttia10 your heating roquice-nc if your oporatioml
CWIPCIIC =MC be wa~ before it con b. oafely atarcud. k thin cane. use chi~ figure In Uorkr.heec Part 111.
If ym do ttoc coqutro prahaalng farcha oquilmmc, your cacrsy rcquir=ancs can ba caduccd by recognizing
chc hcnc goinodfrm aleccrIcolcqulpamc and poroonnelin chc olmltorondfollowtgircep$ 9 through12.

STEP9 - HEATCAIN FRO$I fLSCTRICAL SOUIPffSNT/Ll=S

8 Addthe povor rnciog (wacco) of ninkun olectrlcnl aquipumc and Lighca co be uocd during shelccr operncion.
● Puc che ma 10 opoca (9n)ond cadciply lC by 3.h.
● PUC chc resultsLn npucc (9).

STSY 10 - H8AT CAIN mm Pmsomu

● Put tho n~cr of people in spaco (lDa)and MJlcipkyby S00.
● Put chc rcsulcin aYpaCO(10).

STSP 11 - TOTALHEAT CAIN

c Md (9) and (10) and PUC che mm in ilpaca (1’1).

STSF 12 - rC?THSATIXC8EQUIRnml’T

● Subtract (11) frea(8)midpuc the difference10spaca (12). This 19 chc heOtingrequirementfor
SCICCtLnE the ECU.

FIGURE 2-2. Sample problem - worksheet part II.
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WORKSHEET PART III - SELECTION OF ECU (Page I of 2)

5helcec Des@nation: ~~W~~/u[~&~~;Locacio.: ~~ /#fs/=zv. A?6
Cooling Requirement: 33. 09/ Btuh; Heating Requirement: 2+. 5/8 Btuh

Design Inside Temperature: ~54F; Climatic Category: C/

Power Source Available: ~~ volts, ~ ~hase. s~60H=rcz, ~ i,,.

Reference cable [L and MIL-A-52767 for ECU data.

STEP— HORIZONTAL COKPACT VERTICAL CONPACT

SINGLE ECU

13. Nominal capacity (Bcuh): 36000
(13b)

14. Actual racing (Btuh):

CooLing: 4/> 000 x ~. 93s = 38,335 S?goox Q.%aS = 35.343
(L4a) (L6b) (16C) (14d) (14e) (lLf)

Heating: 28600
-lim---

I!JSTRUCTIONSFOR COMPLETING WORXSHEET

s[XCLE ECU

STEP 13 - NOMINAL ECU CAPACITY—

a From table 11, seLect a horizontal and a vertical ECU each with a nominal capacity equal to the next size larger than
the cooling requirement. P“t these sizes in spaces (L3a) and (13b)

STEP 14 - ACTIJALRAT[NG ANO SELECTION

m From table 11, find the cooLing and heating “Ratfng Bcuh” for these two ECU’S. Put these into spaces (l&a) and (l&g)
for the horizontal ECU and (14d) and (L4h) for the vertical ECU.

o Uich your cLimatic category and desired interior temperature (design inside temperature), turn to figure 2-5. Using
curve A or curve B, as determined by your climatic category, find the correction factor and put it into spaces (lLb)
and (L4e). !4JltipLy to determine the ECU actuaL racing.

e If cooling racing of either or both of these is equal co or slightly Larger than the cooling requirement,you have
compLeced the preliminaryseLection process and steps 15 and 16 may be skipped.

e If the heating rating is equal to or Larger than the requirement,no supplementaryheater wilL be required and

2-12 may be skipped. If the heacinR eating is smaller than the requirement,go to 2-12.

● You she”Ld complete steps 15 and 16 if the units in step 14 are smalLer or much larger thdn che requirement.

FIGURE 2-3. Sample problem - worksheet part 111 (1 of 2).

14
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WRXSHEl?f PART 111 - SELECTION OF ECU(pIIBC 2 of 2)

DUAL ECU ‘S

15. Ncuifnai capacities (Bcuh):

/KOOO X z - 36,Qo0 /8,000 x 2.36,000
{lsa) (15b) (15C) (Lsd)

16. Accual ratings (Bcuh):

/8.5270 x @* 93.5- /z2 98 /~ SVO F, Q- 935 . /&233
Coolinq:

(lba) (Ibb) (16c) (16d) (16e) (16f)

Heating: /<300 /2,w
(168) (16h)

17. Closcsc cmblaac ion:

Coollng: 2 X (16a)or (16f)- 3+59” OR 36. +66
(ha) [17b)

HeoclnS: 2 x (16s) O“ (16h) - ~~ O’.
2% -

(l?d)

I::STRWC IONS FOR CO$CPLSTINC LYXWSHE73

Duf,Ecu“s

srsP Is - NCMINAC. CAPAC!TIZS

● Froa tabtc 11. select chc smllmc pair of ocdml capacities chac mcloftm tha coollng requiremmc. Put these
raCilC8Sin 9pJ3c0s(1S0)ad (15c). .Hulciolychcnby 2 and we the resulcoin upaces (15b)acai(L5d). tf tbe P@ic
100IuC1OSC.proceedulcb SCcp 16; tf not, oolaccanocharpair.

STEP 16 - ACTUAL RAT X*CS

● Frm cable 11, find che coolln8 and hCaOinB rnclngo for che vertical ad horizoacnlECU’o picked in step LS: cncer
these in ,paCC3 (16.2), (16d),(16s) md (16h). ScIcor la opacco (L6b) and (16.3) the correction fnecorused in (lLb)
and (14 C). !tuIciply and PUC cha r.xxclco in OPCJCCO (16c) and (16 f).

STEP 17 - CLOSESTCOHBINAT!ONOF EcU’S

● If a pnir of ECU’O oactiffcn and 10 closer to cha CCIO1lIIE rcquirmcnc ctiun cha oinBlc umiciof seep lb, chc pair,
shelter space peraiccinB,Sheuld be yewr prclininmy mlacci.m. Heating comideracion i~ cha OH an forSC’JP lfI.

FIGURE 2-4. Sample problem - worksheet part 111 (2 of 2) .
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b, The flexibility of mounting at two or more points on the shelter might
permit a solution to the distribution problem without the need for ducting.

c. The calculated cooling requirement is based ‘onthe anticipated worst
case. Duriqg times that the worst case does not ,exist, the cooling
requirement would

(1) Use
dehumidification
flexibility which

be reduced. 0

of a single oversized unit could result in the
problem discussed in 2.9, Multiple units provide a
might avoid this problem.

(2) Much of the time when the load is less than the maximum computed,
one of the pair of ECU’s may meet the cooling requirement. Less power would
then be consumed. Further, with two or more units, there would be a backup
ECU during the periods of lower requirements.

As a rule, when two or more ECU’s are used, it is a good idea to make them
all the same. This will not only ease the logistical support burden but will
also improve the backup flexibility. In a technical sense, however, there is
no significant drawback to mixing types and capacities (as long as power
requirements are compatible) and there ❑ay be an occasional good reason for
doing so. For example, there could be a case in which normally operating
mission equipment generates a ❑oderate amount of heat but where installed
special mission equipment, which operates only infrequently, is a bi~”heat
producer. In this case, a small ECU may cool adequately for normal operations
but a larger ECU may be a necessity when special equipment is in use.

2.11 The ECU size and power usage increase significantly
as rated cooling capacity increases. Since shelters are usually cramped for
space and power is often at a premium, consideration should be given to using
the lowest capacity ECU that reasonable comfort and equipment requirements
will permit. For example, if:

a. An inside temperature of 85 ‘F, instead of 78 “F, is tolerable,
considering the benefits to comfort that the dehumidification by the ECU will
provide, and

b. A reduced ventilation requirement is acceptable, considering that
since the onset of the emphasis on energy conservation, a more conservative
value of 5 cfm per person has been established by appendix A, reference 4,
then --

The selection process of chapter 2 would include the following adjustments:

(1) Reduce the solar/conduction cooling load (table IV, column C).
Select from figure 2-5 the solar/conduction correction ,factor for 85 *F
(0.835). Recompute Worksheet step 1 by multiplying the value in Worksheet
space (1) by the correction factor, 0.835.

(2) Reduce the ventilation requirement from 20 cfm per person to 5 cfm
per person and recomputeWorksheet step 4.

.*>

(3) Retotal spaces (1) through (4) to obtain an adjusted cooling
requirement,

16
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\

(4) Increase the rated cooling capacity of the next smaller,ECU.
Using tune B of figure 2-5 (if outside temperature were over 105 “F, yOU
would use curve A), select the ECU rating correction factor (1.064 or 1.06).
Multiply the rated cooling capacity of the ECU by the factor 1.06 to obtain
the adjusted cooling rating. Compare the adjusted rating with the adjusted
requirement. If the smaller ECU now meets the cooling requirement, it may be
selected. This procedure may be used in the same manner for other interior
shelter temperatures within the range of figure 2-5.

I

1.

b90
I 1 1 } 1 1 1
I 1 1 I r I 1 !4

o.

1CurveA forUesignoutside
tengeraturesover105 QF.

(ClhteCS@gOrieSAl,IQ,
and83;see figure1-1.

2Curve8 fordesignouts
temperatures up to105 ‘F.

(All climatecategoriesother
ti Al,A2,and85;See
f’l~re1-1.)

o. 70,11
9Q

SHELTERINTERIORTEMPERATURE(“F)

FIGURE 2-5. Correction factor for adjusting from
shelter interior design temperature.

2.12 the A significant source of heat which
the ECU must handle is solar radiation subsequently conducted through the
shelter walls and roof. The heat gain from this source can be reduced by
approximately 45% if the shelter is shaded. To reach this reduction, the
shade should be complete, that is, no sun filtering through. Adequate shade
can be provided by dense tree foliage or a rectangular canvas cover, perhaps
combined with camouflage netting. The canvas should be as shown in figure 2-
6. The overhang should be the same on all four sides of the shelter. The
distance of the canvas above the shelter should always be at least 1 foot.

17
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CAUV4S
OVERHANG DISTANCE, Do (D. - h+ 1)

&---- h+l~ I ft
8 H

\
,/

.

,

‘\

SHELTER h ft

‘\ /’
//r /,/ >,, ,,, ?rr

FIGURE 2-6. Shading the shelter. :

making it higher than this; but, if some
the overhang distance should then become

advantage to
that it be,

There is no noticeable
consideration requires
the height of the shelter plus the distance between the canvas and the shelter
roof.

2.13 How to select a s~leme-v heate~. Cooling is the primary concern in
selecting an ECU. In most of the cases, the ECU which was sized for cooling
will be adequate also for heating. However, if the net heating requirement
determined in step 12 of the worksheet exceeds the rated heating capacity of
the selected ECU (or ECU’s), then a supplemental heater will be needed.
Heaters applicable for use in shelters are listed in MIL-STD-1407 under the
heading: “Heating, Space, Blower Type.,” The heater selecte~ will depend on
the heating requirement, for example:

a, If the temperature in the entire shelter needs to be kept fairly
uniform, a fuel burning space heater with a blower may be required. The
heating requirement would be that determined on Worksheet Part II.

b. If heat is needed for the space around an individual occupant, a small
portable electric space heater or a small fuel burning heater may be adequate.

c. If floor space is at a premium, outside mounting of a duct type heater
may be needed.

d. Electric heaters increase power consumption but all fuel burning
heaters require an exhaust to the outside.

e. In short, identifying potential heaters from MIL-STD-1407 is a
relatively simple matter but selecting one depends upon the requirement.

2.14 A
. .

caution on vent~. Instructions should be included in the
operating procedures for the shelter not to exceed the ventilation specified
in Worksheet steps 4 and 7. When the fresh air damper is manually adjusted
open to provide additional fresh air for ventilation to exceed 20 cfm, there
results a substantial penalty in air conditioner cooling load in hot and humid
conditions and in heater load in colder climatic conditions.

1?

i

/
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CHAPTER 3

INSTALLATION

.

3.1 Jnproduction. This section suggests ways to install ECU’S. The concepts
offered are designed to fit a variety of shelter applications. Select the
concept which best meets the need. Installation must be done in consideration
of the ECU, the shelter or facility, and all other equipment to be mounted or
placed in the shelter.

3.2 limit~ to e “ installatlcm of Ecu se. shelters. There are
a number of practical considerations which affect installation options:

a. Side walls of all shelters are excluded from permanent exterior
installation. The maximum envelope dimensions for shipment preclude permanent
exterior projections from the sides. “

b. Exterior permanent installations on the end walls of all shelters,
except the S250 and S280-type, also are precluded by the shipping envelope
constraints.

c. Permanent fixtures must be limited in expandable shelters. In one-
side expandable, the expandable side and a portion of each end wall are
excluded from any permanent fixture by the very narrow spacing between folded
panels. Because of center of gravity considerations during lifting and
moving, there should be restrictions also on the weight of equipment
permanently installed on the non-expandable side unless the shelter is
permanently mounted on a truck or trailer. Both side walls and portions of
both end walls in two-side expandable are excluded from use for permanently
installed equipment.

d. Exterior installation of the ECU on the entrance end of the S280 is to
be carefully considered because of the potential requirement for a protective
entrance (PE) (see 5.5.1.3). Accommodationof both the PE and ECU on the
entrance end may require a special design to strengthen the end panel.

e. Permanent end-wall installation of any ECU heavier than the 36,000
Btu/hr units is risky because of the limited strength of the shelter wall
panel, which could fail during road or rail movement.

f. A.11ECU installations, when in shipping configuration, must withstand
railroad humping loads (up to 6 G’s in the vertical and lateral directions and
10 G’s in the longitudinal direction) and survive the nuclear conditions
described in chapter 7. These requirements have resulted in much heavier
mountings than would be required for a shelter which can remain static and not
be subjected to tactical stresses.

g. The requirement for setup or takedownipackup to be accomplished within
30 minutes by two men with little or no mechanical lifting assistance
dictates:

(1) Permanent installations
inside-fixed or exterior-fixed wall

where practicable: slide-in/slide-outand
mountings.
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(2) The exclusion of mountings which
ECU more than a few inches off the ground in

require manual
order to mount

lifting of the
it.

(3) That remote mountings be designed as sel~-contained units. The
ECU should be .’transported on its mounting pallet so that only positioning
relative to the shelter, connecting,“and turning on are all that are required
upon arrival at the operating site. All hardware necessary for putting the
unit into operation must accompany the ECU and be readily available and
accessible. The possibility of separation or loss during storage, shipment,
and use must be at a minimum.

h, Installation should permit ready access for routine servicing and
minor maintenance without removal of the ECU from its mounting position. If
slight shifting must be done, it should be possible without “the need for
mechanical lift assistance. “This requires that both sides, “front,back, and
top be exposed or easily exposable.

3.3 Recommended matchun~. As an aid in narrowing installation
considerations, a table of recommended shelter-ECU matchup”sis shown in
table V. Types of mounts suitable for these matchups are discussed in 3.4
through 3.7, below.

3.4 act~1 installatlo~.

3.4.1 ~escriDtion of a retra”ctablemount. The distinguishing feature of the
retractable mounting is its ability to move out of and back into the shelter
through a hole in the shelter wall. In the design presented here, this
movement is made possible by the, commercially available supporting ball
bearing slides, or tracks. The recommended position of the mount is at floor
level where it requires the least amount of space-consuming bracing and
reinforcing to withstand the dynamic loading of rail shipment. A type of
retractable ‘mount is illustrated at figure 3-1; a design drawing is at
appendix D. figure D-1.

3.4.2 efits of retractable Svst‘e~.

(1) The retractable mount is the best system for installing ECU’s in
shelters planned for use in non-NBC environments. ‘It keeps the noise and heat
outside the shelter during operation while allowing for rapid deployment. In
non-CB and non-NBC environments, the ECU can be retracted for redeployment
with little time and effort and then pushed out again into operating position
upon arrival at the new site.

(2) When retracted, this mounting method leaves no ,.Significant
exterior projections to violate the shipping envelope. This benefit is most
notable with shelters larger than the S250 and S280. (The S250 and s280 can
fit into a shipping container with their ECU’s still mounted on the front
end.)

(3) The ECU is protected during shipment since it is inside the
shelter.

3.4.3 ks of retractable lns~atl~.
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TABLE V. Recommended shelter-ECU matchups.1

SHELTER
I

HORIZONTAL ECU VERTICAL ECU !U3UNTISC POSITION OPTIONS

.VO.VEXPAVKW?f.&

S250

!

6,000 Rearzexteriorwail

9,000 Rear exteriorwall

s~so /

\
6,000 I Frr.rIt2or rear exteriorVS1l

9,000 I From or rear exterior wall

9,000 (Sin81f2 0: Double) Front exterior wai13

! 18,000 (Single or Oouble) Frrmcexteriorwa113

18,000 Front exterior wall

36,000 36. (MO Front excerlor wa113

All above, plus 60,000 All above, Ground: remote or Flush;
plu9 60,000 entry through any wall

Retraceable: any wall

1s0, AK3y, GP Smc W2S280 Any wall: mount should be
recraccable, fixed interior

or ground zype

Xavy Some aa S280 Any wall: teounc should be
recraccable, f~xed interior
or ground type

EXPANDA8U

All 36,000 and 60,000 6,000, 9.000 Remote ground mount with
(Below 36,000.vcrcicnl end 18,000 flexible duccfng
ECU’S present a more (Above 18,000,
suitable macchup) horlzoncal ECU’s Flush ground mount with boot

present a more co elimhace flexible
stable package and ducclng
a eanllor eovelope)

1
See cables I and II

2Rem - shelccr cncrance end
Front - end opposicc from shelter entrance

3pi~ed or rccraccnblc mount

3.4.3.1 Ma.i..nt- is d~. The stringent sealing r~quirements for an
NBC (including EMP) environment are very difficult to meet and to maintain
with a retractable mount. The irregular surfaces asound the tracks supporting
the ECU constitute an exceptionally difficult interface joint to seal. A
concept for this is shown in figure 3-1. Reference 34 shows a concept for
closure used with the Navy ECU’S. Further, when seals must be repeatedly
broken and reestablished, there is a serious doubt that they will continue to
be effective in:
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CASKETING REQUIREO

K

AROUNO SIDES ANO TOP

-L-’”z_-””’\ f17
,--

I-”
I “. ,-
1,

PROPER CASKETING ESSENTIAL
AT ALL NONUELOEII JOINTS 1: ‘- ‘1:

TRACKS BOLTED TO
FLOOR STIFFENERS -f’

1 140uNT IN EXtENDED POSITION

WOGES

~ \\

~ ‘j\fJEs AF~,~E~

JJ.1”1< - PERMANENTLY TO ‘“=-%

SHELTER FLOOR
Wx$

<\\ SEALING OPTION: ALuMINUM BOX OVER

SINCE TRACKS WILL NOT SUPPORT HAXIMUH OYNAMIC
uEOGES MATEO

LOAOS, MOUNTING MEOCES LIFT uEIGHT OFF TRACYS
ANO BOLTEO

,WhEN IN RET RACTEO POSITION, 80LTS LOCK NATING
uEOGES TOGETHER ANO RESIST OYNAMIC LOAOS.

Major actions to place into

position; attach bracing as
operation: Rensxe plug from wall opening; push ECU into operating
reau i red; place cover Dl ate over tracks inside shelter (for sealing) ;

attach power and contro] cab)e$; attach any ducting required; start ECU.

CHARACTERISTICS OF RETRACTABLE tlOUNTING

o ECU mounted on bal l-bearing slide”s. For shipping, ECU locked in retracted position inside the

shelter (sketch illustrates concept). For humping, ECU also requires bracing at top. Bolthole

in upper rear of ECU provided for this purpdse. For operation, ECU pushed through opening in

shelter wall into extended position.

o To withstand nuclear overpressure in extended position mount and ECU reguire removable
external bracing against movement in all three planes (not shown on sketch).

e Hounting shown uses ‘vertical ECU which generally is a more suitable configuration. Mounting is

adaptable to a horizontal ECU.

FIGURE 3-1. Mount for retractable ECU.
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(a) Maintaining the positive air pressure
protection without an undue loss of air from leakage
increased demand on the ECU and the gas particulate filter
chapter 5).

(b) Sealing against NBC contaminants during
outside pressure may be greater than inside pressure.

necessary for NBC
and the resultant
unit (see

brief moments when
Such reverses in

pressure may be from a number of causes to include a gust of wind or a passing
truck.

(c) Maintaining the seal against EMP, which is critical if solid-
state equipment is to survive.

3.4.3.2 lfount~ weak when extended. The best ball bearing tracks available
are strong and durable but, when extended, camot be relied upon to withstand
significant dynamic loading while supporting the weight of the ECU.
Therefore, to survive significant nuclear overpressure (see 7.2 and 7.3), the
mounting would need reinforcing with outside bracing comparable to the wall
mount designs presented in 3.6. Since projections outside the shipment
envelope are unacceptable, the bracing would have to be removed for transit,
stowed during transit, and reinstalled upon setup. This would detract from
the quick setup and takedown benefits of the retractable mount, Further,
there would be little gain, if any, in survivability since the current
shelter, itself, is rather weak in this respect (see 7.2).

3.4.3.3 No snace vu. There-is no gain in interior space when the mount is
in the extended position. The area vacated by the ECU when it is extended
(and into which it retracts) is not available for other uses. This area must
remain clear to prevent blocking the air passage (unless detachable ducting is
provided, which would further complicate the takedown and”setup process by
adding to the number of pieces to be disconnected, stowed, and reconnected).

3.4.3.4 Location selection restr~cted. Structurally, the best position to
place the retractable ❑ounting is on the floor. The best position from an air
distribution viewpoint is near the ceiling.2 me dpamic loading of railroad

humping would make a structure for putting the ECU near the ceiling rather
space-consuming. (Note the comment on use of equipment racks in 3.5, below.).
The problem could be overcome by use of a riser duct from the air supply
outlet of the ECU to a point near the ceiling. But this would require space
(up to 8 inches from the wall as wide as the ECU air supply discharge). Also,
as noted above, ducting would complicate the takedown and setup process.

3.5 -de fixed mount~
. . t. .

2Provided there are no obstructions to block the air flow (see chapter 4),
cooling can probably be accomplished in the shelters addressed by this
handbook with a floor-mounted ECU, although somewhat less efficiently and
effectively: Because of their height, the vertical ECU’s are more suited to
floor ❑ounting than are the horizontal ❑odels and can probably be used
satisfactorilywithout ducting. A floor-mounted horizontal ECU, on the other
hand, should probably have its supply air ducted to near the ceiling.
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~escriDtion . .de fixed mounting.
.of The ECU must be fixed into place

enough to withstand rail shipmen~ dynamic loadings and insulated to
both heat and noise (the heat being that which radiates fromthe ECU

housing). The rear of the ECU faces outside through ‘a hole in the shelter
wall so that air.used for cooling the condenser is discharged directly outside
without entering the shelter compartment.

3.5.1.1 klounting~z.t For floor mounting, since the mounting bolt
spacing of the ECU probably will not coincide with the floor stiffener
spacing, a Plate or beams will have to be used to span and be bolted to the
stiffeners~ The ECU can then be bolted to the plate or beams. It is
advisable also to use a reinforcing backplate beneath the floor, on the
outside, which can be connected to the baseplate or beams by bolts through the
shelter floor. One way to deal with the problem of noise-and hea’tfr~m tlie
inside-mounted ECU, and at the same time provide the vertical ECU with the
necessary bracing against overturning, is to fabricate a rigid, insulated

enclosure for the ECU (see Figure 3-2). The enclosure should attach to the
I shelter floor and wall and be removable to permit access to the’ECU for repair

and maintenance.

3.5.1.2 ~~~. Mounts near the ceiling would require structure
inside the shelter which, depending upon its design, may reduce space for
other purposes. A supporting structure, such as equipment racks of the type
provided by shelter manufacturers, if adequately anchored, can support the”ECU
near the ceiling and might permit better space utilization by allowing”the
space beneath the ECU to be’used for other purposes.

.3.5.2 Benefits.- of~ide Xstallatiou . For inside, fixed installation:

I a. The ECU is fixed and braced in place and ready to turn on almost
I immediately upon arrival at the operating site. Fu~ther, there are no

requirements to remove hardware in preparation for a move, to stow it during
transit and to replace it upon arrival, so takedown and setup time are

minimal.

b. Sealing is comparatively easy since gaskets are compressedbetween the
relatively even surfaces of the rim of the ECU’s rear face and the frame
around the hole in the wall panel, Additionally, the seals should be more
effective than with most other mounts since there is no requirement”to break
them for moves; the floor mounting should permit maintaining a rigid joint
with a constant pressure on the seals.

c. The ECU is protected at all times to the same degree as other
interior-mounted equipment.

I d. Mounting is less expensive and more quickly accomplished than for all
I others considered.

3.5.3 ~oblems with inside ~stallatlon . Problems associated with inside,
fixed mounting:

.

a. Military ECU’s are designed primarily for outside installation, so the
condenser sections of the ECU’s are not insulated. As a consequence, they are

I heat producers in summer and cold producers in winter. Further, they are
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~AIR SUPPLY OUTLET

THENT

VERTICAL ECU WITH CUCTINGTO SEPARATE AIRW-L’f ANOAIR RETURN

r SPACEWITH

AIR SUPPLYOUTLET- OIFFICULTACCESS

SOUNO
COMPARTMENT

L AIR SUPPL;
RISER OUCT

VERTICALECU WITI+ AIR S4.Pf%Y OIJCTED TO CEILIm-Lm OUTLETS

FIGURE 3-2. Inside mounted ECU’s illustrating
characteristic space requirements.
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noisy, especially the vertical configurations, although newer models have been
improved somewhat in this respect, Adequate insulation can reduce the heat
problem to a manageable level but may help less effectively with noise. A
good, solid job of mounting should be some help with vibration and noise.

b. For structural reasons, the shelter floor is the best place to ❑ount
the ECU, but this .,positionis not the best for’air distribution.3 Adequate
bracing inside the shelter, to support the ECU near the ceiling and meet the
railroad humping load requirement, would be very ,space-consumingand is not
recommended unless standard equipment racks can be made suitable. The ducting
necessary to raise the air’supply outlet from the floor to the ceiling would
also consume space. To rise vertically from the ECU air supply discharge, the
ducting would be 20 to 3,0 inches from the wall (a little more than the
distance from front to back of the ECU) and, unless adjacent equipment can
lend support, would be freestanding and require special brat-ing. Some
appreciation of the space requirement may be gained from the sketches in
figure 3-2.

c. Access for maintenance and repair can become a problem unless care is
taken in locating adjoining equipment. There must be clearance for hands and
the use of appropriate wrenches for remounting and remounting the ECU.

3.6 Outside wall m unt~ngo“ installatio~.

3.6.1 ~escri~tion of outside wall mount canceDt. The ECU is wall mounted
outside the shelter on a rack affixed to the end panel of the shelter. The
conditioned air supply and.return face into the shelter through a hole in the
wall. The mountings must be designed to withstand railroad humping; an
incidental benefit from this is an ability to survive an estimated nuclear-
free field overpressure of 4“psi (ref to 20.1.2, 20.1.4, and 20.2.3.2). Since
the structural design of shelter wall panels, according to the leading
manufacturers, varies widely even within the same shelter type, the design
cannot rely solely on end panel strength. Instead, it transfers a major
portion of the load from the end panel to the corners and into shear stresses

.-

in the side and roof panels. The thin-skinned sandwich panels are much
stronger in shear than in moment. Sample design drawings are at appendix D.
Wall mountings are illustrated in figures 3-3 and 3-4.

3.6.2 -fits of outside wall..
mounting.

a. There is no requirement for setup and takedown for relocations.

b. Noise and radiated heat are outside the shelter.

c. There is a saving of space by not having the ECU and its mounting
structures inside the shelter.

3.6.3 P~ u“:

3.Seefootnote to 3.4.3.4.
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<CU TRANSVERSE
SUPPORT

.

I

-------

N

SEALINGCOLLAR
ECU

rsOUNTINC
ECU GRILLES

,

OPENING FRAME

SHIH SHELTER WALL

liOUNTING HETHOO “A”

ECU fits through opening into shelter. This is
simpler of two methods but it is a little more
difficulc to seal.

MOUNTING HETHOO “B”

ECU is completely outside shelter. Supply and
return grilles and control panel are removed and
reinstalled onto a grille support frame which
must be fabricated. Grille support frame must
include ducts to keep supply and return air

separated in space between ECU and remounted
grilles.

CHARACTERISTICS OF FIXEOHOUNTINGS

● Permanently attached co shelter; permits shipping shelter with ECU in place (ECU mounted

using norml boltholes in bottom of unit).

● Oesigned for rail humping loadings of 6G in vertical and transverse directions and 10G in
longitudinal direction.

● .?aced for nuclear overprcssures UP co 4 p$i.

. Fabricated from standard aluminum extruded shapes or from shapes built up from aluminum
sheets. Welded construction.

FIGURE 3-3. Typical wall mounting.
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I

---

,,,

U**,

al● ,.

WALL MOUNT #1

Applicable m

ECU: “ 9,000 Btuh

18,000 f3tuh

Approximate

Weight: 113 pounds

Design

Drawing: Appendix D

FigureD-2

WALL MOUNT #2

Applicable

ECU : (2) 9,000mJl

(2) 18,000 f3tuh
Approximate

Weight: 118 pounds

Oesign

Drawing: Appendix D

Figure D-3 ‘

WALL NOUNT #3

Applicable

ECU : 36,000 Btuh

Approximate

Weight: 133 pounds

Design

Drawing: Appendix, D

Figure D-4

FIGURE 3-4. Wall mountings for horizontal ECU.
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a. The use of the outside fixed mounting is limited to the S250 and S280
shelters. These moqnts would be applicable also to other shelters of similar
width if their use were not precluded by the shipping envelope constraints.

b. Because of their exposed position, the outside mounted ECU’s are
subject to damage by flying fragments as well as nuclear blast and thermal
effects.

c. The outside wall mounts assume that the shelter will be truck mounted
and therefore are designed to overhang the truck cab. The designs are
intended to allow adequate clearance between’the mounting frame and the truck
cab. However, the height of the cab top above the truck bed can vary several
inches not only between truck types but also within the same type. Therefore,
the vertical distance between che cab top to the bed level must be determined
and checked against the mounting design for each truck used to see if the
mount will clear the cab. If there is insufficient clearance, it may be
possible to achieve clearance by raising the entire shelter with the use of
blocks between the truck bed and the shelter bottom.

3.7 Ground mow.

3.7.1 PescWc3e of
. .

two t- of wo~~ ~Q~Il=i- The two types of mountings
“ described below should satisfy nearly all ground mounting requirements.

.

3.7.1.1 te lllQu&ULAIlg. The ECU is mounted and braced on an aluminum frame
pallet (see figure 3-5). Also on the pallet is space for stowing the hardware
necessary to put the ECU into operation. The ECU is shipped on its mount,
separate from the shelter. When tied down to prevent tipping, the mount is
designed to survive rail hump loadings as well as the nuclear overpressure up
to 7.3 psi. A sample design drawing is at appendix D. In operation, the
mount is located 4 to 8 feet from the shelter and the conditioned air is
carried to the shelter by flexible ducting.

3.7.1.2 ~. The main conceptual difference between this and the
remote mount is that the flush mounting is almost touching the shelter as
illustrated in figure 3-6. Shelter and ECU are connected by a short, heavy
duty boot made of high heat-resistant material. The boot is accordioned to
absorb a small amount of independent movement between the shelter and ECU. It
is strong enough to provide a degree of support to the ECU so that it can use
a simpler mounting than that required of the remote concept. The mounting
illustrated in figure 3-6 is a suggested type but any mounting which would
hold the ECU at the desired level and prevent its tipping over should be

“acceptable.

3.7.2.1 ~.

Since the conditioned air supply and return are carried in 10-foot
long: flexible ducts, this mounting method offers the most flexibility of all
the mounts for locating the supply and return opening(s) in the shelter wall.

e

~They may be located separately or together, positioned to avoid obstructions
and prevent a short circuit (see definition in appendix B), and openings may
be placed to make most effective use of available air passages inside the
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StiALL PARTSJ

1

L QUICK RELEASE CLAMPS

CONTROL PANEL BOX

REMOTE-MOUNTED ECU WITH ESSENTIAL ACCOMPANYING PARTS

Major actions to place into operation: locate and level mount, remove supply
and return grilles from ECU and install on grille support frame (Permanently.
installed on inside of shelter), mount cont;ol box in shelter, install
adapters and flexible ducting, connect power cablis.

CHARACTERISTICS OF REMOTE MOUNTINGS

o Located away from shelter.

● ECU bolted to skid-mounted pallet, using normal ECU boltholes, for sh
and operation.

o Includes stowage for all necessary hardware.

preen t

● Designed for rail humping loadings of 6G vertically and transversely and
10G longitudinally.

● Designed for nuclear overpressures up to 7.3 psi.

e ,,Fabricated from standard aluminum sheets and extruded shapes. Welded
construction.

,“

9,,, FIGURE 3-5. Typical remote ground-mounted ECU.
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-FLEXIBLE DUCTING 8001

~+
+--

GRILLES HAVE 8~EN

n REMOVED FOR instal-
ling OVER OPEN IISGS

INSIOE SHEtTER

u >~ONTROL PANEL REXOVEO ANO

II ‘3 lN$TALL&O INSIOC SHELTER

-i

—PALLET: ALUMINUM CMNNELS

FOR FRAJ!E ANO &lNCN

\ (c?!”Q%:::’ORTOp”

RELATIONSHIP OF ECU TO SHELTER

v =POVER CA5LE
ROLLING CRANK JACKS

Major actions to place into operation: Remove grilles from ECU;attach boot to ECU; attach power
cables; push ECU into position close to shelter; attach necessary gasket ing; attach boot co shelter;
attach necessary filters: attach grilles to opening inside shelter;attach necessary tiedowns.

CHARACTERISTICS OF FLUSH MOUNTING

● ECUmountedon simple pallet to provide stabilityfor shipment and operation. For railroad

shipment and when nuclear overgressure loadings arc expected, tiedowns, from che toP, should also

be provided. Pallet has Ilght duty, rolling crank jack (several types Jre c~rciall Y available)
on each corner for adjusting height up to 12 inches and for leveling. Wheels on jacks permit

short moves ac very SICU speeds and manually shifting position of unit.

● ECU Iocaced approximately 6 inches from shelter and attached to shelter by custom *de. comercial
hea~, flc~lble, high heat ducring, or boot. 6oot has rmtal flanges bonded to ducting. Sma I I

access space between ECU and shelter dictates that flange and bolt holes be accessible from the
inside of boot. Boot is connected co ECU first. ECU is then pushed against ~helter. Access to
bolts is fran inside of shelter through hole in wall panel to inside of boOC.

● Suggested means of transporting boots. bolts, and wrench is canvas pouch, or pouches, which can

be strapped to ECU.

● Vertical ECU is shown In illustration but concept is adaptable to horizontal ntnits.

FIGURE 3-6. Typical flush ground mountin~.
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shelter, thus reducing the space that must be dedicated solely to this
purpose.

b. The
comparatively

c. There

d. The
shelter.

e. There

sealing of the interface between the ECU and the shelter is
simple to achieve and maintain.

is practically no stress on the wall panel from the mounting.

remote mounting can be used with any size ECU and with any

is full accessibility for maintenance and repair of the ECU.

f. The shelter is isolated from the vibration and noise of the ECU.

3.7.2.2 ~~ oacla.

a Sealing the ECU/shelter interface is a comparatively easy task since
fairly even.surfaces meet each other and gaskets can be uniformly compressed.

b. The short boot which connects the ECU and the shelter is relatively
hard. It is much shorter (and therefore less exposed) and ❑uch tougher than
the long flexible ducting of the remote mount. Also, it is between the ECU
and the shelter and thereby somewhat shielded from thermal radiation.

1 c. There is no constraint on matching ECU’s and shelters.

d. During normal operation, there is little stress on the shelter panel-
from the mounting.

The shelter is separated from the ECU by the length of the boot
(app~oximately 6 inches). This serves to isolate the shelter from the
vibration and noise of the ECU.

3.7.3 Problems for ground mounting. Because of their height, both remote and
flush mounts are subject to tipping when hit by the blast wave or subjected to
railroad humping. They should therefore be tied down during both movement and
operation,

3.7.3.1 Rem ote mountinp Droblems. The ECU and ducting are vulnerable to
fragments, blast pressures, and thermal radiation; the ducting should not be
expected to survive. The weight of the ECU and the mount requires ❑echanical
lifting equipment and transporting equipment to move the system to the site
and to place it where it will be used. If materials handing equipment, cranes
or wreckers are available, this is no problem. A system shipped by sea would
require transport to move it to its site and plans would probably be in place
for this. One shipped by air may require a dolly or other means of short-
range transport to move it from the aircraft to its on-base site. Long
distances would require major transport means in any event.

3.7.3.2 ~ Droblemq. Although less vulnerable than the remote
mounting, the fact that the ECU is in the open renders the flush mount, also,
susceptible to damage by fragments, blast pressures, and thermal radiation.
However, the boot duct should survive in.cases in which the ECU and shelter
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survive. The weight of the ECU presents the same requirement for moving and
handling as does the remote mounting.

3.8 ~. For all mounts, the necessary holes or openings in the walls
must be adequately framed both to restore and reinforce the strength and
rigidity of the panel and to protect the edges of the hole. A framing concept
which is commonly used and which has proven to be satisfactory is illustrated
on figure 3-7. The frame can be ❑edified in size and strength to accommodate
having other structural members bolted to it.

3.9 ~. For convenience, “Considerations for selecting ECU mountings,
summarizing the discussions of 3.2 and 3.4 through 3.7, are included at
table VI.
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ASSEMBLED FRAME

l~ANGLES (SEE NOTE

,,

RtlAL BARRIER

E NOTE 2)

SHELTER ‘INTER EXTERIOR

ELTER WALL

BLIND RIVETS
(SEE NOTE 3)

SECTION A-A

NOTES :

1. ALUMINUM ALLOY 6061-T6: EXTRUDED OR FABRICATED

ANGLES, MINIMUM 1/8 IN. THICK. LEG LENGTHS TO
ACCOMMODATE SHELTER WALL THICKNESS AND ANY
STRUCTURAL ATTACHMENTS (E.G., MOUNTING FRAMES).

2. THERMAL BARRIER, 1/8 IN. THICK:

- LAMINATED PLASTIC - HIL-P-15035, TYPE FBM OS
- TEFLON STRIP - MIL-P-22242 ~
- PLYWOOO, EXTERIOR TYPE, COMMERCIAL STANDARO

Ps- 1-74

3. RIVETS SHOULD BE DIPPEO IN CONDUCTIVE SEALANT
PRIOR TO INSERTING INTO HOLES.

FIGURE 3-7. Shelter opening frame.
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TABLE VI. Considerations for selecting ECU mountings.

CONSIDERATION
EXTERIOR FIXEO RETfblCTA8LE 6 FIXEO CRObNO .YOU!JTISCS
k’ALL .W3U!ITI!WS ISSIDE KCWNTIW .(RZ!40TE& FLUSH)

:.ltich shelters are I S2S0 and S280 only (all i A1l nonexpendable shelters All shelters.
applicable? others precluded by ship- (no perfsancnc fixtures in

ping conscraincs). . walls of cxp~dable

1 shelters).

t.?rac ECU sizes can bc Up co: TVO L8,000 Bcuh, or Up co onc 36,000 8cuh per !40 rescriccions.
aeunced?

(But
One 18,000 Btuh mounting. Vertical ECU’s for ECU’s of 36,000 BCd

pluo L CPFU, or present beccerspace and above, horizontals
One 36,000 Bcuh ucilizocien in mesc cases. present a smaller enve-

lope . Verticals are pre-
ferred below 36.000 Scuh. )

Any cescrfccione on ● Rescricced co: . Should be resc”ricccd co No rescriccions.
aauncfng locacione?

- Rear end wall of S280. floorlevelonly.
Front (entrance) cnd
precluded by need co ● All ewe-side expandable

preaervc option co use sholcers cannoc use

CB procecclvo mounts which are not

encrence. dkmmncled before

shelter is prepared for
- Frooc (encrsncc) end mevemen c.
of S250.

● Shipping censideraciem
preclude use of:

- All side walls of all
shel cers.

- &ll shelters largar

than S280. “

- All expandable
shelters.

~ac clearances arc Sufficiency co pmvettc Requires $pacc for encim Sufficient co prevent
required inside blocking of air 9upply and ECU,pluo riser air ducc; blocklng of air supply
~helcers? recum flov. Refer CO deo space sufficicmc co and recuro flow (see

figure 4-1 of chia hand- prevent blocking of air figure 4-1. Supply and
book. supply aad recurs flow recum cam be close

(see chapter 4). cogechcr or separated
when flexible ducc~ag is

used for carrying air to
ahelcer.

my exccrior duccfn8 None required. None required. !Jomal remote mouncimg
required? requires flexible duct-

ing . The grouad flush
mouacfn8 uses a boot
vhich allows ECU virtual-
ly co be attached to
shelter yet pem.ics small
indeperrdenc movement and
isolates shelter from ECU
vibration.

fiat see-up coeko orc !!000. Rccracceblc: Unplug wall Minor Levelimg of ECU

requfrcd ac the opening; remove bolts, pallet. unplug wall open-
]peraciooal sicc? emplace ECU in ouc 1u8(s). coonect adapters

position; affix excermal and duccing, connecc con-
bracing, iantall air duct crol cablee, and connect
conneccioao. seal arouad power cables. (Assumes
opening. pallet-meuxtced ECU wee

FixedLnofde: Unplug wall
s Btisfactorily locaced
Vben delivered. ECU aad

opening. pallac can be msaharrdled
for small adjustments in
posicion. )
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TABLE VI. Considerations for selecting ECU mountings. (continued)
(

CONSlDEWT ION
EXTERIOR FIXEO RETRACTABLE & FIXED GROUND MOUNTINGS
WALL XOUNTINGS INSIDE MOUNTING (REMOTE & FLUSH)

How is the access for Good . Retractable: Good. Excellent.
servicing and minor
repairs?

Fixed Inside: Good to
poor’.

Can mounting, with ECU Oes;gned to wichscand rail Retractable: When in Mounting pallet is
affixed, withstsnd humping loadings (6 G in retracted position only. designed to,withstand
shipping? vertical and craneverse

Fixed Inside: Proper
rail humping loadings

directions and 10 G in
floor mounting,should

with ECU in mounted
longitudinal direccfon). position. NO TESTING
NO TESTING NAS BEEN DONE.

stand up to hump loade.
HAS BEEN DONE.

‘kliatis excenc of Ovekpressure up co 6 psi. Retractable: Can with- I Mounting will take 4
nuclear hardening? ECU may be vulnerable to stand only in retracted

fragments.
psi with ECU on it but

NO TESTING NAS
I BEEN 00NE.

position (if shelter has will need anchoring to
been hardened). NO TEST- prevent moving or Cip-
ING HAS BEEN DONE. ping over. Flexible

Fixed Inside: Same as
ducting ie extremely
vulnerable. Boot used

above.
with flush mounting is
expecced co be equal co
mounting. NO TESTING
HAS BEEN lMNE.

k’hatis difficulty of !40derace. Retractable: High; Minimal.
sealing the ECU
openings in the shelter I

Fixed Inside: Moderate.

against air loss and
NBC concaminacion?

Is cransporcation No. ECU and mount are NO. ECUand mount are Yes. ECU is separately
separate from shelter permanently attached co permanently attached to mounted and transporta-
required? shelter. shelter. cion arrangements fnr it

are required. This

includes long distance

and short distance moves.

Also, mechanical help for

loading and unloading
from transporting vehicle
is required.

... .

.
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CHAPTER 4

DISTRIBUTING AIR IN THE SHELTER

4.1 oduction. Most heating and air conditioning manuals are aimed at

buildings that require considerably more complex air distribution systems than
do tactical shelters. Fortunately, most of the factors which impact heavily
on air flow in long, complicated systems have drastically less impact on the
types of short, compact systems needed for military shelters. For these small
systems, simplifications can be introduced to permit easier and quicker design
without appreciably degrading effectiveness. To resolve more complex
problems, consult appropriate handbooks (appendix A, references 2, 3 and 9,
for example) or an air conditioning engineer for assistance.

4.2 ~ree-fiow Qr ducted dhtiutx. There are two ways to distribute air
within a shelter. One is free-flow, that is, direct discharge of the
conditioned supply air into the shelter with sufficient velocity and direction
so that the air, in effect, distributes itself. The other way is to carry the
air through ducts directly to the point or points where it is needed. In a
combimtion of these two methods, you may duct the supply, only. It is
unlikely that there would be a need for a return air duct in small shelters.
Free-flow distribution will be adequate in most cases covered by this
handbook. It has the advantages of being cheaper, quicker, and easier to
install than ducted distribution and it t8keS up less space inside the
shelter.

4.3 tke d~~n _ . Obtain scale drawings of the plan and
elevation of the shelter interior. Then follow the planning steps 18 through
26 of figure 4-1 (Steps 1 through 17 are in chapter 2, Selecrion OE
Envj.r~~~.

.
If ducting is needed, two points should be kept

in mind:

a. In some system designs there will be a need to change the duct’s
cross-sectional dimensions, change direction, direct some of the air to
intermediate points, or maybe all of these. These changes need not have a
great impact on system effectiveness if they are handled properly. If and
when you encounter these needs, refer to 4.4 through 4.7 for advice.

b. When ducting is to be used for both cooling and heating, it is
normally designed for cooling with the knowledge that it will work also for
heating. Auxiliary heaters in a shelter will probably be unducted or, if
ducting is necessary, separately ducted.

4.4 Reductions and . As long as the volume of air being carried
remains the same (no takeoffs or outlets and no significant leaks), the cross-
sectional dimensions should remain the same for the length of the duct. If
space does not permit this, then a reduction in size or a change in shape
becomes unavoidable. Any change should be made in a straight stretch of duct,
if possible, and made with a thought to keep the aspect ratio as low as
possible. When a dimension must decrease or increase, the gentler the rate of
change, the less the loss of efficiency. Try to limit the angle of increase

%ee “Aspect Ratio” in appendix B.
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STEP
No. STEP DESCRIPTION AND EXPLANATION COMPLETED

Steps 1 thru 17 are in Chapter 2 - Selecting the ECU

18 Determine what needs cooling:

● Personnel

● Equipment

O Both

19 Accurately locate on the scale drawings personnel stations
and all installed equipment. cabinets, or other objects
which might cause an obstacle to straight airflow. Identify
the position of electrical equipment.

20 Determine where the ECU supply and return will be. You may
not have much choice in this; the location of a wall-mounted
ECU is dictated largely by the shelter wall structure and
the mounting structure design. The ducted supply and return
from an ECU on a remote mount provide more flexibility for
locating the entry into the shelter. But even here, you may
find yourself restricted by the arrangement of interior-
mounted mission equipment. If you have a choice:

o Position the supply and return to avoid a short
1circuit.

● Iocate the supply so that the air stream is afforded
a straight path to the primary area to be cooled.

● Iacate the supply so that the conditioned air
reaches personnel stations first and electrical
equipment second.

e For horizontal ECU?S, locate the supply entry into
the shelter in the upper part of the wall. If the
ceiling is free ofobstructions$ a location near the
ceiling should be selected. If there is an
obstruction on the ceiling, the supply should be
lowered to where a straight air stream will miss the
obstruction. In most cases the supply air outlet of
a“vertical ECU mounted at floor level will be high
enough to permit free flow distribution without

1
See definition in appendix B. A short circuit can defeat
your system so avoiding it is important.

FIGURE 4-1. Air distribution system planning instructions.
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STEP

NO. .STEP DESCRIPTION AND EXPLANATION COMPLETED

ducting unless there is an obstruction to proper
flow. The location of the return is less critical
but should not be blocked or positioned to cause a
short circuit (see next pa8e). It is desirable that

the return be in the lower part of the wall, even
near the floor if this is an easy option.

21 Accurately locate on the drawings the conditioned air supply
and return outlets.

22 Determine by using the drawings if there is 8 direct,
unobstmcted tiew. at least as vide as the SUpply outlet,
from the air supply to points to be cooled. If not, an
unsatisfactory condition for free-flow distribution exists.
See step 25.

23 Determine by using the drawings if a short circuit condition
exists or is likely to exist. A good nle of thumb to
follow is: if it seems likely that there will be a short
circuito assume there will be. If there seems to be a short
circuit condition, an unsatisfactory condition for free-flow
distribution exists. See step 25.

24 Determine if free-flow air will pass heat generating

electr~cal equipment enroute to personnel. If so, multiply
the wattage o~ the equipment by 3.4 Btuh per watt. If the
result is 35% or more of the ECU-rated cooling capacity, an
unsatisfactory condition exists for free-flow distribution.
See step 25.

25 If all conditions =amined in steps 22, 23, and 24 are
satisfactory, ducting is not required; you may use free-flow
air distribution, and the remainder of this step and all of
step 26 may be omitted. If any condition is unsatisfactory.
ducting i.~necessary.

● If more than one condition is unsatisfactory. any
ducting planned must satisfy all conditions.

● On the drawings, sketch the route of the ducting and
the location(s) of outlet(s) to overcome the
problem(s). Keep in mind that:

2
The 35% is another rule of thumb and is based upon
considered judgement; it is believed close enough for
your ‘purposesin this handbook.

FIGURE 4-1. Air distribution system planning instructions - continued.

39



I

I’41L-HDBK-116

,,

STEP

NO. STEP DESCRIPTION ANO EXPLANATION COMPLETED

. . Only the supply needs to be ducted eicept,,in
unusual circumstances.,:

●e The duct should be as short as the requirement
will allow.

ee Changes in direction and size or cross-sectional
shape of ducts should be minimized and curves
should be as gentle as space will permit.

.. High velocity air (50 fps or higher) blowing
directly on a person will be tincomf~rtable. The
best approach for air at acceptable velocities
is directly from the front. The next best is
from the side or from overhead. The least,
desirable. from th tiewpoint of comfort, is from
behind the person.!?

ee While comfort is not to be ignored, these’systems
are for use under field conditions where comfort
must take second place to operational and
logistical considerations. If in ~treme weather
conditions the temperature occasionally becomes a
little warmer or a little cooler than desired,
the occupants”can dress accordingly; If there
are times when the breeze from the ECU is blowing
directly on an occupant and is either too strong
or too cool, the occupant can change the louver
setting to deflect the airflow.

26 ‘ Once you have decided upon the location of the duct and the
outlets, the size and cross-sectional shape of the duct
should be determined. These may be controlled to some
extent by the space available but you should try to keep
them as close as you can to the dimensions of the supply
discharge. The aspect ratio, that is the ratio of’the
cross-sectional long dimension to the short should be as
close to that of the supply dis~harge as practicable or else
as close to 1:1 as practicable. If the duct must be over
walkways, there may be some constraint on the depth of the
duct,so that there will be sufficient head room. In this
case, the vertical dimension will be the shor% one and the

3Reference 3, p. “2-65. Acceptable velocities ar~ between
18 fps and 50 fps; most favorable is”around 25 fps.

4
See ‘Aspect Ratiom in appendix B.

FIGURE 4-1. Air distribution system planning instructions - continued.I
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Clearancefor Air Return

The followingis a rule of thumband
not a hard-and-fastrequtremenc.You
may vary from it if the equipmentin the
sheltercamot be arrangedto permitthe
recommendedclearances. But you must
keep in mind that themore you squeeze
the air flow clearances,the greaterthe
risk to the effectivenessof the
environmentalcontrolsystem.

The clearance (dc) In front of

return intakeof the ECU shouldbe at
least2 inchesor thatnecessaryto pro-
vide a cross-section of air flow equal

to twicethe area of the ECU return
intakeopening,whicheveris greater.

Example:

A = Area of ECU air return intake

Opening

= 15 in. x 16 in. = 240 sq in.
UC = Widthof clearance = 16 In.
hc = Heightof clearance= 30 in.

FIND: Requireddepthof clearance,dc

2A = dc (2hc +lJc)

Noticethat since obstructionis sitting
on the floor,air flow Is aroundthree
sidesonly.

2 x 240
‘c = 2(30) + 16 = 6.3 inches

NOTE: If the air flow from the sidesof
the ECU is lessenedby reducingthe
clearanceor addingmore obstructions,
themore will be the air thatmust come
over the top of the obstruction.This
path will impingeon the flow spaceof
the air from the supplyoutletand
createconditionsthatcouldresultin
a shortcircuit. If thisbecomesa
problem,the supplyair outletshouldbe
relocatedby ducting.

PAIR SUPPLY OUTLET

TURN OUTLET

7Ecu SUPPLY AIR
SIDE ~—~

{~1r RETURN AIR

dC

hc

I

r RETURN

+

ECU

d WC
TOP

L RETURN

AIR

!

AIR

FIGURE 4-1. Air distribution system planning instructions - continued.
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STEP
NO. .STEP DESCRIPTION AND EXPLANATION COMPLETED

aspect ratio will be considerably more than 1:1. On the
other hand. if the duct passes over cabinets, there may be
room to make the aspect ratio approach 1:1. In any event.
you should try to avoid an aspect ratio over 5:1. Determine
the controlling dimension and, using the cross-sectional
area of the supply discharges determine the other dimension.
You must accept that adequate may have to be good enough.
Shelters are usually cramped for space with a number of
valid needs competing for that which is available. Also,
the small spaces sometimes dictate practices that would not
be followed if more room were available. So, you do the
best you can and take what you get.

,’

L

FIGURE 4-1. Air distribution system planning instructions - Continued.
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or decrease to not more than that shown in figure 4-2. If it is impossible to
stay within the limits shown in figure 4-2, the disadvantages of the wider I

angles can be lessened somewhat by the use of splitters to guide the flow
generally along a less angular path (see figure 4-3). I

FIGURE 4-2. Maximum desirable contraction and expansion angles.

SPLITTERS

~

D

~AlR

k

I. ■

ExPAHSIOU CONTRACTION

FIGURE 4-3. Splitters in expansion and contracting fittings.

4.5 MxAda. Several types of bends, or elbows, which may be usef~ are
illustrated on figures 4-4 and 4-5 (only rectangular ducting is shown since
rectangular shapes are more adaptable). Referring to figure 4-4:

a. The full radius elbow, which by definition has an R/D ratio)of 1.25,
is considered optimum.

Because of the limited space available in shelters, short radius
(an~hing with Rt less than 3/4D, including Rt equal to zero) or square elbows
are generally used. In order of efficiency and reverse order of overall
costs, elbows rank: full radius, short radius, and square.

(1) To improve their lower efficiency, short radius and square elbows
normally require turning vanes. For curved elbows, the vanes should run the
full length of the curvature and only two or three will be necessary.
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~ ‘
/~/ ‘CENT~RLINE RADIUS

THROAT RADIUS (Rt)

I

F ~~ING v~ES (2)

FULL RADIUS ELBOW I Km

~.-
~.S.S THM 311

SHORT RAOIUS VANED ELBOW

I

,,

k’-
ZERO RADIUS VANED ELBOW

(Requires Third Vane at 10% of Rh)

,,.

FIGUlU34-4. Curved elbows for rectangular ductin~.

,,

,,., ,, ,.
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(2) The square elbow, as shown in figure 4-5, requires numerous small
vanes, the number depending upon the size of the elbows. There are two type:
of vanes: single thickness, which are the thickness of the sheet metal usec

to fabricate them, and double thickness configured to an aerodynamic shape.
The double thickness vanes are considerably more efficient and are preferable.
A reliable heating and air conditioning contractor can probably supply these.
The sketches in Figure 4-5 show the location and spacing of vanes for bott
types of elbows.

4.6 XakwWi.
stream to a
application:

T
ELBOW WITH

SINGLE THICKNESS VANES

I
ELBOW WITH

DOUBLE THICKNESS VANES

FIGURE 4-5. Vaned square elbows.

Takeoffs are needed to channel some of the air from the mair
second destination. Two types should be considered fol
the diverging wye, which is the preferred takeoff, and the

diverging tee for use where space prevents the use of a wye (see Figure 4-6).
When diverting air from the main flow, you will need to know how much air is
taken off and how much remains in the main duct for other destinations. FOI

the small systems dealt with here, an acceptably accurate way
‘of air in the main and branch ducts is direct proportion to
sectional areas. For example, the flow of air in the main
takeoff plus the flow in the branch must equal the flow
takeoff. The lower part of figure 4-6 provides a graphic
these estimations.

4.7 Q!&W&a.

to estimate flov
the duct cross-
duct beyond ths
approaching the
means of making

4.7.1 . Outlets are important elements of the distribution systeu
even though they are at the end of the line. Their primary functions are to:

a. Direct the air in desired directions.
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DIVERGING 90° CURVED WYE

DIVERGING TEE

10(

20

10

Cl

DIVERGING 45” ANGULAR WYE

INTERIOR OF DIVERGING TEE
SHOWING NECESSARY OAMPER

.’
CURVEFOR ESTIMATING TAKEOFF ANO MAIN DUCT SI,ZES

ANO AIR VOLUMES

!

I

I

I

,
I

I

I
I
[

~
~a1

10 20

PERcENT OF AIR VOLIJI+E(cFH)

$ X 100and:x 100

FIGURE 4-6. Takeoffs.

a

a

●

46



I

b. Regulate the spread of
entrainment of room air into the

c. Achieve entrainment at

MIL-HDBK-116

the conditioned air stream and the resultant
conditioned air stream.

the desired rate; the higher the entrainment
rate, the shorter the throw distance for the air stream and the utore quickly
the objectional air velocities are reduced.

4.7.2 ~. Grilles with individually adjustable louvers,-such as
those with the ECU, are the most desirable type of wall outlet. They can
satisfy the above three functional requirements in most cases. Louvered
grilles are available commercially in a variety of sizes. In some instances,
however, the air can enter the compartment with such a velocity that it
creates a high level of noise and draws complaints about uncomfortable
breezes. In these cases a long, narrow outlet as illustrated in figure 4-7
may be needed (as close to the width of the shelter as available space will
allow and only 2 or 3
cutting dow the noise

inches high). With this, the velocity will be reduced,
and the breeze.

~SUPPLY AIR OUTLET

WALL

FIGURE 4-7. Outlet for reducing air velocity and noise.

4.7.3 ~ o~ . The two types of ceiling outlets are diffusers and
perforated ceilings:

(1) As their name implies, diffusers disperse the
compartment. The approach of the air “to the diffuser is a
effectiveness. Two methods of achieving a satisfactory
illustrated in figure 4-8.

(2)”The perforated ceiling is a form of plenum and is
shelters.

air into the
factor in its
approach are

rarely used in
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VANES_

‘~~&COLLARe~~@+

//A\\

\D,FF,5ER/”
END-OF-LINE APPROACH tl10-DUCT

FIGU~ 4-8. Approaches to diffusers.

APPROACH

4.8 Materia~. Weight and safety considerations lead to the recommendation
that ducts ‘be fabricated from*22-gauge aluminum5 and that all joints, seams,
and connections be ❑ade airtight.

,,..

I
I

I 5Appendix A, Reference 3, Table 14.
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CHAPTER 5

protecting AGAINST cHEMIcAL, BIOLOGICAL, AND RADIOACTIVE
FALLOUT CONTAMINATION

5.1 ~. Previous chapters of this handbook provided information on
environmental control in shelters during peacetime operations. In wartime,
the potential hazards of nuclear, biological, and chemical (NBC) contamination
of the environment are a serious threat. Against this threat, persomel
protection and environmental control equipment in shelters must be capable of
working effectively to ensure the safety%f personnel and

I This &apter provides information on NBC protective
. relationship to and impact on ECU’S.

I
5.2 Ccs of CB ~ctive o~tic~.
agents or radioactive particulate on personnel are

mission achievement.
equipment and its

The effects of CB
extremely serious.

Aidtionally, the effects on equipment are serious. Electronic equipment is
particularly vulnerable. Protection of both personnel and equipment is
recommended. Therefore, proper installation of ECU and modular collective
protection equipment (MCPE) is critically important.

5.3 ~. Personnel can obtain protection from NBC effects
by using a mask and protective clothing or by staying inside a properly sealed
shelter equipped with MCPE. However, due to the physiological burden
experienced when wearing the mask and protective clothing, operational
effectiveness of the individual is degraded. This degradation has been
measured and data are available from the Chemical Research Development and
Engineering Center6. The MCPE provides clean, filtered air with sufficient
positive pressure to prevent penetration of NBC contaminants from outside so
that the individual can function without psychological burden.

5.4 ~ddar col&ctlve orotection e~ . The MCPE provides sufficient,
clean, filtered air to maintain a small positive pressure of 0.7 inch of water
inside the shelter or enclosure to prevent penetration of contaminants from
the outside. The system includes a gas particulate filter unit (GPFU), an
integrated protective entrance (IPE), a system control module (SCM) and, for
200 cfm and 400 cfm capacity (GPFU’S), a motor controller (MC). Flexible
ducting and electric~ cables are not provided. MCPE components are discussed
below in the context of the interfaces between the GPFU, ECU, PE, and shelter.

5.5 &J&SX&M.

5.5.1 MCPE-_er ~.
.

5.5.1.1 m. Three sizes (capacities) of GPFU are available: 100 cfm, 200
cfm, and 400 cfm (see figure 5-l)”. Paragraph 5.9 explains how to select the
size needed.

6See 1.6
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GA5 FILTER

\

PARTICULATE
MAIN FAN FJLTER

HOUNT I NC
AS SEtiELY

GAS/PARl

FAN “

I CULATE

MOTOR CONTROLLER

I
XM93 100 CFM GAS pARTICULATE XM95 OR XM96 GAS PARTICULATE

FILTER UNIT FILTER UNIT

?

DIMENSIONS IN INCHES POWER
WEIGHT (LB) CONSUMPTION

UNIT HEIGHT WIDTH LENGTH (KW)

XM93100cfm 28.0 14.0 14 61 0.51

XM95 200 cfm 32.9 35.5 35 165* 1.10

XM96 400 cfm 32.9 35.5 45 215* 1.70

*Add 45 lbswhenusedwithgroundmountstand.

FIGURE 5-1. Gas particulate filter units.

5.5.1.1.1 .

a. ~. The 100 cfm GPFU is designed to be mounted directly to
the shelter wall. There is no requirement for direct GPFU-ECU interface, but

I
the possibility that both ❑ay have to be mounted on the same wall should be

I kept in mind.

I b. c~ # . In most cases, the GPFU’S should be
mounted on the ground using the stand available for this purpose (see appendix
A, reference 12). In cases where wall mounting is required, care should be
taken not to overload the shelter wall. ECU wall mount number 2 (see figure
3-4) with some adaptation can accommodate the GPFU and one 18,000 Btu/hr ECU
within the limits of the wal’1”capability. If an individual wall mounting

. .

.
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option is required, the Physical Protection Directorate, U.S. Army Chemical
Research Development and Engineering Center (see 1.6) has a design which
should be examined for its applicability before initiating effort to design
another mount.

“5.5.1.1.2 RlUQIU3. Air from the ground-mounted GPFU is carried to the
shelter through flexible ductlng. This ducting, like several other
components, is very vulnerable CO blast and fragments.

5.5.1.1.3 JW!LEx. The 100, 200, and 400 cfm GPFU’S can operate using 120V,
single phase, 60 or 400 hz input power, or 208V, three phase, 60 or 400 hz
input power. The maximum power consumption of these units are 51OW, 11OOW,
and 1700W, respectively. The actual power used depends on the fan speed
required to maintain the 0.7 inches of water positive pressure inside the
shelter. Good sealing of the shelter, therefore, will ❑inimize power
consumption. The ❑otor contoller must be used in the 200 cfm and 400 cfm
applications. The ❑otor controller weighs 47 pounds and is 16 inches tall,+
9 inches wide, and 7.5 inches deep. It should be mounted vertically, to
facilitate cooling, and may be ❑ounted on the GPFU or directly on the shelter
wall or floor. Since the motor controller uses solid-state devices, which are
very vulnerable to electromagnetic pulse, consider mounting it inside the
shelter or, if mounted outside, assure adequate shielding is provided.

5.5.1.1.4 ~. ,. The GPFU may prove useful in non-NBC
situations where an effective capability to remove dust and supply a quantity
of clean, fresh air is required. Conversely, in situations where dust will
not be a problem, the GPFU may be used without the dust separator. However,
since the GPFU can add 10 to 15 ‘F to ambient air temperature, it may be
necessary to use it in conjunction with an ECU.

5.5.1.2 ~. This automatically regulates the shelter air
pressure relative to ambient and must be mounted on the inside of the shelter.
It is connected to the GPFU by a power cable which will require an entry
provision in the shelter wall. (Note that all MCPE cables are unique to the
system. Obtain information on cables and connections from the Chemical
Research Development and Engineering Center, see footnote to 5.3.) When
pressure falls below a safe level, a horn in the module sounds to warn
personnel to don protective masks and equipment. At the same time, an
indicator on the”control module labeled “MASK” lights.

5.5.1.3 .

5.5.1.3.1 rkwdw@n. IPE’s are collapsible entries designed to fit S250
and S280 shelters; they come already attached to the shelter doors (as shown
in figure 5-2), To install the IPE, replace the shelter door with the IPE-
door assembly. If a shelter other than the S250 or S280 is used,
modifications of the IPE probably will be required. The””lPE for the S280
shelter is available in two models: one mounts on the outside of the shelter
door, the other mounts on the inside. The IPE for the S250 shelter is
available h only one model and mounts on the outside of the shelter door. An
IPE can be erected by one man in a few seconds and can be struck and re~in
attached to the shelter door during the non-NBC mode. IPE’s are self-
supporting and platforms are not required.
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Struck “.. ‘
Erected

Internal IPE

l’--==-
Erected

External IPE,,,

FIGURE 5-2. Integrated protective entrances (IPE).

1
5.5.1.3.2 Function. The IPE is a pressurizedtransitional compartment. In

I

it, personnel coming in from a contaminated atmosphere can be subjected to a

recommended 5-minute air wash and can perform personal decontaminating
operations before entering the shelter, itself. Space inside the IPE.limits
occupancy to one person at a time. Positive air pressure within the IPE
assures an outward leakage to prevent entry of contamination. The IPE
receives air for the air wash through an opening ‘inthe IPE/shelter interface.
The opening is sized to control the air flow rate from the shelter to the IPE
so that the IPE pressure of 0.4 inches of water is lower than the shelter
pressure of 0.7 inches of water. This pressure differential ensures that air
in the IPE does not enter the shelter, but the differential is low enough to
minimize loss of shelter pressure when people enter or leave. This pressure
level is monitored by means ofa protective entrance module which is located
inside the IPE. ~

.,
5.5.1.3.3 Vulnerab~.. . IPE’s are unhardened and very vulnerable to

fragments and blast waves, and will likely be lost to blast and fragments,.
Replacements should be kept available. The IPE module meets nuclear hardness
requirements’,primarily.EMP.
.

5.5.2 “~CPl?-ECU~. The ECU interfaces with the shelter and, in that

~’
the shelter is a part of the MCPE system, it also interfaces with the MCPE.
An effective seal between the ECU (air,supply and return openings and power
and control cable entries) and the shelter is essential. Included in this
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seal is the closing of the ECU fresh air intake during operations under NBC
conditions (see appendix B, figure B-l).

5.6 arv Qf c~ rctgg@ng the MCI&

a. Although the basic MCPE system has passed several nuclear hardening,
EMI and EMP tests, the unhardened shelter, the flexible ducting, and the
external IPE are very vulnerable to blast and fragments. Anticipate that the
ducting and the IPE will require replacement following a conventional or
nuclear attack; for this reason, spares should be available.

b. Exterior ducting is also subject to heat transfer from ambient
conditions to filtered air. Because of this and the vulnerability of exterior
ducting to blast and fragments, consider the use of wall-mounted GPFU’S.

c. The ECU-MCPE (shelter) interface must be sealed against entry of
contaminants.

d. When the ECU operates in conjunction with the MCPE, the initial ECU
selection should be reassessed. Filtered air from the GPFU comes out 10 to
15 “F warmer than it goes in; this adds to the cooling load of the ECU. The
additional heat load may exceed the cooling capacity of the ECU which was
initially selected in” chapter 2. Guidance for reassessing the ECU
requirements is provided in 5.10.

e. The shelter must be sealed well enough to permit the GPFU to maintain
the necessary positive pressure without undue loss of air. Good sealing is
necessary also to prevent a momentary reverse flow of air due to greater
outside pressure, such as can be created by a blast wave or a passing truck.
Additionally, when the MCPE is operating in an actual NBC atmosphere, the ECU
fresh air intake must be closed or contaminated air will enter the shelter and
air leakage will prevent adequate pressurization.

f. Sealing material used to reduce air leakage and protect against NBC
agent infiltration must be impermeable to air; resistant to CB agents,
environmental extremes, and decontamination fluids; be easy to install; and be
compatible with requirements for protection against EMP (see chapter 6).

More detailed information on the MCPE may be found in appendix A,
refe$!ences4, 7 and 12.

5.7 J,nteP “~~ d U. In current applications, the MCPE and the
ECU are not integrated into a single unit. Although there are components of
similar purpose in each (e.g., blowers and, with the new multiple input power
ECU, the motor controller) the components cannot perform each other’s
functions in their present configurations. Further, there are so many
components dedicated to each unit’s specific function that little can be
eliminated through integration of the two units into a single package. The
separate units offer certain advantages:

a. There is more flexibility in mounting arrangements.
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b. The ECU can function alone when CB attacks are not imminent, thus
saving power.

c. In the event of a breakdown, one can be replaced without having to
replace the other as well.

5.8 Caution. None of the filters in the equipment discussed above or in the
GPFU will protect against carbon monoxide or ammonia fumes.

5.9 Determination of GPFU size. The ECU requirement is based on the cooling
load, which is increased by the heat added to the shelter air by the GPFU.
This is addressed in 5.10. Additionally, the size and weight of the GPFU must
be considered in cases where both the GPFU and the ECU share the same mounting
system. For this reason, it is useful to be able to find the size of the GPFU
that will be used. The determination of GPFU size is based upon the air flow
requirement. There are several factors to be considered.

5.9.1 Shelter leaka~. This is incidental leakage as opposed to deliberate
venting. Although MIL-STD-907 specifies a maximum allowable leakage, actual
leakage can be determined only by test since it is largely dependent on how
well the shelter is sealed against leaks. It should be measured at the
positive pressure under which the system will function\ Some leakage, either
incidental or deliberate, is required if ventilation requirements are to be
met.

5.9.2 Ventilation. Personnel health and comfort require ventilation.
Multiply the average number of people occupying theshelter at any one time by
20 cfm per occupant to determine the ventilation air requirement. If in
chapter 2 (refer to 2.11.b) a smaller figure than 20 cfm per person is used,
then that figure should be used. If incidental leakage is insufficient to
provide for the required ventilation, a means of deliberate venting must be
provided.’ (The GPFU and ECU, after a certain pressure is reached, can input
only as much air as can be leaked or vented.) Adjustable dampers are
available for this purpose; examples are illustrated in appendix A, reference
14, pages 235 and 237. Also, most shelter manufacturers have workable
dampers.

5.9.3 Integrated Protective entrancq. The IPE must exhaust contaminated air
after air-washing people who are entering the shelter. It therefore has a
deliberate leakage of 50 cfm.

5.9.4 ECU alz. This requirement is not a factor in determining the
GPFU capacity. When the shelter and MCPE are used in an NBC environment, one
of two situations exists relative to the ECU makeup air (fresh air) intake
(see figure B-l). In one case, part of the GPFU output is passed through the
ECU for conditioning before entering the shelter; in this case, it is ducted
directly to the ECU makeup air intake. In the other case, the GPFU air enters
the shelter first and then is taken into the ECU, through the return air
inlet, for conditioning. In this latter case, the ECU fresh air’inlet damper
must be closed to prevent loss of shelter air pressure. In either case, the
makeup air is not an air flow requirement for the GPFU.

5.9.5 &r flow rea~ement deter~tio~. This can best be explained with
the following illustrative example.
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a

a. Wter lee&,gg. For the purpose of the example,

it is assumed that the shelter leakage is the
maximum allowed by MIL-STD-907:

b. Ventuatiu. Three people are assumed to be in the
shelter. At 20 cfm/person, the requirement is:

c. Pro-cc j.veentlx!JEQ . The IPE is assumed to be at
1.5 cfm and requires:

240 cfm

60 cfm

50 Cfkl

d.

(1) The shelter leakage (200 cfm) exceeds the ventilation requirement
(60 cfm), so ventilation is satisfied through incidental leakage; deliberate
venting will not be required.

(2) The total of the leakage to be made up plus the IPE requirement is
250 cfm (200 cfm plus 50 cfm). This is too large for the 200 cfm filter size
so the 400 cfm unit will be required.

(3) If the leakage can be reduced by better sealing, to where the loss
is only 150 cfm, then the total would be 200 cfm and the GPFU of that capacity

can be used. This is an advantage if it will prevent having to go to a larger
ECU. Besides the drawback of an oversized ECU mentioned in 2.9, a larger ECU
would use more power, as also would the larger GPFU.

.

5.10 If a GPFU and IPE
are added to the air system of the shelter, the ECU size determination must be
reevaluated. As.mentioned in 2.5, ambient (outside) air temperature is raised
by 10 to 15°F when it passes through the GPFU. Further, as shown above, the
use of the GPFU greatly increases the volume of air being introduced into the
shelter over that needed for ventilation. These two make it necessary to
recompute step 4, Worksheet Part I (figure 2-l), and step 7, Worksheet Part 11
(figure 2-2), to determine the increased cooling and decreased heating loads.
The wording of these steps should be revised as follows:

“lb. Heat from ventilation: Btuh/cfm x cfm - Btuh.a
(4a-rev) (4b-rev) (4-rev)

“7. Vent heat loss: Btuh/cfm x cfm - Btuh.n
(7a-rev) (7b-rev) (7-rev)

a. (4a-rev~d (7a-rev~. The values in these spaces are normally
taken from columns G and H of Table IV. When the GPFU and PE are used, these
values should be taken, instead, from columns I and J of Table VII, for the
same climate category.

b. (4b-revl and (7b-rev~. The ventilation air requirement is
exceeded by the shelter leakage and the PE air requirements. The air volumes
of blanks (4b-rev) and (7b-rev) should therefore be determined as shown in
5.9.5, above.

c. ~. These steps are illustrated by revising step 4 of figure 2-1
(step 7 of figure 2-2 is revised similarly):

55



MIL-HDBK-116

TABLE VII. Ventilation fadtors when GPFU is used.

I J:
CLINATIC .SU~~ER WINTER

VENTILATIONvENTILATION

CATEGORIES HEAT GAIfi HEAT LOSS
(BTUH/CFN) (BTUH/CF?l)

~HOT DRi’ ~, ,6
<

3*2 NOD HOT DRY ,~ ,6

~Bl WET (4AM, NA ,6

ZJ’2 ‘JET’ HOT
116 66

RB3 HLWID HOT 140 66

OCO $IILO COLD “
,, ;6

~ Cl !100COLD 55 g~

a
t cz cOLO 55 120

~C3 SEVERE COLD 55 ,,()

~C6 EXTREME COLD , 55 141

:

..

(1) For blank (4a-rev), the new summer ventilation heat gain is
55 Btuh\cfm (table VII, column G).

.,

(2) For blank (4b-rev), the total air input air volume is 250 cfm (from
5.9.5.a(2), above).

(3) The heat from ventilation is 4a x 4b or 55 ‘Btuh/cfmx 250 cfm,
which equals 13,750 Btuh, to be placed in blank (4 rev).

(4) Returning to figure 2-1, replace the “2,340 Btuh” in blank (4) with
the “13,750 Btuh” from blank (4 rev) and redetermine the total cooling
requirement in blank (5). This now totals 44,501 Btuh.>.

(5) Reevaluate the,ECU selection made in figures 2-3’and 2-4,.

5.11 pecon~mmat~. .
. Once NBC contaminants have Eeen deposited on

equipment , sooner or later they bemust removed or neutralized.
Deconta~inating agents are highly corrosive and can damage rubber, certain
plastics, and metal. For this reason,,. you should avoid the use “of the
standard decontaminating agents on the ECU and shelter seals if less stringent
means are available. If they must be used, these agents should be applied as
prescribed but should be washed off, as soon as instructions for use of the
decontarninant“permit, with soapy ”vmter and a clean water rinse; the soapy
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water and rinse are effective also in removing (but not neutralize.ng)
contaminants. When using decontaminating agents, avoid applying them to areas
not touched during maintenance, closed compartments not contaminated, and
areas where it will be difficult to rinse after decontamination. The
following subparagraphs discuss the standard agents for decontaminating
equipment and alternatives which might be available.

5.11.1 nt. s~ ble~ (~. STB is a mixture
of cMorinated lime and calcium oxide that can be used against all liquid
chemical agents and some biological agents. It is available in powder form in
8-gallon drums. It is applied as a powder or as a slurry. It is recommended
that STB not be used on equipment covered in this handbook. It is highly
corrosive to most metals and injurious to most fabrics. It is toxic and
flammable. . Under development is the M12A1, truck-mounted, power-driven
decontamimting apparatus which includes a capability to dispense STB and wash
vehicles. This would permit decontaminating with STB, followed with a good
cleaning, thus overcoming some of the objectionable features of STB. For
further information, refer to appendix A, reference 4, pages 103 and 131.

5.11.2 DS2 is 70 percent active agent

(diethylenetriamine ), 28 percent solvent (ethylene glycol monomethyl ether),

and 2 percent active agent booster (sodium hydroxide). It is available in
‘liquid form in either l-1/3-quart cans or 5-gallon drums. DS2 is effective
against all known chemical agents if allowed to remain in contact to a maximum
of 30 minutes. It is effective against the nerve agent CB and mustard gas HD
within 5 minutes. As with STB, avoid use of DS2 on the ECU and its ancillary
equipment. However, if a choice between STB and DS2 must be made, DS2 is more
effective in most cases. Characteristics pertinent to use on ECU’s:

a. DS2 has a low flashpoint and can be a fire hazard if used on heated
equipment.

b. It is irritating to the eyes and skin and the vapor is harmful if
inhaled.

c. DS2 removes and softens new paint, except polyurethane paint, and can
discolor old paint and poly.uethane. It will also soften leather and rubber
products.

More information is in appendix A, reference 4, page 111.

5.11.3 The following alternatives are primarily
“means of removing the contamination from the equipment rather than
neutralizing it. An exception is the heat method which can evaporate most
chemical agents and destroy biological agents. Remember that if an agent is
just removed, as in washing, it still remains a potential danger even in the
wastewater.

5.11.3.1 u. Heat will vaporize most chemical agents and permit them to be
dispersed by evaporation into the air in non-injurious concentrations. The
temperature necessary for heat alone to do the job is a minimum 180 “F. How
this might be achieved is a question which greatly limits its application at
present.
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I 5.11’.3.2 SoaD and water. Washing with a strong alkaline
and hot water will likely remove CB decontamination as
particles and achieve a small degree of decontamination.
for small, outside surfaces but it may be difficult to
sections of the ECU.

soap (e.g., GI soap)
well as radioactive
This is fairly easy
reach some interior

5.11.3.3 Plain wate K. )linsingwith plain water may not neutralize the agents
but it will probably remove enough to reduce their chances of causing injury.
An item recently adopted by the U.S. Army is the M17, lightweight,
decontaminating system. This unit, called the NBC Sanator, provides a hot
water rinse for shelters, vehicles, and equipment. It draws water from any
source, heats it, and delivers it ‘at 100 psi at controlled temperatures up to
248 “F. Additional information is in appendix A, reference 8,,page 135.

5.11.3.4 Stem. Steam cleaning is a very effective means of removing and
perhaps neutralizing contaminants without damage to the ECU or protective
equipment. A mobile steam generator would be a very handy piece-of equipment
to have for this.

5.12 ~. This chapter has provided those who need to

integrate environmental control equipment into a shelter system as
appreciation of the NBC considerations that must be addressed. For additional
information concerning the NBC protective equipment and procedures, contact
the U.S. Army Chemical Research Development and Engineering Center (see 1.6). I
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CHAPTER 6

PROTECTION AGAINST ELECTROMAGNETIC PULSE

6.1 Electro-Magnetic Pulse (EMP) is a product “of all nuclear
explosions. In the case of a high altitude explosion (20-60 km), a high
intensity, short duration, downwardly traveling 50 kV/m electromagnetic wave
can cause damage or upset to sensitive circuits over an area roughly bounded
by the line of sight distance from the point of detonation to the”earth,
potentially for hundreds of miles around. Within this area, all metallic
conductors become antennas and collect energy from the EMP field. This energy
can be conducted for large distances and put sensitive electronics at risk of
EMP-induced damage. Mission-essential.equipment must be protected against
such risk. AM EMP “shield” can provide this protection through isolation of a
particular environment from the EHP. field by ❑eans of an electrically
contiguous enclosure. For C31 systems, for example, this is typically
achieved using a tactical shelter which employs one or more aluminum
electromagnetic shields. To prevent the energy of the field from bei~
conducted into the shielded shelter via power and signal cables, line filters
are used. This chapter offers guidance on how to maintain or restore the EMP
shield across penetrations and apertures resulting from the integration of
ECU’s with an EMP-protected shelter.

6.2 rea~. The level of protection from the threat of
electromagnetic pulse required by U.S. Army systems is determined by the U.S.
Nuclear and Chemical Agency (USANCA). Systems with “low risk” requirements
may provide 80 dB of shielding effectiveness of a specified range of
frequencies. “Moderate risk” systems must provide a 40 dB primary EMP shield
with a second shield. Most frequently cited is the requirement of 60 dB
shielding effectiveness over the electromagnetic frequency range of 150 kHz
to 10 GHz. The nuclear hardened shelters cited in Chapter 7 of this document
bear this 60 dB requirement.

6.3 ~tke~. . . .

6.3.1 w. The ECU has a number
vulnerable to EMP.7 The two chief
rectifier, the solid-state time delay

of components which are particularly
causes of concern are the solid-state
relay, and, in the multiple input power

ECU, the motor controller. EKP can cause damage and even total failure in
these components. Other elements which may also be weak links in the chain
are the capacitors, the filters for DC current, and the starters. While these
are not solid-state, the very high currents and voltages induced by the EMP
could cause component upset even if they do not cause permanent damage.
Additionally, EMP-induced currents and voltages may cause circuit breakers to
open or fuses to blow.

7The only exceptions at present are the 18,000 Btuh split-pack ECU, developed
for the PA~”IOT system, and the 208 volt, 3-phase, 50/60 Hertz version of the
18,000 Btuh compact horizontal ECU, which was hardened to meet a Regency Net
requirement. These are believed to be protected to an adequate EKP attenua-
tion level although this is yet to be confirmed by testing.
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6.3.2 =. The MCPE has passed baAic”EMP testing and the version being used
for the PATRIOT system, for example, has been modified to provide even greater
resistance to EMP. The modifications include part of “whatwill also have to
be done with the ECU: the elimination of all solid~state circuitry and the
provision of shielding and filtering in’the electrical cables.

6:4 Remedv for ECU weaknesses. There are two actions which can be followed
in overcoming the ECU’s vulnerabilities.

,a.( The best course is to request the DOD proponent agency8 to supply “

ECU’s that have ‘the requisite protection; This would provide a basis in
demand for the establishment of aprogram to develop protected:ECU’s over the
range of unit sizes required.~ Eventually, it would also place EMP-protected
ECU’s into the,DOD.‘procurement‘system and make future acquisition of these
units simpler “andquicker. ~~ ::

,.

b. The other alternative”is to modify existing ECU’s, during production,
as w-asdone with the Regency,Net unit. This ‘may possibly produce quicker
short-term ‘resultsand: might warrant consideration in conjunction with the
above course.”Modification is sufficiently complicated to warrant doing it at
the factory in accordance with performance specifications, to include the
required EMP attenuation (see 6.2)9. The work should include at least the
following and might include other items if the retrofit modifying facility
shows them to be necessary to meet the’required performance:

,.,

(1) “’Replacement of solid-state components with vacuum tubes or
mechanical components or the placement of solid-state‘‘circuitry in EMP.
shielded enclosures.

(2) Theshielding of all other sensitive components (e.g’.,capacitors,
circuit breakers) perhaps by placing them also in EMP-shielded enclosures.
Consider the possibility of remote mounting the circuit breakers inside the
shelter. This would provide shielding as well as safe access for resetting
during attack without having to go outside the shelter.

(3) Conductive sealant at all seams after all aluminum surfaces have
been cleaned to bare metal.,and treated with a chromate conversion coating
prior to sealant application. ‘Immediately following theapplication of all

,.
,,’, , ,,

3Commanding General :,

U.S. Army Troop Support and Aviation Materiel Readiness Command
ATTN: DRSTS-WX ~ ,,

4300 Goodfellow Boulevard
St. Louis, MO 63120-1798
(Procedures for placing a development requirement are contained in
DARCOM Regulation 700-5)

1
.,

4

a’

‘The requirement for all EMP protective materials;to withstand CB agents;
thermal radiation, temperatureextremes, corrosive effects of the atmosphere,
galvanic corrosion, and air pressures (from within the shelter as well as
external nuclear overpressure) also should be s’pelledout in some detail in
the performance specification.<
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conductive compounds a topcoat of chemical agent resistant coating (CARC)
paint should be applied; because of corrosion, no conductive compound should
be exposed to air; “

(4)

(5)

(6)

(7)

(8)
contact and

Conductive gasketing

Filtering at control

Conductive honeycomb

Shielded cables.

on all doors and access panel enclosures.

and power cable entries.

barriers on all uncovered openings.

All bolts and rivets solidly seated with clean metal-to-metal
installed after dipping in conductive sealant and sealed against

the environment.

6.5 ~CU-s_hglter
.

The principle EKF shield of a shelter system is
made up of the aluminum shelter skins, electrically connected across each
panel interface. This electrically contiguous metal enclosure isolates the
interior environment from the exterior EMP field. Seam openings and
penetrations, however, cause electrical discontinuities across the EMP shield
resulting in EMP leakage and reduction of shielding effectiveness. It is
imperative that electrical continuity be provided across all apertures to
maintain shielding effectiveness. Some means of achieving electrical
continuity are discussed below.

6.5.1 . Some ECU’s and MCPE are, themselves, designed to
be EMP “hardened”, or shielded. This equipment can be mounted directly to the
EMP shield of the shelter, with its equipment cabinet in contact with the
shelter skin. To ensure contact around the resulting interface seam, EMI/EMP
gaskets are used. There are a number of types of this gasketing on the market
which can provide the shielding effectiveness (EMP attenuation, air pressure
seal, and resistance to chemicals and climatic extremes). Examples of some
which may be acceptable:

A ❑etal mesh of knitted, springy, resilient, interlocking wire 100ps

(seeafigure 6-l(a), (b) and (c)). Metal mesh cannot, by itself, provide a
pressure or environmental seal; it must be used in conjunction with an
elastomer as illustrated in figure 6-l(a). A type of gasket not shown is an
elastomer core surrounded by wire mesh. It is claimed that this can provide
an environmental as well as an IMP seal although to be of questionable
reliability as a pressure seal; this, also, should probably be used in
conjunction with an elastomer.

b. A solid or sponge silicone elastomer with embedded, conductive
shielding wires oriented perpendicular to the mating surfaces (figure 6-l(d)).

c. A solid silicone elastomer with continuous metal conductive paths
throughout the gasket with many surface contact points (figure 6-l(e)).

6.5.2 ~.

a. The oriented wires and the contact points
protrude from the surface of the gasket and, under
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KNITTED WIRE MESH

(a)

‘b)5JfL=Ja
(c)

Two formedor compressedmesh strips in parallel
with sponge elastomerstrip. Affixedwith bolt
throughbolthole. Can be affixedalso with
adhesive. Thicknessesavailable: 0.062 to
0.375 inch.

Formedmesh strip in parallelwith mesh attaching
strip. Affixedwith conductiveor nonconductive
adhesive. May be obtainedwith boltholesin
attachingstrip. Thicknessesavailable:.0.04 to
0.375 inch.

Round mesh strip with extruded metal attaching

fin; Affixed with conductive or nonconductive

adhesive. May be obtained with boltholes in fin.

Thicknesses available: 0.062 to 0.500 inch.

METAL CONDUCTORS EMBEDDED IN ELASTOMER

w

,.,.,,,..:.
.,..:.,.,,

., ..:,,...,,,

(d)

%

.“.

.“.
(e) “-.:.:::..:.

. . .. .
::.,

Shieldingwires in,matrixof solid or sponge
siliconeelastomer. Wires orienteldperpendicular
to mating surfaces. Affixedwith conducting
elastomer. ProvidescompositeEMP and pressure
seal. Thicknessesavailable: 0.030 to 0.500
inch.

Multiple layersof solid copper conductivepaths
in solid or sponge elastomer. Contactpoints
coatedwith special tin alloy. Thicknesses
available: 0.125 to 0.625 inch.

FIGURE 6-1. Some”examples of EMP gasket materials. ,,

,.
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any buildup of nonconductive oxidation to establish good electrical contact
with the mating surfaces. The solid elastomer will probably provide a better
pressure seal than will the sponge but achieving and maintaining adequate
compression pressure will be more difficult than with the sponge elastomer.
In designing a gasket, the sponge elastomer compresses into”a smaller space
while the solid elastomer does not compress but rather deforms and flows while
maintaining a constant volume. Sp~ce must be allowed in your joint design for
this.

b. Most knitted wire mesh and embedded elastomer gaskets are fabricated
using Sn/Cu/Fe or Sri/PhosphorBronze wire. These materials are used to
provide a high degree of electrical continuity and minimal corrosion. Since
the EMP shield surfaces of most shelters are made of aluminum, corrosion
(oxidation) can occur at the shelter/gasket interface due to the dissimilarity
of metals. Oxidation can greatly reduce electrical continuity and
consequently the shielding effectiveness. It is important, therefore, to
apply a chromate conversion coating (in accordance with MIL-C-5541) to
aluminum surfaces in contact with the ❑esh gasket to retard the oxidation
process. Electrical contact surfaces that are exposed to weather or subject
to wear (such as doors and door jambs) should be flame-sprayed or arc-sprayed
with a coating of tin.

c. .The service life of the gasket is another factor to consider. The
gasket material should be resistant to or protected from abrasion, moisture,
chemicals, and thermal radiation. Also, close attention should be paid to
manufacturers’ specifications,-since some elastomers change under temperature
extremes, becoming hard and brittle in extreme cold and soft and foamy in
extreme heat. In either case, reduction in shielding effectiveness can
result.

d. Compression pressure (to compress the seal between the mating

surfaces) is important in developing the full EMP shielding and
pressure/environmentalseal effectiveness of the gasket.

(1) The sponge or solid elastomer must be compressed or deformed
sufficiently to fill all the unevenness between the two mating surfaces and to
force the wire tips or contact points through any oxidation buildup.
Depending upon the situation and the material, a compression pressure of 20 to
100 psi will be rieeded.

(2) The concern in this respect is primarily with wall mountings,
since the seal between the heavy ECU and the shelter might be broken if the
mounting should flex during transport.

6.5.3 S=l.iJU- Systems with MCPE are designed also to protect against a
chemical/biological (CB) threat. In order for the MCPE to function, the
shelter must be capable of being pressurized to 0.8 inches of water pressure,
gage. For such systems, it is imperative that the ECU/shelter and the
MCPE/shelter interfaces be air tight. When properly installed, both the solid
and sponge silicone elastomer gaskets already mentioned are rated very highly
in this respect: up to 30 psi. This should also withstand the overpressures
generated by a nuclear blast at a level which the shelter, itself, would
survive.
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6.5.4 Weather gaskets or sealants must be used
interface ‘seamsto prevent the intrusion of moisture into the shelter
minimize corrosion of EMI/EMP gaskets. Sealants must be subsequently
with CARC paint for system’sdesigned to ‘protectagainst a CB threat.

around
and to
coated

6.5.5 ‘Scre- air vassa~. Usually, the installation of an ECU or GPFU
results in a hole in the EMP’shield to permit air flow between the shelter
exterior and interior. A honeycomb EMI filter is normally used to provide
electrical continuity across such ‘an opening. The flexible ducting, or
connecting boot, of the ECU and GPFU ground mounts is unshielded.;therefore,
an EMP gasket at “theinterface of the duct and the ECU or GPFU would be of no
benefit (CB sealing is still vital, however). In the case of ground mounts,
EMP protection for the shel’ter interior ‘must be provided by conductive
honeycomb barriers in the air passages through the shelter wall. An
illustration of a honeycomb barrier is at figure 6--2(a).

(a) HONEYCOMB AIR

PASSAGE SHIELD

1°/’$’

,:.

.1 (b), SPRING FINGER’DOOR

CLOSURE SHIELD

FIGURE 6-2. Examples of EMP shielding for air passages and door closures.

6.5.6 ~jr st~ . A useful non-gasket type of shield for doors
which are repeatedly opened and closed is the metallic spring finger strip, an
example of which is illustrated in figure 6-2(b). This type of ‘shield
provides no, pressure ‘seal or environniental seal and must be used, with
environmental and pressure seals such as’ elastomer gaskets. Careful a’nd
proper installation of the spring finger strips is necessary to reduce da!nage
from normal use and traffic; A type of damage “thatoften occurs is that in
which a finger is snagged on” “a passing object, a perso’n’sclothing”for
example, and broken. This would likely negate the effectiveness of the
shield. For best effect, the installation should be such that the fingers

,,.

.,
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scrape the contact surface during closing to assure that nonconductive oxides,
which may have formed, are wiped off.

6.5.7 Seek w?ert advice. This handbook does not attempt to designate the
specific shielding materials or procedures to be used. For advice or guidance
on specific problems, a recommended starting point is the Natick Research,
Development, and Engineering Center (see 1.6). Consultation with
manufacturers of EMP shielding materials may yield a range of possible options
for the latest materials and effective procedures for installation. When
presented with specific requirements, a manufacturer may be able to propose
combinations of sealing materials and methods tailored to the need and to
guarantee the required results.

I

b .
“
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CHAPTER 7

BLAST AND THERMAL PROTECTION

7.1 Introduction: A nuclear detonation generates several adverse effects
which can damage or upset sensitive ❑ission essential equipment. These
nuclear ‘weapons effects (NUE) include air blast, ground” shock,, thermal
radiation, ballistic fragmentation and electromagnetic pulse (EMP). The last
of these, EMP, has been addressed in Chapter 6 of this handbook. This chapter
addresses actions that’can be taken to reduce the vulnerability of ECU’s, MCPE
and associated equipment to”nuclear air blast and thermal radiation.

7.2 ~U~ o er~. Air blast effects are comprised of an
overpressure phase and a drag phase.

7.2.1 Overnressure. Blast overpressure is the air pressure at the front of
the shock wave resulting from a nuclear detonation. Overpressure includes two
components: 1) the direct wave and 2) the wave reflected off of the ground.
Nuclear blast overpressure can result in wall distortion/crushing, equipment
shock, rupture of the EMP shield and antenna damage.

7.2.2 Qx.&3. The drag phase of air blast is a longer duration, 1ower
intensity consequence of a nuclear detonation. Immediately succeeding the
initial shock wave, the drag phase can cause further damage to an already
weakened system resulting in overturning and damage to external system
interfaces.

7.2.3 Yhermal. Thermal radiation is the high intensity, short duration flash
of heat”emmanating from a nuclear explosion. This “thermal pulse” can arrive a
several seconds before air blast, degrading adhesives and structural
materials, and resulting in high thermal stresses. \ i

7.2.4 Framnents. Protection from the threat of ballastic fragmentation is
essential to prevent cracking or penetration of the EMP shield and the air
tight seal essential to CB protection.

7.3 Outlook for Dr~ . ~ series of near- and long-term efforts have
been underway to provide nuclear survivable tactical shelters for mission-
essential systems. For the near term, four “fully hardened” and two
“intermediate hardened” shelters have been developed. Lighter weight,
composite shelters are currently under development to provide long-term
nuclear survivability solutions. These are addressed further in the context
of the discussion of threat levels, below. The shelters described below have
been successfully tested to their respective threat levels for protection from
the combined nuclear weapons effects. These represent near term solutions to
the nuclear survivability problem at the three threat levels defined by the
nuclear community.

7.4 eat le elsi. Three threat levels are associated with the design of
hardened tactic~l shelters (HATS). These are most readily described by the
degree of blast overpressure defined for each level: 10 psi, 7 psi and 4 psi.
Corresponding thermal and ballistic threats are associated with each
overpressure level. The threat levels for each of the nuclear survivable
shelters are described below.
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7.4.1 ~ed (lo ~. The fully hardened shelters were designed to
survive a peak free-field overpressure of 10 psi with a pressure positive
(drag) phase of 1.0 seconds and a 110 cal/cm2 total fluence. The shelters
also were required to provide ballistic fragment protection such that there
were no cracks or penetrations of the EMI shield by a 60 grain, hard right
cylinder, length to diameter equal to one, striking normal to the shelter at
375 m/see. Three s-280 size and one HMMWV/CUCV size fully hardened shelter
designs have been developed and tested for nuclear survivability. Lightweight
composite S-280 and HMMWV/CUCV shelters are in the late stages of development.

7.4.2 ter (7 DS~. The 7 psi intermediate hardened
shelter was designed to withstand an incident overpressure nuclear blast of
7 psi with a 54 cal/cm2 total fluence. The foam and beam construction of the
7 psi shelter utilized aluminum skin sandwich panels with fiberglass
stiffeners. Ballistic fragmentation -protectionwas provided from a 60 grain
fragment traveling at 275 ❑/see using a ballistic/thermal applique on the
shelter exterior. The S-280 size 7 psi shelter design has been developed and
tested against NWE for nuclear survivability.

7.4.3 ed er (4 Dsil. One 4 psi intermediate hardened
S-280 size shelter was designed to withstand an incident overpressure nuclear
blast of 4 psi with a 25 cal/cm2 total fluence. Ballistic fragmentation
protection was provided from the same 60 grain fragment traveling at
225 m/see. This 4 psi nuclear survivable shelter was based upon the existing
S-280C/G shelter design, with modifications to its door endw~l and addition
of a thermal/ballisticapplique.

:;:h a~. These nuclear survivable shelters have been tested
wall-mounted 18,000 Btuh horizontal ECU and a 100 cfm gas

particulate filte~ unit (GPFU) using specially designed racks. This equipment
was designed to prevent entry of the overpressure into the shelter during the
air blast event. Since each system has different configuration requirements,
alternate ECU’s or additional penetrations into the shelter wall for
power/signal entry, etc., could be required. Such modifications made to these
shelters must not compromise the EMP shielding effectiveness or the structural
integrity of the shelter system. Implicit with this is that modifications
must not permit ballistic fragments to damage the EMP shield nor permit damage
to the shelter by means of the thermal pulse. Changes to the shelter made by
the integrator would require a survivability analysis for the system by USANCA
(see 6.2). Extensively modified shelters could necessitate that further
testing to be performed on the new system configuration to assure that
requisite protection is achieved.

7.6.1 ~. The wall mounts offered in this handbook for the ECU’s
are all designed to withstand railroad hump loadings (see 3.2). A side
benefit of this is the capability to survive an estimated nuclear peak free-
field overpressure rated at 4 psi (see 20.1.2, and 20.2.3.2) with the
following caveat: those members of the mounting frame which are directly
exposed to t-heunattenuated thermal pulse may have a reduced strength at the
time the shock front arrives. The ground mounts, too, have this built-in
hardness but they must also be well anchored with guy lines at top and bottom

M
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to reduce shifting and to prevent the taller mounts for
tipping.

7.6.2 E&U.’ The military ECU, itself, is a fairly sturdy

7.6.2.1 Blast.”’The 18,000 Btu/hr PATRIOT split package

vertical ECU’s from

piece of equipment.

ECU, a unit designed
for added durability, has demonstrated in blast tube-’tests the abilit~ to
stand’up to approximately 7.3 psi overpressure and continue to function.
(Other units have not been so testedand their durability is questionable.)
But ‘the PATRIOT ECU did suffer some deformation to its enclosure which, if
seams were opened or panels sprung, could cause problems if it is subsequently
subjected to “EMP. Further, the overpressure load which pushed in the side of
the enclosure could have compromised the airtight seals necessary,for CB
protection; internally, between the compressor and the evaporator and,
externally, in the ECU-shelter interface. What actually happened to such
seals, if in fact they were in place for the testi’is’unknowiusince no data’on
this were collected. The blast tube test resulted in failure of”the enclosure
panels of the standard 18,000 Btuh -verticalunit. Since then, the panels have
been reinforced against this type of failure but the ECU has not. been
retested. Nevertheless, these units manufactured subsequent to 1981
incorporate the additionalhardening.

,. . .

7.6.2-2 EXWLWU=. The”enclosure which houses the ECU is for protection from
the elements, not from an attack. High velocity fragments from either a ~

nuclear blast or a conventional attack can be expected to penetrate it’and”to
cause internal damage to the”ECU. Also; for the remote ground mountings, the
flexible ducting in all likelihood would be damaged or destroyed.

7.6.2.3 Thermal radiation. The exposed sections of the ECUPS aluminum 0,

enclosure will probably suffer to some degree from any direct thermal
radiation received. But the enclosure will provide adequate thermal shielding
for the internal works. Any exposed’casketing or sealing would be subject to
damage unless a high heat-resistant material is used. This applies also to
any exposed ‘flexibleducting.
,.

7,7 Protective stena.

7.7.1 Wall-mounted ECU’S. A blast hardened ECU would require a major
redesign or an entirely new design. However, armor plate (steel, aluminum) or
fiberglass and Kevlar appliques can be added to the to’p,bottom, and ‘both
sides of an ECU to provide a degree of protection comparable to of the \

shelter. The rear (condenser intake and discharge end) must remain largely
exposed, except for the EMP shielding, to prevent inhibiting the air flow
necessary for the ECU’s proper functioning. The vulnerability of the rear can /

be reduced by the use of a baffle plate but great care should b~ taken to
assure ample passage of air. The method of determining clearance described in
Figure 4-1 should be useful in this respect. ‘The armor will also provide

~

adequate shielding against thermal radiation for those areas that it shields.
In this regard, it should be noted that the 18,000 Btuh horizontal ECU’s and
100 cfm GPFU’S used in testing survived thermal exposure with only CARC paint
protection. Structural mounting or racks used to fasten ECU’s and MCPE’S to
the shelter can be designed for the shelter and the threat’level specified. I,,

@

*
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~. Remote ground mounts are particularly vulnerable
of the flexible ducting; for this reason, they usually are not

considered for nuclear survivable shelters. In situations where they must be
used, the risk can be reduced by flush ❑ounting the ECU as illustrated in
Figure 3-6; but even’ this would not be satisfactory for truck-mounted
shelters. Protection of the ECU, itself, can be accomplished in the same
manner as discussed in 7.7.1, above.

7.8 Protective sit~d D~ocective co~ru cti~. Nuclear survivable
shelters have been developed to satisfy the need for survivability on the
tactical battlefield for essential communications, control and intelligence-
gathering systems. Never-the-less, for the foreseeablefuture it is likely
that a number of field Army and support area functions will continue to use
unhardened shelters. For unhardened shelters, it might seem futile to harden
ECU’s and MCPE’S. But hardening these ancillary items may give an edge to
survival, albeit a slight one. However, the shelter, too, can be given
improved protection which will at the same time enhance the survival prospects
of the ECU. Siting and construction may shield against direct thermal
radiation, intercept fragments, or deflect a shock wave just enough to permit
survival which might otherwise not be possible.

7.8.1 u. To the extent that operational considerations permit,
advantage can be taken of terrain by placing the shelter in defilade from
likely directions of blast and thermal effects as well as from conventioml
attack.

7.8.2 Expedient construction ❑ight be used to substitute for
protection afforded by the terrain, or in conjunction with the terrain to
enhance protection for functions not having requirements for frequent, rapid
relocation. Construction should be limited to shielding the shelter (bunkers,
for example, would be too much, since they could replace the shelter).
Protection might take the form of revetments and berms, using timber, earth,
and sandbags, similar to aircraft parking revetments at forward airfields.
Entrenching is another form of construction that offers possibilities when
earthmoving equipment is available.
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APPENDIX B

tiLANAT10N5 m mmmATIoNs OF TERMS

Ai5wct J&Q@ - In the cross-section of a duct, the ratio of the long side
dimension to the short side dimension. The most efficient (least pressure
loss) and least expensive duct (materials, fabrication, and installation)
is round with a given aspect ratio of 1:1. The next most efficient and
next least expensive is square, with an aspect ratio of 1:1. AS the
aspect ratio increases, the cost increases and the efficiency decreases.
For the small systems dealt with here, these factors have relatively small
impact as long as the aspect ratio stays below 5:1.

~ (British thermal units per hour) - The English system unit of heat
transfer rate in which all heat loads and capacities discussed in this
handbook are expressed. 1 Btu - amount of heat required to raise 1 lb of
water 1 “F.

to remove heat

~ - The

The measure of the ability of an ECU or air conditioner
from an enclosed space.

rate at which heat must be removed from an enclosed space
to maintain a given inside air temperature.

~viro~ Coarol UniC (ECU) (See figure B-1) - Any device which
processes air (cooling, heating, ventilating, dehumidifying, filtering, or
a combination) to control environmental conditions within an enclosed
space. Specifics on military ECU’s may be found in appendix A, references
18 and 32.

● Horizontal ECU - An ECU designed so that its maximum dimension
is horizontal.

● Vertical ECU - AXIECU designed so that its maximum dimension is
vertical.

au iv~ent d~. of a duct - One of the factors in determining pressure
losses and resultant reductions in air flow is the circular equivalent of
a rectangular duct. This is expressed in terms of the equivalent diameter
of the rectangular section and can be computed using this formula:

Equivalent diameter w 1.3
8 ~b~5

9

Where: a and b are

rectangle.

Parwate
.

Filter Unu

(a+b)- ?

the dimensions of two adjacent sides of the

(CPFU) - See figure B-2.

lif-~gaiut
.

- The rate at which heat enters into or is generated within an
enclosed space.
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POWER SUPPLY CONNECTION
7

CONTROL PANEL
IT

EVAPOMTOR AIR OISCHARGE CONOENSER AIR OISCHARGE 2

1 INTO SHELTER (SUPPLY AlR)@
CANVAS COVER~ -9

FRESH AIR OAMPER CONTROL

EVAPORATOR AIR RETURNn w
WI

k
r INOIVIOUALLY AOJUSTA8LE LOUVERS

ALTERNATE POWER ~P ‘

SUPPLY Connection_/’

m FRESH

HORIZONTAL ECU

“R “-@’ =&c;&::oRAIN

CANVAS COVER
T

IR OISCHARGE
(SUPPLY AlR)@)

ADJUSTABLE LOUVERS

AIR RETURN @
T

clCONDENSER AIR OISCHARGE- 2’

POWER SUPPLY CONNECTION

AIR OAHPER CONTROL

Q

F
LIFTING HANOLE<

OL PANE.

CONNECTION

FRESH AIR lNTAKE@

n.

SUPPLY CONNECTION

CONDENSATE DRAIN CONNECTION
(4 PLACES - I SIOE EACH)

MCONDENSER AIR INTAKE-O

~,
VERTICAL ECU

/“

NOTE:

@ Air entering the condenser air intake @ cools the condenser and leaves through the

condenserairdischarge@ . Sincethe condenser cooling air does not enter the shelter,

filtering is not requiredin WC operations.

a Air (supply’air)entersthe shelterthroughtheevaporatorair discharge @ . There are
two sources for supply air: air already in the shelter, which is taken into the ECIJ through
theevaporatorair return@ forreconditioning,and outdoor air, entering through the fresh

air (makeup air) intake ~–. In MC situations, the fresh air intake must be closed to
Prevent intake of contaminated air as well as loss of shelter air pressure.

FIGURE B-1. Typical military environmental control units.
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CAS-PARTICVZATEFILTER Uf?2T(GPEV) - A DSVICE WRICH PROVIDES CLEAN, FILTERED
AIR AT SVFFICZSNT RATE TO PERM2T TRE EVIMVP MD MAZNT?L%UZKOF A POSITIVE
ALX PIUXSURS IN A SNSLTER. (ALSOSEE FIGVRS 5-1.) TSE AXR ENTZFS THRWGE
TEE PROTECT

v

CAP@WD IS AOVTED

l$2uG
lV THE WST SEPARA2VR 2 , URICE REMOVES

AND SXMAVSTS 3 90 PERCZNT OP THE WST . TH8 AIR MSSKS

9

Ems
PAATKULATE P LTER 4 , wSICE RE2tOVESPARTICV2XTS KAT1’ER AND ASROSOLS, AND
‘TKEN ~GR T93 FXLXXR@OR WKUOVALOF GMEWS IVXICACSSTS. PRO#
I’lisFILTERS 22’PASSSS I lU A PL%SUN@URi?WSDISG TRB FILTERS &TD WT

4TSRCUGE.TEE AIR WTL8 7 m THE ECU, SKELTSR, AND p~Tm mm=.

TSIS PRUX43S RAISSS THE AMBIENT AXR TEMPSRATVRSBY 10” ~ lS”F. UiiENTSB
GPFU IS 2N A WWFREE EhVIRONNBNTOR ATiENHOilNTW 5 FEET OPP TSB CROVlfDOR
EIIGsERIN A LVORUAL .WVXROWENT, IT UAY BE OPERAmD mTEWT m MET
ssPmAmx .

FIGURE B-2. Gas particulate filter unit.
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Beat loss - The rate at which heat is transferred (lost) from an enclosed
space.

Beat pUIQR- To cite from reference 34: “The heat pump is a mechanism that
can either remove heat from an indoor area and discharge this heat to the
out-’side,or it can be used to pick up heat from the outside and discharge
it into the indoor area for heating.” For details, see appendix A,
reference 34.

0 For heating, if the outdoor (evaporator) coil is operated at O “F,
for example, the refrigerant in the coil can pick up heat from ambient air
at temperatures as low as 10 or 15 “F. When compressed to 120 to 140 “F,
the refrigerant will then release heat to cooler surrounding air being
circulated to the shelter interior. Since the heat pump loses efficiency
at lower temperatures, supplementary heaters are required to provide
adequate heating capacity and are normal components of the unit.

. For cooling, the heating process is reversed by the use of a system
of valVes (e.g., the outside evaporator becomes the condenser) and the
heat pump then functions basically as a normal air conditioner.

e The Navy heat pumps as now available are adaptations of Westinghouse
commercial models and were not designed with tactical environments in
mind. (See figure B-3.) They lack the ruggedness and durability”under
field conditions of the ECU’s designed for military applications.’ When
they are transported, it should be on smooth roads with che avoidance of
shocks. The compressor of a wall-mounted unit failed in a road test which
was less severe than railroad humping. Therefore, if subjected to cross-
country road conditions or railroad humping, experience has shown that
they can be expected to fail internally unless carefully packed and braced
externally and internally. However, in peacetime, static situations they
offer an additional range of options for environmental control.

..
ca~aclty - The measure of the ability of an ECU or heater to add

heat to an enclosed space.

Heatkn~ 1
.

oad - The rate at which heat”must be added to an enclosed space
to maintain a given inside temperature.

.,
.

Ctl ve ProtectlotiE~men. . t (MCPE~ - A system of interacting
modules necessary in a CBR environment to provide clean, filtered air to a
shelter, to maintain a small positive air pressure in the shelter to
prevent outside-to-inside leakage of contaminants, and to permit entry and
exit of personnel without contaminating
probably will operate in conjunction with
illustration may be found in 5.4.

Plew - Basically, a large duct. One use is
engine manifold, that is, to collect air

the shelter interior. The-MCPE
an ECU. More description and an

similar to an automotive
from more than one source before

distributing it to one or more outlets. In another use, it is a
with many small openings for air passage. It might cover
ceiling and distribute ‘the air through the many outlets over
Plenums distribute air usually more gently and more quietly
finite outlets but lack ability for precise regulation of
direction. A plenum may also be used for return air.

wide duct
an entire
the area.
than more
flow and

,

I
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Short circuic - A term used to describe the condition in which the supply
air goes directly back into the return almost as soon as it is discharged,
This is caused most often when an obstacle is too close in front of the
supply and return outlets, retarding the proper flow of air. This might
also occur when the obstacle blocks the return, leaving the return air no
path other than across or through the supply flow. Remedies include
relocating the obstacle, relocating the obstruction, or ducting the supply
to where it is clear of the obstruction.

xhKQ!l- The horizontal distance that air will travel after it leaves the
supply discharge before a specified reduced velocity, usually 50 feet per
minute, is reached.

~Q - The process of introducing ambient air into an enclosed space
by an ECU.

I
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APPENDIX C

BLANK WORKSHEETS

10. fitroductio~. Included in this appendix
worksheets:

are the following three blank

a. Worksheet Part I - Cooling Requirement Estimate (Estimating steps 1
through 5).

b. Worksheet Part II - Heating Requirement Estimate (Estimating steps 6,
through 12).

Worksheet Part 111 - Selection of ECU, (pages 1 and 2) (Estimating
step: 13 through 17).

20. ~. These blank forms are to be reproduced and completed in accordance
with the guidance provided in chapter 2.
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APPENDIX D

DESIGNS FOR ECU MOUNTING STRUCTURES @

10. ~troductia. This appendix offers several design concepts for mounting
ECU’s for field use with small shelters. For the intended ECU’s and
applications, the designs are more than conceptual, however, and may be used
as shown with only minimal adaptation needed to accommodate to a specific .
shelter. (Shop drawings would be required for actual fabrication.) Since the
ECU’s addressed here ire the ones which will be used in a majority of cases,
the
and

20.

mounts will probably be adequate,for most cases where retractable, wall,
remote mounts are desired.

General oaramete~.

20.1 ~$.

20.1.1 Retractable m unto for the 18.000 Btuh tarv comDact vertica1 .JZG?J.
This mount is shown at figure D-l.’ The design was made with the S280 shelter
in mind but is adaptable to other shelters as well as to other ECU’S.. If
heavier ECU’s are contemplated, heavier duty tracks will be required. (Check
the weight of ECU against track manufacturer’s claims for track carrying
capacity.) ‘Nso, for a heavier unit, the provisions for anchoring the ECU for
transit should be reevaluated.

20.1.2 Wall ❑ountlno desiv~. These are mounting racks which allow the
standard, compact, horizontal 9000, 18000, and 36000 Btuh ECU’s to be
attached, singly or in pairs, to small, transportable shelters. The racks are
simple yet strong. They are designed to support the units during railroad
transportation and the racks, themselves, are designed to withstand a nuclear
peak free-field overpressure up to 7 psi. However, the rack designs are based
on the structure of the unhardened S280 shelter. Because of concern as to
whether the shelter structure will hold the rack beyond 4 psi, the whole
mounting system (rack-connections-shelter structural frame) is usually rated
at 4 psi. Hardened shelters with reinforced structural frames may permit the
racks to realize their full potential of 7 psi. ,l%e designs are for
horizontal ECU’s; the horizontal configuration is more suited to fixed
mounting on the ‘front end of a truck-mounted shelter, such as the s280, and
can fit above a truck cab. Wall mounting designs are shown on figures as
follows:

I
a. Figure D-2: Mounting design.for single 18,000 Btuh compact horizontal

ECU (adaptable for 9,000 Btuh compact horizontal ECU).

b, Figure D-3: Mounting design for two 18,000 Btuh compact horizontal
ECU’s (adaptable for two 9,000 Btuh horizontal ECU’s o~ one 18,000 Btuh
horizontal ECU and one GPFU).

c. Figure D-4: Mounting for single 36,000 Btuh compact horizontal ECU.

20.1.3 Remote ground mount for the 18.000 Btuh-ary c-act
. . vertical ECU.

The remote ground mount is at figures D-5 and D-6. It is a simple aluminum
mounting designed to rest on the ground remote from the shelter. The mounting

88
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I
t o

NorlINALLENGTHS

6000mnl 9000STUB 1S000BTU31
mTxcAL

FIND NO. m
mTxCAL VERTICAL

DESCRIP?IO$4 Ecu Ecu ECU

2 2 Chennel, FormFrom1/8”~iek Sheet 27-318”

3 2 Chennel - /umy-Nxvy ,0,,
‘.* * 2** - 2.205 Lbs/Ft

4 2 Tubing, Squre, 1-1/2”x 1/8”nick @-31h”

5 2 Tubing.Square,1-112”x L/B”Thick 30-1/2”

6 2 Tubing, Squere, 1-1/2” x 1/8” Thick 37-15/16”

7 4 Angle. 3“ x 2“ x L/d** 30,.

8 1 Al@e, 3-1/2” x 2-1/2” x U6”” 21”’

7&lf2°

27-3/8”

30.,

43-5fB9’

34-1/4”

41”

j~m

21”

76-1/2”

4

27-318°

30,,

s~,.

6 ?-7181”

53,.

30’”

n,,

M.9terisl: Find ?hnbers 1 , 2 , 3 , 7 . 8 Aluminum 6e61-T6.

Find Nuubers 9 , 5 , 6 Aluninum 6063 -T52.

FIGURE D-5. Ground mount for vertical ECU.
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is designed to support the ECU during rail movement,10 and withstand nuclear
overpressure up to 7.3 psi. The mounting is adaptable to smaller ECU’s by
adjusting the lengths of structural ❑embers.

20.1.4 ECU d~.
. . No test data are available to show whether the ECU,

itself, can withstand the d~amic” loads described above. This is a source of
some concern. Design criteria specify that ECU’s be able to withstand
railroad humping and it is assumed that they are being manufactured in
accordance with the specifications. However, the nuclear overpressure loading
at 7.3 psi is worse than the humping loads and it is unlikely that the ECU’s,
without extensive protective measures, would survive it.

20.2 ~. The mounting designs in this appendix are based on the
Army S280 C/G shelter, which is similar in end dimensions and construction
features to most other unhardened and non-expandable shelters. These designs
should be adaptable to other shelters of similar dimensions fairly easily.

20.2.1 ~ and we-. The S280 C/G shelter, “the model used for
❑ounting designs, has outside dimensions of 7-1/2 feet in height x 7-1/2 feet
in width x 12 feet in length, It weigh? about 1400 pounds and uses sandwich
construction for the wall, roof, and floor panels.

20.2.2 Jl?.allQarA cowK@A&rA.

20.2.2.1 MMUUQWA. The wall panels, to which the Ecu racks -t be
attached, consist of a 2-inch thick urethane foam core (density 2 pcf) to
which 0.040-inch thick sheets of 5052-H34 aluminum alloy have been cemented on
both inside and outside surfaces. Although the panels are formed with
aluminum extrusions on the edges and are stiffened with aluminum extrusions
placed inside the panel, it.is not feasible to transfer the dynamic loads from
railroad humping directly to the composite wall. The lack of compressive and
shear strength of the low-density urethane foam core is the limiting factor.

20.2.2.2 ~. Paper honeycomb is a much stronger core
material than 2 pcf urethane. For this reason, shelter panels with paper
honeycomb cores11 do not have internal stiffeners. The result is that the
panel strength is comparable to urethane panels, and the ECU ❑ounting frame
attachment and load transfer are also comparable. The same mounting frame
designs are adaptable to both urethane and paper honeycomb panels and no
design was made specifically for either one.

20.2.3.1 Two leading shelter manufacturers12 advised that
the shelter end panel probably would not stand up to the design loadings (see
20.3), especially for the heavier ECU’s, unless the panel were specifically
constructed for the loads. They further said that it would be risky to fit a

l“Dynamic loadings caused by acceleration due to rail humping are 6g in the
transverse and vertical directions and 10g in the longitudinal direction.

llBrunswick Shelters, for example.
12Craig Systems and Gichner Mobile Systems
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mounting frame to an end panel without the aid of the structural
for the particular shelter being,used, since the structural design of
is not uniform; the size, placement, and number,of stiffeners is not
even within a given shelter type and model. They therefore

recommended transfer,rings~me of the loads to the side and roof panels which,
in shear, can take them better.than the end panel can be expected to take them
in moment. The. fact that the mount designs presented here do pot rely
specifically,on the panel stiffeners for strength or bolted attachments makes
it easier to adapt the mounts to a variety of end panel designs.

20.2.3.2
,.

~dened structure. Since the mounting racks are designed to
survive limited nuclear overpressures, they must be attached to shelters
hardened to a comparable ,degree. When attached to an unhardened shelter, a
rack would survive only as long as the shelter does. Nevertheless, the
mounting racks have been designed to be adaptable to either the unhardened or
hardened shelter, the latter with the ability to withstand a peak free-field
overpressure up to 7 psi.

20.3 In addition to the weight of the units,.the rack
must be capable of supporting the ECU’s when subjected to the acceleration
forces caused by railroad humping (see footnote to 20.1.3).
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