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TITLE: Free Breathing Static Dehumidification (FPBSDH) System

Field Test Results (Prototype Units)
ABSTRACT

‘)Deterioration of materiel from moisture induced corrosion in

shelter/trailers/vans (S/T/Vvs) during shipping/storage led to the
development of a self-contained system which would maintain a
relative humidity (RH) of 40 percent or less within a S/T/V for a
period of two years without desiccant changes. This particular
system is static because there is not an external means to gener-
ate its operation of maintaining the RH of 40 percent or less.

Six prototype FBSDH Systems were fabricated under contract number
33700-81-C~0074. PFive units were placed in a field service test
at SM-ALC/DSTD, McClellan AFB CA and one unit was placed in a
field service test at HQ AFLC/DSTZ, Wright-Patterson AFB OH. The
field test operation was established to verify the prototype
design and to determine the actual life of the desiccant charge.

The first year results of the two year field test data indicate
that the prototype FBSDH system did not verify the design
requirement of maintaining a 40 percent or less RH in the inte-~
rior of the S/T/Vs. However, it is anticipated that the FBSDH
system will maintain the 40 percent or less RH level when
properly installed in a fully refurbished S/T/V or in a new
S/T/V. -
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‘_::, EXECUTIVE SUMMARY
s &
g The US Air Force has long recognized the need for environmental )
B protection of materiel in shelters/trailers/vans (S/T/Vs) during
" shipping/storage. Deterioration of materiel from corrosion, due
v to the presence of excessive moisture in S/T/Vs results in high
X maintenance costs to the US Government.
4 The moisture problem has been addressed at various times in the
v past years; however, the goals to meet the operating and design
requirements have fallen short of providing state-of-the-art
> environmental protection for equipment. Variables such as the
@ quantity of desiccant required, the effective placement of
:: desiccant, and the service life of the desiccant, have not been
N fully explored.
A self-contained, modular unit has been developed under contract
N to provide a dry storage environment for materiel inside of
) S/T/Vs by maintaining a relative humidity (RH) of 40 percent or
o less for a period of two years without desiccant changes.
\n'
. Field test operations were established with five shelters at SM-
ALC/DSTD and one shelter at HQ AFLC/DSTZ to verify the prototype
. design and to determine the actual life of the desiccant charge.
- It should be noted that the S/T/Vs used at SM-ALC/DSTD were not
- new shelters, but were reconditioned in an extensive sealing
”. operation to reduce the amount of leakage into the S/T/V. Conse-
% qguently, the field test operation was initiated with less than
. ideal S/T/Vs with the best effort conditions.
:j Results of the first year of the two year field test, 15 Jan 1985
“r through 31 Dec 1985, indicate that the design of the prototype
> FBSDH system did not verify the design requirements by maintain-
) ing a RH of 40 percent or less in a S/T/V. However, it is
~ anticipated that the FBSDH system will maintain the 40 percent
or less RH level when properly installed in a fully refurbished
Q S/T/V or in a new S/T/V.
*
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INTRODUCTION

BACKGROUND: During storage and transportation of S/T/Vs, proper
corrosion control is not always accomplished. Resulting in
repair/replacement of electronic items in S/T/Vs. A prototype
FBSDH system has been developed under contract to reduce humidity
and prevent water induced corrosion of electronic equipment
housed in S/T/Vs.

Preliminary design parameters for the FBSDH system were
established from published literature on dehumidification sys-
tems. The conceptual design was developed and laboratory tested
to verify design criteria. An estimated two year service life
for the desiccant charge was derived from the laboratory tests.
To determine the actual service life of the desiccant, field test
operations were established at SM-ALC/DSTD, McClellan AFB CA and
HQ AFLC/DSTZD, Wright-Patterson AFB OH.

The FBSDH system was designed to be effective for a S/T/V size of
8'x8'x10' (640 cu ft). The FBSDH system is a self-contained
modular unit which allows air flow through the unit when placed
in a sealed S/T/V during shipment/storage. This air flow (or
breathing) is created by changing environmental conditions. The
FBSDH system is a static system because air is not circulated by
dynamic dehumidification machines or fans.

The components of the system are suitable for use in an environ-
ment of -40 degree F (-40 degree C) to +155 degree F (+68 degree
C). The system is designed for a breathing cycle of 90 degree F
at 95 percent RH to +120 degree F at 40 percent RH with five
hours of in-breathing and five hours of out-breathing during each
24 hour period.

For a FBSDH system to work, all breathing air in and out of the
S/T/V must pass through the FBSDH system. Therefore, the S/T/V
must be adequately sealed to ensure that all breathing in and out
of the S/T/V is only through the FBSDH system.

The FBSDH system 18 designed to be easily installed and removed
from a S/T/V (see Appendix A). The only modification required to
a S/T/V is to cut a hole in the wall or door to install the FBSDH
system. Also, the system can be completely serviced without
opening the S/T/V.

o

PURPOSE: The purpose of the field service test project is to
verify the prototype design of the FBSDH system and to determine
the actual life of the desiccant charge.

TEST SPECIMENS: Six systems (Figures 1 through 6 and Appendix B)
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vwere fabricated under Air Force contract number 33700-81-C-0074
by AGM Container Controls, Inc., 3526 E. Lowell Road, P.O. Box
40020, Tucson AZ 85717-0020. Five systems were installed in
shelters at SM-ALC/DSTD, McClellan AFB CA 95652 and one system
was installed in a shelter at HQ AFLC/DSTZ, Air Force Packaging
Evaluation Agency (AFPEA), Wright-Patterson AFB OH 45433-5999.

The interior of the walls and roof of shelters 1, 2, 3, and 4 at
SM-ALC/DSTD are foam and beam construction, while shelter number
5 is constructed of paper honeycomb materials. The interior of
the shelter at HQ AFLC/DSTZ is not insulated and the walls and
roof are constructed of sheet metal.

Test Outline and Test Egquipment

Equipment used to monitor the interior relative humidity (RH) and
temperature (T) of the shelters during the field service test is
as follows:

a. Probes for HYumidity and Temperature Measurement
Vaisala, Model HMP 23 UT
(T = -20 degree C to +80 degree C/-4 degree
F to +176 degree F)

b. Transmitters
Vaisala, Model HMT-~13B
(T = -20 degree C to +80 degree C and RH 0 to
100 percent) with 4-20mA output signal for both RH and
T.

c. Data Logger, Precision Digital
Model No. 1045-FTM-MA-N-N
Serial No. 208666

The shelter tightness test for air and water leakage was conduc-
ted in accordance with the methods in Appendix C, and performed
on the S/T/Vs prior to installation of the FBSDH system (see
Figures 7, 8, and 9). At this time, an extensive sealing
operation was necessary with a polysulfide compound to eliminate
.he excessive air leakage. No requirement for the pressure/vacuum
decay rate had been established at this time. Equipment used for
this test was fabricated by AFPEA personnel in accordance with
Pigure 7 and was forwarded to SM-ALC/DSTD for their use in the
preparation of the shelters for the field service tests.

After the shelter tightness tests were completed, a draw-down
test was performed to dehumidify the interior atmosphere of the
shelter(s). To lower the RH in these shelters, draw-down
cartridges from the FBSDH system were installed to expose the
silica gel (desiccant) to the shelter environment. In the draw-
down confi. ration (Figures 1, 5, and Appendix D), approximately
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84 percent of surface area of the silica jel is exposed to the
interral S/T/V environment, promoting the absorption of excessive
molsture frow the shelter interior into the silica gel.

Upon ccupletion of the draw-down phase, the draw-down cartcidges
were removed from the housing and service cactridyes wece placed
into the housing to start the field service tests (Appendix ).

The reacte numidity indicator (Figures 1, 10, anu 11) is used tce
display the percentaye of interior huwidity in tne S/T/V and
should be cbserved at frequent intervals.

Layvout of the shelter positions in the field test operations are
shewn in Figures 12 and 13 at Sii-ALC/DSTD, icClellan AFB CA ang
HQ APLC/DSTZ., Jright-Patterson AFB O, cespectively.

Table I outlines the inteciw ceporting for the deta obtainead frou
the field service testing.

Test Procedures and Results

Inseection

Six systems were shipped froun the contractor AGHM Container Con-
trol, Inc., to SM-ALC/DSTD. Visual 1inspection of the exterior anc
interior surfaces, warkinygs, hardware, strappiny, seals, and

any manufacturing iumperfections was made by cngyineeriny persconnel
frow SM-BALC/D3TD.

Results: Results of the visual inspection was satisfactory.
Workweanship on the systews was classified as excellent.

S/L/V Tightness Test

The 3/T/V tightness test was conducted in accordance with amethods
in Appendix C.

Results: Results of the pressure/vacuum tests are annotated in
Table II and indicate that 2.0" Water Pressure (WP) held for
approximately 30 minutes or less in each of the shelters, with
the exception of shelter Ho. 1 at SM-ALC/DSTD. These results
conclude that the shelters were not very air tight (excluding

No. 1 at SM-ALC/DSTD). All shelters reguired an extzensive sealing
opreration to establish the values in Table II and were considered
satisfactory to initiate further testing. A pressure/vacuum decay
rate had not been establishad; therefore, the data was retained
tc determine the decay rate cciteria for the S/T/Vs.

Draw—-Down Procedure

The draw-down procedure to pre-dry the shelters was conducted 1in




accordance with the methods in Appendix D.

Results: Results of the draw-down are annotated in Table III.
The shelters at SM-ALC/DSTD were below 30 percent RH for the
draw-down phase and were put into their service mode immediately.
Also, more than 40 hours were reguired for the draw~down period.
The draw-down phase at HQ AFLC/DSTZ reached 10.4 percent RH, but
this figure may be erroneous because of problems with the
recording equipment. However, since this is the only RH value
available on the shelter interior, after 4 days in the draw-down
phase, it was considered satisfactory and FBSDH system was put
into its service mode.

Field Service Test

The field service test was conducted in accordance with methods
in Appendix E.

Results: The field service test for 1985 at SM-ALC/DSTD are
displayed in Figures 14 through 21 and are as follows:

Shelter No. l: From Table III, the draw-down phase obtained a
minimum RH reading of 28.8 percent. From the follow-on data,
Figure 14, the interior RH continued to increase as the field
service test was continued. No effort was made, however, to
restart the field service test since the data was required for
evaluation of the FBSDH System. Figure 14 indicates that the
interior maximum RH for each day throughout 1985 remained above
the 40 percent level. When the draw-down phase was initiated,
little temperature cycling occurred (see Figure 15) under high RH
environmental conditions (see Figure 16). Therefore, it has been
determined that these conditions contributed to the FBSDH
system's inability to maintain the internal maximum RH of 40
percent or luss. In addition, it has been determined that
moisture may have been trapped in the interior walls of the
shelter. The sealing operation on the outer surface only allowed
the moisture to migrate into the shelter interior and resulted in
the high RH readings throughout 1985 (see Figure 14).

Shelter No. 2: The draw-down phase, Table III, obtained a minimum
RH reading of 11.9 percent and was considered satisfactory to
start the service phase. The data from Figure 17 displays the
interior maximum RH for 1985 below the 40 percent level only
after the draw-down phase and throughout the month of August.
This indicates that the draw-down phase did reduce the interior
RH and that moisture migrated from the interior of the walls and
was absorbed by the FBSDH system. This resulted in the higher
interior RH readings for the first 3 months of 1985 (see Figure
17). However, from April to August greater temperature cycling
occurred, promoting the FBSDH system to reactivate itself and
dissipate the absorbed moisture into the external environment.
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This was eviagent in the below w0 percent o onings throo.hout
Auguot (See Pijure 17, Juliun Jete 210 t. 244)0 In the latterc
part of 1585, foon Jegteaber £ UvlosLor, the téngufature
diffeeconce for vl cuy Cceoioaced [(Sste Siguce 18), ladicatiag
luss wreathing. P02 Caused the lnternal i to ‘acredsce (sce
Figure 1<), Visual exawiiation cf the snhelbe:r cxtericr dia not
reveal any deterlioration to the Lealed arcas, therefore 1t haz
i, cadses thin

veen detoertilnca that the lack or tewperitur ogolid
higher inteciour 28 recordings. The fleld sorvioe el o oo

conblivec Lo odutrticonal data.
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Zheltec wo. ot
R ceauinge oL LZ.u LECCLNL Lnd wal JONLoliuviea walilstacteory to
1nttrate the serviae Hhasz. CSilyure L3 diglays Lhe Graw-dgown
plasc, 5 te 12 Fen LD, CSeauces the lnferaal Luxidna. Qi te 2203
perCont. In the oerlfivlle LNazoe, L€ waxkliclh o goaduclly, 1ncreased
Lo thie 25 te 4L ercent level o€ walntalned thet level until the
end Ot llovember {(swee oigure i, Julian dates 229 to o2bh). At the
ena of Novewber, tite Laternael maxladi of8 deodwdced te 0 Lcrce
At the Steginniang of ecelber, the maxinuag intecaal M 1ncreasca
to opproxitwately 28 percent Gue wainly te hign coxtecnal R
conuliticns cauzed fcoin ral: . he yeac of lSLd clused witn the
maxiisui internal RH of 31 peccent. The perforiuance of the shelter
do. 3 throughout 1285 was very satisfactory; however, testing hag
contraued for additionul deta.

e diaw—uuwl phd.)u, larr v

O

Saeites NO. 4: the araw-—uwowh phase, Table [1I, obtained a
miniloum RO Of 20.7 porcent and was censidered satisfactory to
1nitiate the sevvice phasge. Pigure 19 cispglays tihe draw-down
ohase, 15 to 17 Jan 1935, reduced the internal waxiwmuiw R to 33
gercent. The internal Laxi.ue R yradually increased to ti.e 55 to
o0 peccent level until :id-June and rewained at that level until
tae @« of Noveowber. It had boecen deternined that wolsture
wivrated frow the intercior of the shelter walls and was aosorbed
by the PBSDH systew. This resulte’ In the 55 to 60 percent RH
Level Lrom June Lo xovewboer. At the beginniieg of December, the
internal waximun RY doccesced yradually over o twe week period to
apwroxlaately 49 percent, then incceased te approximately 52
percent (see Pigure 17). This increase in intecnal RH corresponds
LC an 1ncrease 1a the enviccamental M and riiny conditions (see
Fi,ur: 18). Finally, the year closed with a internal maxioum RH
ot 47 porcent anc Lt oaopnearcd the FBSDH sysctem began to
reas-ivate ltself. Testing 15 beiny continued for udditional
data.

Shelter No. 5: The draw-dcwn phuse, Table I1I, obtained a

sinloun internal 2H of 1Y.0 peccent and was considered

Satlisfactory to sturt the service phase. PFigure 20 disglays the

draw-dcwn phase had reducea the internal waxiuvn K to 39

peccent. In Che soovice phiase, the internul saxiaita, 2t rtellowed
£ {see Figure lu) throughout the

Lhe external maxiteun M troend
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year except Lol Novewwer anu Deccuwnel. QNls ColesponicliCe
Detween internal anu external waxliul RHE was antlclpated DeCause
of tne pocr shelter conditica and the inabllity ol tae snultec to
holu pressure or a vacuua {sSwve Yavle I1). It apprars frow Figyure
20 that the FBSDh system begyan to reactivate itselfl duriay the
last two months of 1985. Testinyg is beiny continued for
adaditional oata.

Lres 24 anc £33, at ¢

-~
=

Results c¢f the ficld survice tect, &2
AFLC/DSTZ ure ws £ I

Sheltcr lic. l:  liace <raw=-dowh phase, fable 111, cetained a
minifilbm ticelnal 23 Sf Z.¥ peccunt, bubt thls valul wdy e
erronecus duv to problewms with the cecocding equipaent. ficweves,
since this is tne only RH value availacle on the chelter
lnterior, 1t was considered satisfactory and the FRSDI systein was
put into 1te service operation. TFlyure 22 dispglays the draw-down
ohase, 8 to 13 Augyust 1985, obtained a internal waximua R of
38.2 percent. Theoughcut the secvic: phase, the 1nternal woxiwun
RH remained baelow the 50 percent level 2xcent on 12 to 15 Zeptein=
ber, 20 to 21 Ncvewper and 2 to 3 Deceaber. Thesce results are
favoranle, since the intecnal humidity was ket below the level
of the external ccaditions (see Figure 23). tiowever, condenszation
may have forwed on the uninsulated walls and roof bLecause the
level cf internal maxiasun humidity is gjenerally above 40 percent.
The field secvice test is being continued for additional data.

Cost:

Cost studies for production quantities have been completed and
are summarized as follows:

FULTIPLE UNIT PRICE ESTIMATE

NUMBER OF FBSDH SYSTEMS PRICE PER ©3SDH SYSTEM
10 - 25 $3400
26 - 50 52400
51 - 100 51700
101 - 500 $1300
501 -~ 1000 $1000
1000 oc wore 3950

a. A P3SDa systen congists of one (1) housing,

one (1) cewote indicator tube, twe (2) relative huwidity
indicatcers and three (3) cartridges filled with silica
gel.
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b. Prices 1acluace presecvatlon aCrRaying LoC tne
cactridges 1n accucdance with LIL-P-1lo Subuiethou la-1la
and coulkeercinl L ochking for the cousl

. Y
ceele Eyoccin.

Cc. Prices are for planning purposes ia 1984 dullacs.

Counciusions:

Sesults 2f tne fifst year of the two year flcela nervice test,

15 Jun 85 through 21 Dec 85, did not verify tue design of the
prototbype Fiull onysten by welntaining a 40 ,crcznt or less R oin
tie intecioc ¢f the $/T/Vs. S/T/Vo used in the fiela test ogera-
tioa at SHM-ALC/LSL were nct new and reguired an extensive secal-
ing operaticn on the doors, fastencrs, yasiets and any othecr
vpeninge te prevent air leakagye. The sheliec at APPLEA was not
tasulated and nac a wooden flocr; therefoure, the flecor ceylired
the application ¢f a water-barrier lawinate. Consequently, the
field test operation was inittieted with less than ideal 2/1i/Vs
and with best effort refurbishing conditions. However, it is
anticipated that the FBSDH system will aintain the 40 nercent or
less R11 level when prowerly installed in a fully refurbished
S/T/V or in a new 3/T/V.

All shelters acquired the 40 percent or less RH requirement for
the draw-down phase, but when the service phase began the RH
yradually 1ncreasec above the 40 percent level. Three of the tive
shelters at SM-ALC/DSTD (MNc.3 3, 4 and b) hawo colnciding intecnal
maxiwu RH, but at slightly different humicity levels. Four of
the rive sheltecs as SM-ALC/DSTD (Wo.s 2, 3, 4 ana 5) obtuincc
s1nilar internal waxiuwum RH trends during the suwmer wonths (May
througyh Auyust). Shelter No. 1 at SM-ALC/DSTD remained consis-
tently above the 40 percent level 1n its service mode. The shel-
ter at AFPEA also went above the 4C percent level during 1ts
service phase thecouyhout 1985. liowever, the intecrnal aeximun RH
was approximately 25 percent [ Lower than the iaxisuw eavicon=-
mental R’H for the sanme yiven periocd. The various RH trends were
creatcu by the difterent $/1/V ccnditions. It has also been
deterwmined that moisture 1n the interior of the walls of the
shelters at SH-ALC/DSTD migrated into the shelter 1nterior and
was absorbed by the FBSDH systew at diffecent cates and resultea
in o reoter than 40 percent 2il thiccughout 1930,

Further cxamiaation of the data indicate moce emphasis is re-
gulred in the following «reas:

1. A wmethod to detect lccalized water-intrusion through the
external surface of the shelter structured sanel (fcownm TO 35E4-
1-162, paragcaph 4-29) will be conducted prior to the pres-
sure/vacuun test to hely detormine the condition of the S/1/V:




a. DETECTION OF LOCALIZED WATER~INTRUDED AREAS. If, during
periodic inspection, delamination is suspected on an external
surface of the shelter structural panel, the panel must be
further examined to determine possible causes before repair is
made. The most reliable and efficient method of detecting delam-
inations and/or voids is to use the coin-tap method. The extent
of the delamination and/or void must be marked with chalk or a
marking pen. Before repair, reinspect the area within the
marked outline for any possible holes, riveted doublers, or
bolted fittings which either lack sealant or where sealant has
cracked or peeled away. If sealant is defective or missing, it
is almost certain that water has intruded inside the panel and
damaged the core material.

Refer to the appropriate procedure in 10 35E4-1-162 for the type
of repair that is required. (Appendices C, The S/T/V Tightness
Test, and D, The Draw-Down Procedure, must be changed to reflect
this procedure.)

2. The S/T/V housing the FBSDH system must have a pres-
sure/vacuum decay rate that will hold 2.0" WP for 60 minutes
(Appendix B, The Prototype Unit, paragraph 1.4 and Appendix C,
The S/T/V Tightness Test, paragraphs 4.6 and 5.2, must be
changed to indicate this decay rate).

3. The draw-~down RH of 40 percent or less must be held for a 24
hour period to ensure that the maximum RH level for that day is
actually below the 40 percent or less level. (Appendices D, The
Draw-Down Procedure, and E, The Preparation and Maintenance of
the FBSDH System, paragraph 2.1, must be changed to indicate
this.)

4. The service phase must be initiated after a proper draw~down
phase (see $#2), between 1200 and 1600 hours, when the external
RH is approaching its lowest level of the day. (Appendix E, The
Preparation and Maintenance of the FBSDH System, paragraph 2.1,
must be changed to reflect this.)

From test iriormation gathered thus far, it has been determined
that limited implementation of the FBSDH system should be start-
ed. An operational test and evaluation of the FB°"H system
should be planned and coordinated with ESD Hanscom AFB. Procure-
ment of the new FBSDH units should incorporate all modifications
or changes in design developed as a result of prototype field
test operation at SM-ALC and HQ AFLC. In addition, the new FBSDH
systems should be installed into new S/T/Vs to ensure that the
units are used to control the interior environment rather than
extracting and absorbing trapped moisture from the S/T/V's
walls.
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Recommendations:

1. Continue with the field secvice testing at SH-ALC/D31D
tnrough 31 Oct 80 to determine if the ¥FBSDH will reactivate
itself durinyg the suiwiec wmonths.

2. Continue with the field service testing with Shelter tio. 1
at HG AFLC/DSTZ through 31 Aug 386.

3. Pressure/vacuut test sinould be conducted at the conclusion of
the field test operations at SM-ALC/DSTD and HQ AFLC/DSTZ.

4. Complete data evaluation for the entire field test operation
at SM-ALC/DSTD and HQ AFLC/DSTZ, to determine trends in the Ril
and tewperature of the interior shelter enviconuents.

5. Value engineer the FBSDH systewm to reduce the unit cost and
increase the unit's effectiveness (increase the amount of
gesiccant).

6. Pending completion of the field service test, coordinate and

select with ESD Hanscom AFB a proyram to implement an operatioa-
al test and evaluation of the FBSDH systewm into new S/T/Vs.
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APPENDIX A

INSTALLATION OF A FREE BREATHER STATIC DEHUMIDIFICATION
SYSTEM AND HUMIDITY INDICATORS IN A SHELTER/TRAILER/VAN

1.0 INTRODUCTION

1.1 Two humidity indicators are used with the installation of
the FBSDH system. One humidity indicator is installed in the
cover of the FBSDH system and the other is installed through the
wall of the S/T/V in a location away from the FBSDH system. The
humidity indicator installed in the cover of the FBSDH system is
a guide to the condition of the desiccant in the FBSDH system.
The humidity indicator located away from the FBSDH system is a
guide to the RH in the S/T/V.

1.2 The humidity indicators contain a color change disc which
changes from blue to lavender to pink as the RH increases and
turns back to blue as the RH decreases.

1.3 Each color change disc is divided into four segments, these
segments correspond to 30, 40, 50, and 60 percent RH respec-
tively. For example, if the 40 percent segment of the disc is
lavender or pink, the humidity indicator is indicating a RH of
over 40 percent. But it is also indicating that the RH is less
than 50 percent.

1.4 The FBSDH system is a self-contained modular unit. fhe
FBSDH system is designed to be easily mounted and/or removed from
the exterior wall/door of a S/T/V.

1.5 The air inlet tube to the FBSDH system is designed to
protect against the ingress of blowing snow, rain, dirt, insects,
animals, birds and/or other foreign materials.

1.6 Each FBSDH system module was designed to hold enough units
of desiccant for a service life of two years and should maintain
the RH of 40 percent or less in a S/T/V that is 8'x8'x10' when in
accordance with MIL-STD-210B, Table V.

INSTALLATION OF FBSDH SYSTEM

2.0 The FBSDH system is to be installed in the main structure of
the s/T/V.

2.1 The separate humidity indicator is to be installed in the
structure of the S/T/V as described in paragraph 2.6.

2.2 Select a location in the structure of the S/7/v for instal-
lation of the FBSDH system. Check carefully for clearance around
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the Fu5bd Systed ane particularly the cloucence for protrusion of
the £BSDH systew iato the S/U/Vv. In tace uravw-down configyuration
a clearance of 14 inches 1s cegyulr:d accund the cartridges. 1ne
FBEDH systew cover wusht Lo u .lessible frow the eatericr S/1v/V for
servicing while the 5/01/V i1s in storade. & vocr of the 8/1,/V iz
the preferred lccation.

2.2 Usinyg the tewplate shown in figuce 249, <ut the regyuired
opening for the installaticon. 1If the cut & 1n honeycowd or
sandwlcea construction, seal the filler betwocn the inside anu
cutsilde sheathing with a polysultide vongound (conforwming te oIL-
3-¢l733, lype I-2, colvent) in a well vearilated acea. cefer tc
PO SLl4=-l-1o2, pacragyraghs 4-15, 4=10 ance 4-17 toc further in-
StLuctions on agpilcation procedures.

2.4 Apply a thin coating of sculer (polysulfide cowpound) to the
inside sucface of the wountiay flange on the I'BSDH systow hous-
iy, and attacn the “BILU nouwsing to the S/0/V uwsing civets or
drive sScrews. RQenove excess sealel.

2.5 Check the installec FBSDH systew for clearance and rocin for
prctrusion of the cartridyes intc the S/1/V.

2.6 Select a location for the separate huridity indicator tube.
This locaticn shoula be remote frowm the F3SDil systew wain unit.
IThe cpposite end of the S/9/V is the preferced location; however,
the separate humidity indicator may be installed at any location
wore than five feet away frouw the FBSDH and about four feet above
the betrow of the 5/1/V. The separate huwidity indicator should
be installed in o location that can oe viewea when the S$/7/V 13
in storaje.

2.7 Using tne teaplate shown in figuce 11, cut an opening foc
the separate huwidity 1ndicator tube. Seal tne ovpening cut and
the flange of the holder as described 1n paragraphs 2.3 ana 2.4.

2.3 wnoroughly clean the inside ot the 3/1/v. .ip2 all
sucfaces clean and free of visible nmoisture. <Close and secure
all accesces, doors and openings in the 3/7/Vv. lastall a
huiwidity i1ndicatoc in the hele provided in the upper rigyht hand
cutner of the PPBSDH systew cover and install the FBSDH systew
covaer.  Install a huwicity indicateor in the holder instelloed in
paravcaph 2.6 ana 2.7.

12
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APPENDIX B

FREE BREATHING STATIC DEHUMIDIFICATION SYSTEM
{ PROTOTYPE UNIT)

1.0 INTRODUCTION

1.1 The FBSDH system 1s intended to provide a dry storage
environment for materiel inside of S/T/V by maintaining a rela-
tive humidity of 40 percent or less during the diurnal breathing
cycles.

1.2 Changes in the atmospheric temperature will create chanyes
in the air flow through the FBSDH system. As the interior temper-
ature of the S/T/V will increase, the interior pressure will tend
to increase causing the air in the S/T/V to flow out. As the
interior temperature in the S/T/V decreases, the intericr pres-
sure decreases tending to cause air to flow in. These daily
chanyes in atmospheric conditions is called the diurnal cycle. In
the inflowing phase of the diurnal cycle, the air is usually
humid. This inflow of humid air raises the RH in the S/T/V and
causes deterioration of materiel inside the S/T/V. The FBSDH
system is desiyned and 1installed so that the flow of air into and
out of the S/T/V will flow thcouyh the FBSDH system thus drying
the air and preventing the increase in RH in the S/T/V from
exceeding 40 percent.

1.3 The FBSDH systew is used initially for reducing the RH below
40 percent in the S/T/V (called the draw-down phase) and alsc for
waintaining the RH in the S/T/V below 40 percent (called the
service phase).

1.4 1he FBSDH system is intendea only for installation in S/i/V
that are desiyned anc rabricated to have an established
pressuce/vacuun decay rate that will be deterwmined fcou this
field test operation.

2.0 DUESCRIPTION OF roShH SYSTLL

2.1 A Cchesatle dlagraw of the FBSDH systew i1s shown in Figure
1. It consi-to of o .ajyur ualt to be wounted in a wall or decorc
ol a S/1/4 and 1 scpadate hualdlity incicator to be wsunted
remctely foo.. the wajor unit to wonitor the atwmosphere inside cf
the £/T/V. The wmajor unit contains three (3) replaceable desic-
cant cartriaggyes.

2.2 The aagj.r unit or tne FaSDH Systew is a housing 28" high x
15~1/2" wice x 9" deep ano welghs 14 pounds. 1a. housing con-
structicn includes a flange. the tlange contains 26 1/4"

dliaweter noles tu oo dovd tor wounting the FBSDH systeam on the
3/T/V. Insiae cf tne noeusing is a vaffle systew which contains
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' chambers for installation of desiccant cartridges. The batfle
X system includes a breathing tube and passage to direct the flow
>

of breathing air through the desiccant cartridgyes. The major
unit is provided witn a cover which is attached to the housing
with 22 captive screw type tasteners. 1In the upper right hand
corner of the cover is a Humidity Indicator used to monitor the
condition of the desiccant charge. An inlet elbow is attached to
the lower right hand corner of the cover. A rubber plug for the

Y,
> -

':3 inlet opening is attached to the cover by a chain.

o)

. 2.3 Three cartridges of silica gel are provided with each FBSDH

o system. Each cartridge contains approximately 17 pounds of silica

Ciy gel MIL-D-3716, Type II1, grade H. The total of 51 pounds of
silica gel is equivalent to approximately 600 units of desiccant.

o The top, bottom, and three sides of the cartridges are of perfor-

-, ated aluminum alloy. The fourth side or edge of the cartridge is

D solid (unperforated). The rubber strip in the cartridge

Vs construction is to seal the cartridye to the baffle assembly

RS
4

when the cartridges are insta'led in the housing. Figure 4 shows
a cartridge.

2.4 The cartridges are designed to be installed with the unper-
" forated surface facing outside the S/T/V for the draw-down phase
(Figure 5). In this configuration a large area of desiccant is

".:\-.' ...

exposed to the humid air inside the S/T/V. For the service phase
the cartridges are installed with the unperforated surface facing

2 inside the S/T/V. In this configuration the breathing air flows

o through the cartridges.

\':

< 2.5 A charge of silica gel in the FBSDH system is used to adsorb

M\ moisture from the inbreathing humid air. The outbreathing air

2 from the interior of the S/T/V flows through the charge of silica
gel in a path that it will remove some of the absorbed moisture

N from the silica gel (Figure 6), and dissipate it into the exter-

N nal environment.

;* 2.6 Pressure drop of the air flow through the system is 0.01

N inches of water. (It should be noted that the lower the pressure
drop through the system, the more likely it is that breathing air

ﬁ: will flow throuygh the system, rather than leaking into the S/T/V

~ through some other path).
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APPENDIX C

TESTING SHELTER/TRAILER/VAN FOR TIGHTNESS PRIOR TO USE OF THE
FREE BREATHER STATIC DEHUMIDIFICATION SYSTEM

1.0 INTRODUCTION

1.1 It is important that the structure of an S/T/V, in which a
FBSDH system is installed, be air tight. Leakage of humid air and
water into the S/T/V must be eliminated for the breathing cycles
to pass through the FBSDH system.

1.2 Since our concern is the leakage of air, a method of testing
using air is required. A pressure/vacuum decay rate has not been
established; therefore, it is essential to retain all data to
determine the decay rate criteria.

1.3 The first step in the air tightness test is to stabilize the
S/T/V for 12 hours in an environment that is not in direct
sunlight. The environment stabilizing the S/i/V must also not
have changed more than 10 degrees F during this stabilization
time.

1.4 The second step in the air tightness test is a thorough
visual internal and external check of the condition of the
S/T/V. Warped doors, small openings, missing fasteners and
deteriorated gaskets and seals should be repaired during this
check.

1.5 Since the FBSDH system will be placed in service as soon as
the tightness test is completed, the interior of the S/T/V should
be clean, dry and ready for installation. Equipment in the S/T/V
should be properly secured. Required documentation such as a
T.0., shipping instruction, etc., for the equipment in the S/T/V
should be checked.

1.6 The method of testing shall consist of applying low pressure
air to the inside of the S/%/V and checking the outside of the
S/T/Vv for leakage using a soap bubble test. When all leaks have
been corrected, a vacuum shall be applied to the S/T/V. Finally,
the differential pressure, between the inside and the outside of
the S/T/V, shall be measured and recorded along with the time
required to hold the 2.0" WP.

1.7 The pressure test is used to apply a pressure to the inside
of the S/T/V so that leaks can be found using the soap bubble
method. The vacuum test is used as a final test.

2.0 TEST EQUIPMENT

L‘{ﬂnlﬂﬂmgi&ﬁiﬂﬁih&y 24
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2.1 Tlhe equlpment ceguicea Lor the test io wnown on Filgure 7.
It consists of a Vac/ulower a Ltest wanlicld, o mahoweter and
hoses to connect tne test egilpuwent Lo the DH50H and to the
Vac/Blower.,

2.2 rhe Vac/8lower supplies the positive pressuce £o¢ thc
pressucre test and the vacuuw ful the vacuuin test.

2.3 The wanometer is useu to measure the diffcrential preccur s
and tihe rats it whicn the diffccrential Dressuce GeCays.

2.4 thin walled flexaiple cudber hose 1¢ uszed tu cunnect the
Vac/Blower to the wanifold and the waniicld to the i1nlet of the
FRSDH. tHose clawps w111l ve ceyulred on tne ents of this nhose ©o
prevent leakage.

3.0 PRESSURE TEST

3.1 Coannect the test wanifold to the FBSDH, as shown on fiyure
9. Close Valve "A." Connect the Vac/Blower pressure 3ide to
the menifold.

3.2 Start the Vac/Blower.

3.3 Slowly open vValve "A" while observing the pressure
differential on the wanometer. If the mancmetec is less than
2.0" WP restrict the openiny to obtain 2.0" WP.

3.4 Usiny a soap solution check all potential sources of leakayge
in the S/1/V. Sources of leukaye would be joints, penetratiocns,
docor jaskets anu oldiilar places. During this test, check the hose
connection between thv wanifold and tne FBSDI systewm. Ay lecaks

are fouana thney should be correctzd or wmacked for correction.

3.5 Correct leaks oy us2 of approved sealing cowpounds, caulking
materials and tape. Recowwended sealing couwpouine is a polysultide
cowpound, PR-468, which 1s 1n accordance with ilL-5-81733, type
I-2 {solvent). This should be applied 10 well ventilated area.
Refer to TO 3584-1-1062, paragyraphs 4-15, 4-1¢ and 4-17 ioc
instructions on cpplication procedures.

2.9 Close Valve "A"., Observe the decay of oressuce on the
wanoweter. The pressure differential should slowly decay. Record
the tlme required to hold 2.0" WP.

4.0 VACUUM TEST

.1l Connect the Vac/Blower for suction on the test manitold.
lose Valve "A". Start the Vac/Blower.

4.2 GSlowly open Valve "A" while ovseoving tae diffecuential

16
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pressure reading oin the wanifolu. Recoru the tiwe to avla 2.0
nNP.

4.3 Repealb tne pressure test and the vacuuw test as necessary to
ensuce the 5/1/V does not leak.

5.0 DATA TO 8k RECORDLD

5.1 A c¢ercification snheef showing that the test has been
completea should ve Rept on file.

5.2 A record of tne cepairs dwade and the conacition of tiae $/i/V
shoula be kept on tile.

0.0 REVESLING

v.l Yhe pressuce ana vacuuw test should be cepcated in the event
of damaye to the 3/1/V, noticeabie detecioration of the seals or
structucre of the S/v1/v »r wodifications tc the S/4/V.

6.2 ‘Yhe pressure and vacuum tests should be cepeated 1n the
event the relative humidity inalcators installed with the F2SUH
show that the desiccant charge is exhausted in a shocter tinme
than expected.

1HOTE :

l. Iwmwediately upon satisfactory completion of this test the
FBSDH system should pbe put in service in the draw-down mode.
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APPLNULAX L

PREPARATION AUD JALWNTLOJAUCE O e BROATIHLNG Lialil
DEHUGIDIPICATION SYSTENMNS FUR FIBLD SERVICE (puSTING

“a B W-W

1.0 14wrODUCYION

L.l ine ¢©BULIH Lystes 18 Intendeu Lo pCovide a Gry stofayw -
cnviconment Lof wabteriel i1asice ol 3/1/7s Ly walnlelnlng & & oi iy
40 percent or less duriny the diurnael breathing cycies. N
1.2 Ine FB30H 3ystewm was gesiyned tor a service life ot 2z gears

in an environment of -40 deyrec ¢ (-40 ageyree C) to +155 deyree

(+08 deycee C) wnen installed in a 3/9/V size of 3'x 3'x 10'.

During this period no maintenance shoula be reyuirced.

2.0 ACLTIVAT1ION OF FBSDH SYSTEM FOR SERVICE

2uiote

P
S/502.

z.1l The draw down phase nas obeen completed whea the
nuanidity wndilcator reads 40 percent oc less. Thae FJeiD
service phase 1s ready to beyin.

<
H

2.2 ‘PFrepare for ceplacewment of the desiccent cartriqiyes oy .
ensucing that three sealzd packages of desiccant cartridyes ace '
ready for installation.

2.3 Remnove the cover Ly looseniny the zcrew fastenecs that hola
the cover to the housing. Remmove the desiccant cartcicgyes tnat
were used for draw down. Imwediately install three noew desico-
cant cartridges. The cartridyges are to be installea with the
pecforateu face out. when pcopecly installed the cartcidyes
will we fluzn with the outsidae of the housing (Ffi,ure 3). ‘Iho
cartridyes ace designec to be a snuy f£1t 1n tne ovatrle asseubly
chamvers. 1The Zaciriuge seal aust be forced over the stops i
the nousing natfle assemnbly.

2.4 Close anu secuce tne ©'BSbil system housing Cover.

2.5 20 pot ulscard tie desiccant cartrlagyes Used [ Lhe wilw
down phase. They may we ceflllea oc reactivates, cefer te
Falagycaysh .0 for proceaure.

e ALy O PREDd SYSTED

2.1 At intecvale o Liace a wontin, Loin adwlidily Lhaicatoro
SOULG e voredved. Loy winouls Incicate 40 pevcent or less R

It the ouwitesty Lncicator o Lhe cover ol Uine ¢3850H oy -

we Qi WUl ol bolow AU porcoent and Lhe fewotu LicilCator SCw.: di
ob wore Lhua Su occont, the O/7/V die leaking. Detocwiae the
zece of tno leainage and nakKe courrections.  defeot the 3/0/V uo
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described in Appendix C and repeat the araw down as described 1in
Appendix D.

3.3 If the huwldity indicator in the cover shows an RH ot yreat-
er than or equal to 40 percent and the rewote lnatlcator shuws ai
R4 of 40 percent or less, the desiccant cartridges should be
replaced. During this period, monitor the remcte 1lndicator twice
daily. If the RH at the 1indicator does not exceed 40 percent, 1t
13 not necessary to repeat the draw-down phase. If the RH at the
remote indicator exceeds 40 percent, the S/T/V is leaking. Deter-
mine the source of leakage and make correcticns. Retest the
S/T/V and repeat draw-dowr-

4.0 REACTIVATION OF THE FBSDLH SYSTEM CARTRIDGES

4.1 Desiccant cartridges may be reactivated by placing them in
a dry vented oven which has been heated tc 260 degyree F. Before
activation the cartridge shculd be weighed and the weight
recorded. The cartridge should remain in the oven for 48 hours.
Remove the cartridge and record the weight. The weight of the
reactivated cartridge assembly should be close to that marked on
the cartridge name plate. If the weight of the cartridge and
desiccant exceeds the weignht marked on the cartridge label plate
by more than 2 pounds, return the cartridge to the oven for
another 48 hours. When the weight condition had been achieved,
mark the weight on the proper line on the cartridge name plate.
If the cartridge is not to be placed in service immediately, it
should be packaged according to MIL-P-116, submethod l1A-14. Tag
the package to indicate date of reactivation and weight.

4.2 Cartridges may be disassembled and desiccant reactivated.
To disassemble a cartridge, remove the eight flat head machine
screws holding the cartridyge top to the sides of the cartridges.
Note how the cartridge seal 1s assemblied between the cartridge
solid edge and the cartridyge top. This seal wmust be reassembled
irn the same fashion. If any part of the cartridge seal 1is
damaged, the cartridge should be returned to a repair base for
repaics.

4.3 Open the nylon bayg containing the deciccant and pour the
desiccant into a clean coatainer. Exawmine the nylon bay. If
the bag is torn, it may be repaired by patching. Retain the
nylon bay for reuse.

4.4 Weigh the desiccant and spread it on a clean flat metal
pan. Place the pan in a dry, vented oven at a temperature of
260 degree F. The desiccant should be allowed to remain 1in the
oven for 24 hours. Remove the pan and desiccant and weiyh the
desiccant. ‘The weight of the desiccant should be close to that
shown on the cartridyge nameplate. If the weight exceeds the
name plate weight by more than 2 pounds, the degiccant should be
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returned to the oven for another 24 hours, or until the weight d
condition has been achieved. f

) 4.5 Prepare the cartridge for refilling by inserting the nylon
bag carefully into the aluminum cartridge canister. The bottom
of the bag should be pushed to the bottom of the canister and the
bag spread to the insides of the canister. Pour the reactivated
desiccant carefully into the nylon bag. Close the top of the bay
with staples or by sewing. Replace the top of the cartridge
exercising caution to ensure that the top portion of the gasket
seal 1s properly installed. Note the weight of the cartridge and
mark the cartridge name plate accordingly. If the cartridge is
not to be placed in service immediately, it should be packaged
according to MIL-P-116, submethod 1A-14. Tag the package with the
weight and date of recharging.

s s a4 & A

5.0 REFILLING OF DESICCANT CARTRIDGES WITH DESICCANT

. 5.1 Cartridge may be refilled with fresh desiccant. Remove the
. top of the cartridge in accordance with paragraph 4.2. Open the
nylon bag and discard the desiccant. ©Note: The desiccant may
be saved by reactivation as described in paragraph 4.4. Check
the nylon bag as described in paragraph 4.3 and 4.5. Refill the
cartridge with silica gel, MIL-D-3716 SPEC, Type II1, Grade H.
Replace the top, checking the gasket seal and mark the cartridge
name plate s necessary. Package the cartridge, according to
MIL~-P~116, submethod 1A-14 if it is not to be put into service
immediately.

ey,

6.0 TAKING FBSDH SYSTEM OUT OF SERVICE !

6.1 The FBSDH system is taken out of service by installing the

plug into the inlet elbow at the lower right hand corner of the

. FBSDH system cover. Desiccant cartridges may be removed or
retained in the housing.

7.0 REMOVAL OF FBSDH SYSTEM

7.1 The FBSDH system may be removed from the S/T/V by unbolting
the FBSDH system housing flange. The remote separate RH
indicator tube way be removed by unbolting the flanyge from the
S/T/V.

7.2 Blank the openings in the S$/T/V with suitable metal plate,
properly sealed.
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TABLE I
INTERIM REPORTING
l. <Type A: Telephonic Communication
Frequency: Once per week for four weeks

Contents: Review of performance of FBSDH during the previous
seven days.

2. Type B: Written Report
Frequency: Once per month for duration of project
Content:

a. It should be noted that data was recorded each day.
every hour within the 24-hour period, for each of the five
shelters.

b. Exterior temperature and relative humidity readings
correspond to 0400 and 1600 hours denoting the maximum
environmental changes in the SM~ALC area according to data from
the USAF weather station.

c. General weather conditions for each 7-day period.
d. This report will also include all pertinent
information that the engineers of record regard as a significant

contribution tc the document of this field test.

3. As the project goes forward, reporting procedures will be
adjusted as required.
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Figure 12.
Field Layout at SM-ALC/DST, McClellan AFB CA
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; DISTRIBUTION LIST

N

\; DTIC/FDAC 2
» Cameron Station

; Alexandria VA 22304-6145

A HQ AFLC/DSTZ Library 20
K Wright-Patterson AFB OH 45433-5999

- HQ AFLC/DSTP 1
- Wright-Patterson AFB OH 45433-5999

; HQ USAF/LETT 1
N wash DC 20330

- OC-ALC/DST 1
o~ Tinker AFB OK 73145

>

) 00-ALC/DST 1
N Hill AFB UT 84406

‘ SA-ALC/DST 1
D, Kelly AFB TX 78241
i SM-ALC/DST/DSTD 1 ea
N McClellan AFB CA 95652

> WR-ALC/DST 1
. Robbins AFB GA 31098
Y

ASD/AWL 1

] Wright-Patterson AFB OH 45433

"d

» DLSIE/AMXMC 1
S USA Logisitics Mgt Ctr

} Ft Lee VA 23801

US AMC Packaging, Storage, and 1

. Containerization Center/SDSTO-T

- Tobyhanna PA 18466

- US Army Natick Labs/STRNC-ES 1
o Natick MA 01760

& NAVSUPSYSCMO/SUP-0321A 5
. Wwash DC 20376

" ASO/TEP-A 1
- 700 Robbins Ave

Philadelphia PA 19111




DISTRIBUTION LIST (Cont'd)

US Army AMCCOM/SMCAR-AED 1
Dover NJ 07801-5001

GSA, Office of Engineering Mgt 1
Packaging Division
Wash DC 20406

HC DLA/OWO i
Cameron Station
Alexandria VA 22304-6145

ASD/ALXP <
3 Wwright-Patterson AF3 OH 45433
3 AFSC AD/YNP/YNEP 1 ea

Eglin AFB FL 32542

HQ AFLC/DS/DST 2 ea
Wright-Patterson AFB OH 45433

HQ AFCC/MMA 2
Wright-Patterson AFB OH 45433

AFALC/CV 2
Wright-Patterson AFB OH 45433

AFALC/0A 2
Wright-Patterson AFH OH 45433

AFLC LOC/CV 2
Wright-Patterson AFB OH 45433

AFLC LOC/TL 2
Wright-Patterson AFB OH 45433

todl sk ol ae

ASD/TAM/TAME 2 ea
Wright-Patterson AFB OH 45433

ESD/ XRMS 2
Hanscom AFB MA 01731
Attn: Major Ron Ege

L0 B Sn an g ot s a4

SM-ALC/DSQS 1
McClellan AFB CA 95652

SM-ALC/MMET (John Waskewicz) 1
) McClellan AFB CA 95652
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DISTRIBUYTION LISY

SM-ALC/MMCGE
McClellan AFBE CA 95652
Attn: Gecrye Isley

SM~ALC/MAIPG
McClellan AFB3 CA 950652

AGH Container Controls 1nc.
3526 . Ft. Lowell Read

PO Box 40020

fucson AZ 35717-0020

Attn: Royer Stewart

U.S. Aruwiy Research, Developument,
Enyineeciny Center/STRNC-UST

Attn: Nick Patav

Natick MA 01756-5000
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