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SUMAARY

The ensuing report represents the entire effort of engineering support,
prototyping, documentation and testing services provided by VSE Corporation on
Task 0024 under Contract DAAK70-86-D-0023. The Task required VSE to establish
equipment which will confor %o a stabilized shelter design and will be used
for Government evaluation t. establish the technical and operational
feasibility for humidity control within the U.S. Air Force Aircraft Service
Shelter.

Coomercial humidifiers and humidity control equipment were procured as a
result of a market survey. No dehumidifiers were procured as it was
determined that the existing shelter heat pump could be used for all
dehumidification requirements. The equipment was evaluated and tasted to
determine suitability for use and to recammend equipment modifications
resulting from deficiencies exposed.

The repoit recommends use of the shelter heat pump with minor centrol
circuitry modifications to provide for shelter dehumidification requirements.
The Dri Steem model W2 humidifier is recommended to provide for the shelter
hupidification requirements. This humidifier must be modified to reduce the
size of the cabinet and to improve response time. Honeywell humidity controls
models H46C and H46D are recommended for control of dehumidification and
humidification equipment. The Abbeon Cal model 4703-602 humidity control is
recammended for continuously monitoring shelter relative humidity and to
control extreme relative humidity alarms. '

Other documentation generated under Task 0024 and included in the
appendices of this report are the "Market Survey of Humidity Control Equipment
fer usa in the U.S. Air Force Aircraft Service Shelter® in Appendix A, "Test
Plan for Humidification, Dehumidification and Humidity Control Equipment® in
Appendix B, "Test Report for Humidity Control Equipment®” in Appendix C, "Test
Report for Humidification Equipment® in Appendix D and "Test Report for
Dehumidification Equipment” in Appendix E.

Appendix F contains sumaries of significant telephone conversations which
occurred during the compilation of this report.
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PREFACE

This technical and operational feasibility report was prepared under -
Contract No. DAAK70-86-D-(C023, Task Order No. 0024, for the Belvoir Research,
Development and Engineering Center (BRDEC), Fert Belvoir, Virginia. Mr.
Robert A. Rhodes served as the BRDEC Contracting Officer’s Technical
Representative, telephone no. (703) 664-6031.

The technical and operational feasibility report represents the Final
Report of the humidity control work and services to be provided under Task
Order No. 0024. The required effort contained in the task order statement of
work is quoted below.

“The contractor shall perform engineering support, prototyping,
documentation and testing services to establish equipment which will
conform to a stabilized shelter desiqn and will be used for Government
evaluation to establish technical armd operational feasibility for humidity
control within the U.S. Air Force Ajrcraft Service Van."




TECHNICAL AND OPERATIONAL
FEASIBILITY STUDY ON HRUDITY CONTROL WITHIN THE
U.S. AIR FORCE AIRCRAFT SERVICE SHELTER

I. INTRCDUCTION

l. SUBJECT

This report provides pertinent information concerning the technical and
operational feasibility analysis performed on commercially available (off-the-
shelf) humidity control equipment for potential installation in a U.S. Air
Force Aircraft Service Shelter. Specifically, this means humidity controls,
humidification and dehumidification equipment necessary to maintain indcor
relative humidity at 453 +10%, required by sensitive electronic equipment
located in the service shelter, under worst hypothesized operational
scenarios.

2. BACKGROUND

On 14 July 1986, the Tactical Shelter Systems Development Office, HG
Electronics System Division, Department of the Air Force at Hanscom Air Force
Base, Massachusetts, through the U.S. Army Belvoir Research, Development and
Engineering Center, tasked VSE Corporation to provide engineering support,
prototyping, documentation and testing services in evaluating humidity control
equipment for potential use within the U.S. Air Force Aircraft Service
Shelters. The Aircraft Service Shelters are an integral part of the F-16
maintenance complex. Twelve Navy International Standards Organization (1S0O)
shelters comprise the F-16 aircraft maintenance complex (Figure l). Eight of
the shelters are arranged in four groups of two, which are designated as "work
stations™. Two more shelters are centrally located and serve as work bench
equipped corridors. The two remaining shelters (3 and 8 in Figure 1) are used
for maintenance of electronic devices and storage of electronic components.
Because thase two shelters contain equipment and processes that are humidity
gsensitive, humidity within the shelters must be controlled. Currently,
heating and cooling in each shelter are provided by a nominal 3-ton heat pump.
The maintenance shelters are partially sealed from the corridor shelters by
plastic scrip doors.

) A

8yt ke ® bat ¥, ¢ *
b"g.f»*:f_gﬂ."ﬂ..‘;' ki ,“-"f‘u‘a‘ﬁ'»‘ﬂ:'




S

Heat -Pump

1 2 3 4 5
Plastic Strip .
Door Location
. el — 7
. L/,
{ b= T: b i
6 7 8 9 10

Heat -Pump )

NOTE: Nos. 3 and 8 are maintenance shelters requiring humidity control.

Figure 1. F-16 Maintenance Complex
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II. DISCUSSION

1. MARKET SEARCH FOR HUMIDITY CONTROL EQUIPMENT

The market survey report which was previously transmitted to Fort Belvoir
is enclosed in this final report as Appendix A. The market survey report
presents the results and findings of the VSE investigation of commercial
humidity control equipment. C(Criteria provided by the Tactical Shelter Systems
Development Office, Hanscom Air Force Base for selecting humidity control
equipment as well as engineering analyses upon which final equipment selection
for testing and evaluation were based, are provided in the market survey
report.

Three basic designs of humidifiers are commercially available. The three
designs consist of the wetted element-type, the atomization-type and the steam
generator-type. The wetted element-type humidifier was excluded from
consideration for requiring hardware much too large for practical use within
the service shelter. The atomization-type humidifier was exciuded from
consideration due to its inherent dusting potential. Problems associated with
dusting of equipment located within the service shelter are discussed in part
6, paragraph (4) of Section II. The exclusion of atomizing humidifiers
represents an exception taken to recommendations of the market survey report.
It wasg originally intended to procure an atomizing humidifier for testing
however, information obtained subsequent to publishing the market survey
report reversed this decision. Reasons for excluding the atomization-type
humidifier are discussed in part 6, paragraph (4) of Section II.

Two basic dehumidifier designs are commercially avaiiabie. The two
designs consist of the refrigeration-type and the desiccant impregnated
element-type. Both dehumidifier designs were rejected due to the extremely
large equipment size required. However, it was found that all dehumidifier
needs of the service shelter can be adequately addressed with the existing
shelter heat pump provided for heating and cooling. Minor modifications to
the heat pump control circuitry enable its use as 2 dehumidifier.

Humidity controls (humidistats) are commercially available using nylon,
hair, paper, electrical resistance and electro-optics to sense changes in
relative humidity. Due to cost considerations and the relatively wide
allowable control range, four hwnidity controls with nylon sensing elements
were selected and procured for testing.

2. DESIGN CRITERIA

Some design criteria provided by the Air Force proved difficult if not
impossible to comply with using cormercial equipment. A sheet of
supplementary specifications (Figure 2) were provided by the Air Force and
several of these specifications proved unrealistic. The size of the
humidification, dehumidification and humidity control equipment will greatly
exceed the 17" width by 27" height by 23" depth allowed. The unit is required
to possess a self contained water storage tank with sufficient size to sustain
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SPECIFICATION-~-HUMIDIFIER/DEHUMIDIFIER

1. Must have separate humidification and dehunidification modes of operation.
2. Must have high/low humidity alarm lamps with adjustable settings.
3. Unit must create and maintain a stable environment of 4383 +7 or -13.

relative humidity within four (4) hours after activation within an 8x8x20 van
or 1280 cu. ft. of interior space.

4. Unit aust not exceed 17" W by 27" H by 23° D and be provided with rack
adapters for mounting in standard 19" racks. Unit must aiso be capable of
floor mounting. .

5. Power requirement must be 120 VAC + or - 10%, single phase, 50/60 Hz.
Unit must be fully efficient at 50 Hz.

6. Unit mist be equipped with an AN typs fitting for the condensate drain
connection.

7. Unit must bave a filtered air inlet with a removable/washable filter
element.

8. Unit must have an adjustable, direct reading humidistat.

9. Unit must have a self contained water storage tank, with low water alarm,

sufficient in size to sustain a minimm of eight (8) hours of humidification
at rated capacity.

Figure 2. Supplementary System Specifications
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a miniman of eight hours of humidification at rated capacity. For the rated
humidification system capacity of 5.4 ib water/hr, a 5.2 gallon self contained
tark is necessary. The specified size envelope is unattainable with
comnercial equipment. The proposed system does lessen the impact of equipment
space required by making use of the exist.ng shelter hewt pump for all
dehumidification requirements. However, no commercial humidifiers
investigated in our capacity rarye hiad a self contained water tank of the
required volume, and the propcsed humidification equipment will exceced the
specified space envelope. VSE has performed this ctudy on the basis that, as
long as no single piece of equipment in the humidification control system
exceeds the 17" x 27" x 23" envelope, total system volume 1s not critical.

The 120 volt input power requirement proved difficult to comply with. Few
steam generation humidifiers in the required capacity were available which use
120 volt power. The necessary electrical power required to attain our
capacity is significant. Use of 120 volts requires relatively high currents
for operation. Most steam generation humidifiers in our capacity range use a
208 volt power supply.

Exception has been taken to the requirement for an air filter on the
humidification control equipment. The commercial humidifiers investigated are
not equipped with filters. The inlet air to the heat pump/dehumidifier 1is
already filtered. VSE understands that a non air filtered humidifier is
acceptable.

3. SYSTEM OPERATION SCENARICS

. {1) General. To provide a properly engineered humidity control system
for the service shelter the outaide ambient conditions which the shelter will
encounter must be predicted. The most extreme conditions provided the basis
for determining the design humidification and dehumidification capacity
requirements. VSE understands that the service shelter may be deployed
worldwide. Thus, the extreme environmental conditions specified in AR 70-38
were used to determine required capacities. The design conditions are
discussed in the following paragraphs.

The humidification and dehumidification load calculatisng are based on an
air infiltration rate of 120 cu. ft. per minute. This rate determinaticn is
shown in Appendix A (page F-2 of the market survey report). The variable in
this determination is the shelter plastic strip door. Very little usable
information was received from several plastic strip door manufacturers
concerning uncontrollable moisture infiltration through the inherent gaps
between the strips. However, VSE believed that the strip door should not
present a major moisture irfiltration problem if outside air is continually
brought in through the heat pump so that there is always a positive air flow
out through the plastic strip doors, and if the plastic strip doors are
installed properly. There should be at least a 25% strip overlap, no gaps at
the top and sides, and minirmm floor clearance. This will require a change
from the door installation viewed during a trip by VSE and BRDEC personnel, to
Medley Tonl and Model Co., Philadelphia, PA, the system assembler.




(2) High Temperature, High Humidity. Table 2-3 of the AR 70-38 is
entitled "Hot Climatic Design 'l‘ype Hot-Humid Daily Cycle of Temperature,
Solar Radiation, and Humidity.” This table shows that at a maximum ambient
temperature of 105°F, relative humidity as high as 593 can be experienced. As
shown in Appendix A (page F-4 of Market Survey Report) a dehumidification load
of 9 lb water/hr is calculated. Test data provided by Fort Belvoir on the ECU
Inc. heat pump indicates that the unit hay a dehumidification ability of 8.9
1b/hr at 105°F outside and 80°F, S1%t RH inside conditions as shown in Appendix
A (page F-6 of the market survey report). The heat pump operating in the
cooling mode will provide adequate dehumidification capacity in all but the
most extreme ambient conditions. The psychrometric process for the high
temperature, high humidity condition is shown in Figure 3.

Figure 3 shows ventilation air entering the shelter at 1059F, 59% RH.
This air is proporticnately mixed with inside air at the design condition of
769F, 45% RH. The resulting air inlet condition to the evaporating coil is
79°F, 51% RH. Based on Fort Belvoir heat pump test data, the air leaving the
evaporating coil will be dehumidified to a dew point of approximately 56°F.
The air is then warmed back to the design condition of 76°F, 453 RH.

(3) High Temperature, Low Humidity. Table 2-2 of AR 70-38 is entitled
*Hot Climate Design Type; Hot-Dry Daily Cycle of Temperature, Sclar Radiation,
and Humidity.” <This table shows that at a maximum ambient temperature of
1209F a relative humidity of 3% can be expected. The shelter indoor design
condition that was used in the market survey report to calculate required
humidification capacity at this condition has been modified to more closely
reflect the specified shelter ambients. A high temperature condition of 85°F
and 48% RH is used in the market survey report to calculate capacity. VSE had
inquired concerning the possibility of raising the heat pump thermostat
cooling set point to above its current setting of 76°F to reduce the
dehumidification capacity requirement. The Air Force has stated the 76°F
thermostat set point will not be altered. The task order stated an allowable
relative hunidity range of 48% +8%. Specifications stated by the Air Force
stated an allowable relative humidity of 45% +103. The less severe 453 +103
RH is assumed for final capacity calculations. The revised load calculation
shown below is based on a design condition of 76°F, 45% RH. The following
equation is used to calculate capacity:

where:
M = mass flow rate, lb water/hr

Q = flow rate of outside air, cu. f£t./hr (assume fresh air flow rate of
7200 cu. ft./hr per market survey report, page F-2) .

V = specific volume of air, cu. ft./lb dry air
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W) = humidity ratio of inside air, 1b water/lb dry air

¥, = humidity ratio of outside air, lb water/lb dry air

To obtain the capacity required for the high temperature, high humidity
condition, the following parameter values were used. V, Wj and W; values were
obtained from ASHRAE Psychrametric Chart No. 1 for the assumed conditions of
outside and inszide air.

M = mass flow rate at high temperature, high humidity condition.

Q1 = 720C cu. ft./nr.

V = 14.7 cu. £t./1b dry air for outside air at 1209F and 3% RH.

W) = .0086 1b water/lb dry air for inside air at 76°F and 45% RH.

W2 = .0020 1b water/lb dry air for outside air at 120°F and 3% RH.

Therefore, M} = 7200 (.0086 ~ .0020}
i4.7

= 3.23 1b wvater/hr.

Howe'rer, the humidifier must possess a "pull down” capability so that the
entire service shelter space (1,280 cu. ft.) is conditioned within 4 hours.
This additional capacity, as calculated below, was added to the high .

temperature, high humidity load. The following new parameter values were
used.

My = mass flow rate for 4 hour "pull down" flow rate

Q = 1,280 cu. ft. = 320 cu. ft./hr
i hr

Therefore, My = 320 (.0086 - .0020)
X

= .14 1b water/hr

And the necessary maximum capacity at the high temperature, high humidity
condition is:

M3 =M + M
= 3,23 + .14
= 3.4 1b water/hr. .
The psychrometric process for the high temperature, low huridity condition

is shown in Figure 4. Figure 4 shows ventilation air entering the shelter at
1209F, 3% RH. This air is proportionately mixed with inside air at the design
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condition of 76°F, 45% RH. The resulting air inlet condition to the
evaporating coil is 81°F, 35% RH. Based on Fort Belvoir heat pump test data,
the air leaving the evaporating coil will be cooled to approximately 55°F.
The air is then warmed and humidified back to the design condition of 76°F,
45% RH.

(8) Moderate Temperature, High Humidity. Table 2-4 of AR 70-38 is
entitled "Basic climate Design 1ype; constant High Humidity Daily Cycle of
Temperature, Solar Radiation, and Humidity.” This table shows that at a
temperature of 750F a relative humidity of 100% can be experienced. A
dehumidification load of 5.4 lb/hr is required during this condition as
calculated on page F-6 of the market survey report. The moderate temperature,
high humidity condition must be investigated since the heat pump must operate
in the cooling mode in order to dehumidify, but will not operate in the
cooling mode below 769F, as presently controlled. The heat pump thermostat
set points are such that heating occurs at 72°F and below and cooling eccurs
at 76°F and above. A dead zone exists between 72 and 76°F. In order to
provide dehumidification capability at roderate temperatures the control
circuitry of the heat pump must be modified. The psychrometric process for
the moderate temperature, high humidity condition is shown in Figure 5.

Figure 5 shows ventilation air entering the shelter at 759F, 100% RH.
This air is proportionately mixed with inside air at the design condition of
759F, 45% RH. The resulting air inlet condition to the evaporating coil is-
75°F, 513 RH. Based on Fort Belvoir heat pump test data and assuming
dehuwidification is called for, the air leaving the evapcrating coil will be
dehumidified to a dew point of approximately SSOF. The air will then enter

the supplementary heaters where it will be heated to slightly abuve the
shelter ambient.

(5) Low T rature. Table 2-8 of the AR 70-38 is entitled "Cold Climatic
Design Type; Daify Cycle of Temperature, Humidity, and Solar Radiation.” This
table shows that at a minimm temperature of -S0°F a relative humidity tending
towards saturation can be expected. The shelter indoor design condition that
vas used in the market survey report to calculate required humidification
capacity at this condition has been modified to more closely reflect the
specified shelter ambients. Low temperature conditions of 70°F and 48% RH
indoor and -25°F, 0% RH outdoor were used in the market survey report to
Calculate capacity. The revised load calculations shown below are based on an
1%: design condition of 72°F, 45% RM and an outdoor design condition of

- ’ 1003 rH.

To obtain the capacity required for the low temperature condition, the

following parameter values were used. V, W}, and W, values were obtained from

ASHRAE Psychrometric Charts No. 1 and 2. Q) remained the same as in all other
conditions.

Mg = mass flow rate at low temperature condition. .
Q1 = 7200 cu. ft./hr.

10
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V « 10.3 cu. ft./lb dry air for outside air at -50°F and 100% RH.
W = .0075 -lb water/1ld dry air for inside air at 72°F and 45% RH.
W, = .0001 1b water/lb dry air for outside air at -S0°F and 100% RH.

Therefore, My = 7200 (.0075 - .0001)
10.3

= 5.17 1lb water/hr.

However, the humidifier must possess a "pull down" capability so that the
entire service shelter space (1,280 cu. ft.) is conditioned within 4 hours.
This additional capacity, as calculated below, was added to the low
temperature load. The following new parameter values were used.

M5 = mass flow rate for 4 hour "pull down” flow rate

0 = 1,280 cu. ft. = 320 cu. ft./hr
4 hr

Therefore, Mg = 320 (.0075 - .0001)
10.3

= .23 1b water/hr
And the necessary maximun capacity at the low temperature condition is:
Mg~y + Mg
= 5,17 + .23
=. 5.4 1b water/hr. ’

The psychrometric process for the low temperature condition is shown in
Figure 6.

Figure 6 shows ventilation air entering the shelter at ~-50°F, 100% RH.
This air is proporctionately mixed with inside air at the design condition of
72°F, 45% RH. The resulting air inlet condition to the evaporating coil is
S8°F, 64t RH. The air is then reheated by the supplementary heaters to
approximately 110°F, (based on testing performed at VSE). The air is then
cooled and humidified back to the design condition of 72°9F, 45% RH.

4. DEHUMIDIFICATION - USE OF EXISTING HEAT PUMP

(1) Basis of Decision. The environmental control unit used to control -
texperatures within the Aircraft.Service Shelter is a model MHP 36K208/60/3
36,000 BTUH nominal heat pump manufactured by A.R.E. Manufacturing Company.
Through analysis of capacity test data provided by Fort Belvoir on a similar
heat pump to that manufactured by A.R.E., a decision to use the existing heat

12




4 I & (.4 hd v -
mluuﬂm ol '//-'///Hw// '[gg,'//f/ ///y/////ﬁ////l/[/ ¢ "1////'/1/fu" /ug[ Lol "/; g, o bl ”A”//" 17 .
. VRN S e 2 X 8 A- IS e

,
SR
I ~.‘
:

i

'
N

H f“ﬂ Rl / 3 ¥ -

RN

1
EERE
ogtw

. ;2
TR

i
L]

ENTHALPY (1) gy PeR POUND GF BDRY MR

*?8_:

b7
‘;\

!

HEAT . P
ITEMRERARL

af

[ 2 < yunivedamis

\\\\\ s T

=

/

&ea &a

E3 e
SEA LEVEL

Low Temperature Psychrometric Process

&

Iracey

N'0ity nane

~ Oy
v

1
@l
s |
(] ! :
< o
S, 1 5
ol ®
xe¥d e
51 T r§
vl EE A
o ! P 1S 2% /)
o y = 7O PN 24 o 4 \ AR TEE ]
fEEEee N
g 1 iEEEol 5 3
, = AT T LA PN U/ 0 = 9
R e s amidasanay 5
- o" /‘ -
-3 FooE e e Ra T i23-
a e
O T Ze-4b
n nmmumm >= ?
‘ 13 Q
Q




. .
f
( @

pump for demmidification purposes was mad:. The latent cooling capacity
together with the inclusion of auxiliary booster heaters in the heat pump
design enable its use.as a dehumidifier. Since the size of a separate
dehumnidifier in the capacity range required would be large indeed, the use of
the existing heat punp is the only logical choice.

(2) Available Cavacity of Existing Heat Pump. Capacity data used in this
analysis 1s based on testing performed by Electric Testing Laboratory (ETL) cn
4 heat punp manufactured by ECU Inc. It is believed the A.R.E. heat pump anc
the ECU heat pump were manufactured from the same technical data package wirn
no essential differences and that capacity data for the A.R.E. heat pump wil.
closely approximate the ETL test results. Capacity test data is available at
outdoor temperatures of 95°, 105°, 120°, and 125°F with indoor condition at
80°F, S1% RH throughout.

Two dehumidification scenarios were considered in this investigation.
These occur at high temperature, high humidity (105°F, S9% RH) outside ambient
conditions and at moderate temperate, high humidity (75°F, 100% RH) outside
ambient conditions. The capacity at the moderate temperature condition was
determined to be the most critical, or worst case dehumidification condition
since the heat pump does not normally cool, and thus dehumidify, at moderate
texperatures. Air Force personnel specified that a 4-hour "pull down”
capability be included which added slightly to the total dehumidification
capacity. Calculations showing the heat pumps abiiity to meet the
dehunidification needs are shown in Appendix A (Market Survey Repcrt, Appendix
F, page F-6).

(3) Heat gg Modifications %gired. The A.R.E. heat pump is equipped
with an tat LHP- rmosta: manufactured by PSG Industries.
The thermostat provides for single stage cooling and two stage heating
capability. Specifically, the non-adjustable thermostat set points call for
cooling at 76°F and above. When the shelter indoor ambient temperature
reaches 76°F the heat pump operates in a normal air conditioner cycle. Wwhen
the shelter indoor ambient drops to 72°F and below, a reversing valve
energizes which reverses the normal air conditioner cycle and allows the heat
pump to heat the shelter space. When the shelter indoor ambient drops to 68°F
and below, second stage heating initiates, consisting of electrical resistance
heaters. Between 72°F and 76°F a "dead zone" exists where the heat pump is
de-energized. It is desirable to provide dehumidification over the widest
range possible. The thermosta. and heat pump control circuitry can be
modified to allow dehumidification to occur in the "dead zone”. Modifications
required consist of circuit changes on the thermostat printed circuit (PC)
board and the addition of two relays with appropriate wiring changes to the

heat pump 24V control circuitry. Figure 7 shows the heat pump control circuit
modification.

The Accustat thermostat consists of a printed circuit board with five
wires normally brought out to heat pump t~rminal board connections. The
modification entails opening a circuit on the PC board and bringing out two
additional wires to heat pump control circuitry connections. Figure 8 shows
detail of the thermostat PC board modification.

14




ding 3eaH UOLIED|JLPOW JLICBLAYIS [eI443I313 °/ aunbLy

2 310N Nmml/

oH3ag
17L31QIvnH

axvog Lnourn 3

_a3lmmad

.\ ek
zioNa3s

TNEMONH@ B8 LS WOLDONONSD BEBHM Qv O R
LINDHED aZLirud MO Lo SRIONTZ 3NN a2HSwd -2
TVIYNITDOS &.23& AvB 4

- - 1H2g0
N\ _ \_/
| //
24433
: N4
! A Y A
' . >-— . {y1) —
© = 59
l —
3.8 R wed T (=) 4
Z m
12! 3 T O\
i | w 2
! " 7 (3)
Ny 1 | AN/
x
v3e z i ﬁ .>~T~ ~>~L !
” & |-Te]
+ ! A\
]
n
0 W o -
N cC ” \m
/ m o o5 | 2 i
o g 3
// - _- ] “
IVISOWSINL 0
SLOWDY L i1
R R
o=

‘AD2 Ilu
T VIK— AN 1 3L

s JSYY YL

SNYElL ‘ASOZ

15




2AUMONNG wWl A HWIAAIOG HLIM
ANIOg SiHL LV AWM HIVALLIY -~

T RAAL Y -V- i

TUA BAICSWHAY AXO4R HLIM

OVId ) SEVL VRS ONY NOILISOS

AVMIOIEO M AEVeOD Od VvisrBd

NOILY DI AIdOWM ONIMDNMOS * OMNMGNOH

LYLSOompBarL WNoNy aBivdvdns 39

YD AuvOE Dd LVHL ©OS ¢ADVYI4 ¥

LV QAVL AYARY LD ‘Orveda od 30

HAB LINDHID BHL OL NOLLYDI=ndON
QEDNOVAN IFHL WHOuMIAd Al °}

1 SBLON

3eISOULBY| *UOFIRILSLPOW PavOg Id 8 4nbi4

«¥2 HLDNI "63HT- #/GLBNN [ais_ LnduED
P/ BLBI-M-TN QYOS LINDYID a3LNKS
Hid 91"ON AWM AMRAN

[ e T

A d i ne

‘Lnod SIHL
ATALIWNINOU S LY B/
HoLONANCD ALTHVY«3S

DNISNOM

BAS ALNINOGVIOD
AviSONYINL

advoq LIDMO Qilredd

TAAMOING wd BAATNOT HLIM
ATROd SiHL LY FLM HDVLLY




Heat pump control circuitry modifications involve the addition of two 3-
pole, double throw Potter and Brumfiel!d model KUP14A55-24 relays. The
additional relays add to the current lcad of the circuit. The Accustat
thermostat has a maximum current load rating of 2.5 anps. During operation of
the modified heat pump, only one of the additional two relays will be
operating at any one time. This will increase the current loading by
approximately .1l amps. Measurements of the maximsm loading through the
thermostat in the normal configuration was 1.3 amps. The additional .11 anps
is not expected to caucge an overload problem.

The current requirements for the heat pump will increase as da result of
the modification. Wwhen dehumidifying in the "dead zone,” the unit will pe
operating in the cooling mode with both supplementary heaters operating
simultaneously. Currents as high as 40 amps were recorded during VSE testing.
This represents an approximate Z9% increase over the maximum current draw of
the unmodified heat punp. The additional current is not expected to adverseliy
affect the heat pump. Only a single terminal board within the heat pump
carries the higher current.

(4) Design Limitation. There are many advantages to using the existing
heat pump for dehumidification purposes. By far the most important advantage
is the space savings afforded. However, there is a limitation with this
concept. No dehumidification capability is available when the heat pump is
operating in the heating mode. During heating, the indoor heat exchanger coil
is rejecting heat. Thus, there is no cool surface on which to condense
moisture. It is anticipated that dehumidification will rarely be needed below
729r. Generally, dehumidification will not be required at lower ambients due
to the decreased ability of air to absorb moisture at lower temperatures. A
psychrometric chart will show that at ambient temperatures of 55°F and below
with 1003 RH, the moisture load would not be encugh to exceed our indoor
maximum allowable RH limit of 55% at 72°F. However, it is possible to
experience outside ambients between S55OF and 72°F with high RHs. At these
conditions the 'lwat pump must first satisfy the thermostat’'s call for heat
(indoor space heated to 72°F) before the heat pump will operate in the
dehumidirication mode. The process of heating the shelter air will naturally
reduce relative humidity. The operation logic for debumidification is charted
below: .

Modified Heat Pump Function at Various Temperature Conditions

Beliw 729F

Heat pup operates
in heating mode.
Heating of air
naturally reduces
RH.

Between 72 and 76°F

Heat pump will operate in cooling
mode with supplementary heaters
operating simultaneousiy. Air is
dehumidified by the cooling coil
and then reheated to minimize

effect on shelter air temperature.

17

- Above 76°F

Heat pump operates
in cool mode. Air
is dehumidified by
cooling coil.
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S. HWIDIFICATION EQUIPMENT

(1) General. The two steam generator humidifiers procured for testing
and evaluation present a sharp contrast in their design. The Vapormist model
W2 wanufactured by the Dri Steem Humidifier Company is a relatively
sophisticated humidifier with many auxiliary features designed into the unit.
The unit is of heavy duty construction, has el:ctronic water level control,
automatic skimming and draining features, low water protection and
Gistribution blower. The unit is specifically designed with maintenance in
mind. The Autoflo mndel L-1C11-K, manufactured by American Metal Products
Company, is designed with simplicity in mind. The unit basicaliy consists of
a water reservoir with heating element, £loat controlled water inlet valve,
float controlled switch and distribution blower.

(2) Dri Steem umidifier. The Dri Steem humidifier contains a Teflon
coated 18 gauge stainless steel evaporation chamber. Watei supply and drain
lines to the chamber are both provided with solenoid valves. The supply inlet
is 1/4" NPT and the drain line is 3/4" SW. A skimmer port/overflow drain is
provided which is intended to skim off chamber surface water following each
£ill cycle. During normal operation dissolved minerals tend to concentrate at
the surface. Skimming off surface water will increare the period between
servicing. A single 2 kW electric resistance element is provided for heat
transfer. Evaporator pan water level is sensed by a three prong conductivity
sensor which cycles the solenoid operated £i1l valve and the heating element.
The unii possesses a drain/flush feature also derigned to increase time
between servicing. An internal control module contains an integral electronic
timer which accumulates the humidifier "ON® time. When accumulated "ON" time
reaches the timer set point, the drain/flush cycle begins. The unit will
similtaneously f£ill and drain for 10 minutes.

The Dri Steem humidifier is housed in a 20 gauge steel cabinet, the floor
of which constitutes a drip pan, provided with a 1/2" NPT drain connection.
The cabinet is provided with two removable panels for access to internal
components. Panels are secured in place with key locks. The evaporator
chamber is slide mounted for ease of access. Pilot ligl.ts on the housing
front anmunciate the ready water mode, the £ill mode and the drain/flush mode.

The unit’s electrical compartment contains a 120V/24VAC transformer, a
power relay, timer printed circuit board, water level control printed circuit
board, power block for connecting power lines and terminal board for
humidistat connection.

The unit is equipped with a separately wired fan distribution unit which
sits on top of the humidifier. The unit houses a 265 cfm blower with a steam
dispersion tube mounted downstream of the blower. The blower is controlled
with a thermal switch located adjacent to the metal steam tubing.

The entire humidification unit is 34" high x 24" wide x 16" deep and
weighs approximately 118 1b operating. It costs approximately $1200 complete.




(3) Dri Steem Humidifier - Test Result Summary. The following tests were
performed to determine the units suitability for use in the Aircraft Service
Shelter:

Human Factors Evaluation

Sound Level -

Tilted Operation

Variable Voltage and Frequency
Vibration

Capacity

Hich Temperature Storage

Lew Temperature Storage
Electromagnetic Interference

00000 O0OO0O0OO

The Dri Steem humidifier possesses a significant burn hazard. The steam
distribution tube lccated downstream of the blower is exposed. Ths tube
temperature during operation is approximately 180°F. Removing tlhe front
access panel will expose the evaporator chamber which is also 180°F during
operation. No warning labels are provided. Operating weight of the
humidifier and blower assembly is 118 1lb. No handles are provided for safe
lifting.

The huridifier demonstrated very low sound levels. Levels are well below
the dB(A) criteria of category F in Table 2 of MIL-STD-1474. Category F
requirements are imposed in shelters where frequent telephone or radio use or
frequent direct communication at distances up to 5' is required.

The humidifier will not function properly wnen tilted 5° in certain
directions. The maximum allowable tilt is 29,

The humidifier operated satisfactorily during variable input power tests.
The tested voltage and frequency cembinations were 132vV-60Hz, 132V-50Hz, 108V-
60Hz and 108vV-50Hz. ) )

No damage resulted during the simulated transportation vibration test.

Capacity testing demonstrated that the unit could not meet the minimum 5.4
Ib/hr steaming rate. This deficiency is due to the evaporating chamber refill
mode wh! a is cyclic. The refill mode occurs approximately every hour.

During refill the heating element de-energizes resulting in no steam emission
for 17 minutes.

The humidifier was undamaged and functioned properly following the high

and low temperature storage tests. These tests were performed at +160°F and
~60°F . .

The humidifier was below the conducted and radiated EMI emission level
limits imposed by methods CEO03 and RE02 of MIL-STD-461, Part 4 for steady
stace conditions. The unit exceeded the limits for transients, however all
transient durations were much less than the 1 second duration allowabie for
military standard &air conditioners.

19




Following all testing the unit was inspected for general appearance.
Minor corrosion had bequn to occur on the exterior of the cabinet at the seam
between the base panel and the side panels. Very minor pitting corrosion had
begun to occur on the interior of the evaporator chamber. Minor corrosion had
bequn on the heating element. :

(4) Autoflo Humidifier. The Autoflo humidifier consists of a 22 gauge
stainless steel reservoir contained within a sheet metal housing. Reservoir
is equipped with a 1.4 kW electric resistance heating element. A stainless
steel and bronze float valve maintains the proper water level within the
reservoir through a 1/8" inlet port. A stainless steel and bronze float
switch provides low water protection. Should the water level drop too low for
safe operation, a microswitch will shut off power to the heating element. The
reservoir is equipped with two 3/4" threaded ports for manual flushing. A
drain line may be connected to the upper port to provide for overflow
protection. Steam dispersion is accamplished with a fan assembly. A simple
shaded pole electric motor with a plastic axial fan is mounted in a sheet
metal housing. A thermal switch adjacent to the water reservoir operates the
fan.

The unit junction box contains a power relay, a 120V/24VAC transformer,
thermal switch and microswitch, and necessary terminal boards. An externai
terminal board is provided for humidistat connection. A pilot light affirms
that the unit is operating. The entire humidification unit is 16" high x 14~
wide x 14" deep and weighs approximately 35 1lb operating. It costs
approximately $340 complete.

(5) Autoflo Humidifier - Test Result Summary. The following tests were
performed to determine the units suitability for use in the Aircraft Service
Shelter:

Human Factors Evaluation
Sound Level

Tilted Operation

Variable Voltage and Frequency
Vibration

Capacity

High Temperature Storage

Low Temperature Storage
Electromagnetic Interference

000000000

The Autoflo humidifier possesses a significant burn hazard. The unit has
an unguarded back which allows the possibility of coming in contact with the
heated water and the rotating fan. The sheet metal work is relatively poor,
with gharp corner edges which are not radiused or buffed.

The humidifier demonstrated very low sound levels. Levels are well below
the dB(A) criteria of category F in Table 2 of MIL-STD—1474. '

Tilting the unit 5° in certain directions impairs proper operation. The
maximum allowable tilt is 19,

20
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The humidifier operated satisfactorily during variable input power tests.
The tested voltage and frequency combinations were 132V-60Hz, 132V-50Hz, 108V-
60Hz and 108V-50Hz.

The unit Qas not damaged during the simulated transportation vibration
test. ) :

Capacity testing demonstrated that the unit could not meet the minimum 5.4
1b/hr steaming rate. Two humidifiers would be required for the service
shelter application.

The humidifier was undamaged and functioned properly following the high
and low temperature storage tests. These tests were performed at +16C°F and
..GMQ

Humidifier operation proved to be below the conducted and radiated EMI
emission level limits imposed by methods CEO3 and REO2 of MIL-STD-461, Part 4
fcr steady state conditions. The unit exceeded the CEO3 limits for
transients, however all transient durations were much less than the 1 second
duration allowable for military standard air conditioners.

Following all testing the unit was inspected for general appearance.
Minor pitting corrosion had begun to occur on the interior of the heating
reservoir.

6. HUMIDIFIER SUPPLY WATER

(1) Vater Hardness - General. In order for humidification equipment to
operate, water must be introduced into the system prior to dispersion within a
conditioned space. For the Aircraft Service Shelter humidification system it
is assumed potable supply water will be used. It is also assumed that
distilled or demineralized water will not be available for system use. The
hardness of the water, or the mineral content, can have a significant impact
on the maintenance requirements and life expectancy of a humidifier.

The water for the Aircraft Service Shelter is anticipated to be from
surface water sources such as reservoirs, lakes, rivers, treated sea water or
ground water wells. Concern for water hardness primarily centers around
ground water sources since water which filters down through the ground to
water tables has a much greater likelihood of coming in contact with minerals
and thereby dissolving these minerals into the water. The F-16 maintenance
complex can be deployed worldwide. Therefore, water found anywhere in the
world may be used in this humidification system.

Information on water hardness proved difficult to obtain. Organizations
such as the U.S. Geological Survey, Environmental Protection Agency, American
Water Works Association, World Health Organization, Organization of Economic
Cooperation and Development and Geraghty and Miller Inc. (ground water
consultants) were contacted. Very general information on hardness in the U.S.
was obtained. No information on water hardness worldwide was obtained.
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: It wvas deternined that designing for a “"worst case” water hardness is
virtually impossible and very impractical. Water hardness may be expected to
vary from less than 5 grains/gallon to over 110 grains/gallon. Water hardness
is a transient condition. Local water hardness may change significantly over
a period of time. Treatment methods for reducing water hardness are discussed
in the following paragraph. ,

(2) Water Treatment Methods Investigated. Water hardness is primarily
composed of calcium and magnesium salts dissolved as positive ions (cations)
in solution.

Water hardness can present many problems for humidification systems.
Atomization-type humidifiers distribute water including all its dissolved
solids into the conditioned space. Upon evaporation of the water, the solid
ninerals settle as a fine dust over all i{tems contained within the space.
Introducing this dust into electronic equipment internals can impair the
equipment’s operation. Maintenance of the atomization-type equipment is
relatively low since the dissolved minerals do not accumulate. The potentiai
problem of dust accumulation on equipment within the shelter was eliminated by
ruling out use of atomization-type humidifiers. The only practical method for

" humidifying the service shelter is the use of steam generation equipment.

Maintenance of steam generation humidifiers is a major concern. Steam
generator maintenance is greatly dependent on the hardness of the water since
dissolved minerals do accumulate in the humidifier. Allowing hardness scale
to build up on humidifier internals will reduce unit life. Several water
treatment methods exist which reduce water hardness. Among those investigated
were wvater softeners, demineralizers, reverse osmosis equipment, magnetic
inhibitors and chemical treatment. '

Vater softeners remove calcium and magnesium cations from solution by an
ion exchange process. This process requires a resin tank and a brine tank.
The resin tank contains resin beads with an affinity for cations. Initially
brine (sodium chloride) is educted into the resin tank where the resin
separate sodium cations from the sodium chloride molecule and attracts the
cation to the resin surface. Raw water is then flowed through the sodium
saturated resin tank where ion exchange takes place. Calcium and magnesium
cations exchange on the resin beads and displace sodium cations into the water
stream. Eventually the resin is saturated with hardness ions and must be
regenerated with brine. The brine tank contains enough sodium chloride for
several regenerations. This method does not address the problem of scale
build up on humidifier internals. Sodium merely replaces calcium and
magnesium in the water and, therefore, a sodium scale will accumulate.

Deionizers or demineralizers use an ion exchange process to remove all
ions in solution. Deionizers use two ion exchange resins to remove both
cations and anions from the raw water. Hardness such as calcium carbonate
(Ca*C03™) and magnesium sulfate (Mg*s04~) are exchanged on the resin beads and
replaced in the water stream with hydrogen (H*) and hydroxyl (OH™) ions which
combine to form water. Following depletion of the resins, regeneration with a
strong acid and strong base is required to restore the ion exchange
capability. Deionization delivers water of extremely high quality. The
regeneration process is cumbersome. Usually a purchaser of this type
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equipment will also contract for periodic replacement of the resins. Resins
are then returned to a facility for regeneration. Deionizers are available
with disposable cartridges. Deionizer drawbacks include the size of equipment
needed and inlet water pressure needed for efficient operation. 1Inlet water
pressure is not necessarily required for deionizers however, watar which is
fed by gravity will tend to channel through the unit thereby reducing
demineralizer capacity. Additional pressure drop through a deionizer may
adversely impact the water flow to the humidifier.

Osmosis is a natural phenomena which is the passage of a liquid througn a
semi-permeable material or membrane where the liquid flows from a state of .ow
concentration of impurities to a state of higher concentration. Reverse
osmosis equipment reverses this ratural phenomena by forcing pure water
through a specially designed membrane and the dissolved solids or hardness
remain on the feed side of the membrane. This process requires a high
pressure water supply. An auxiliary pump would be necessary. Again, the sizc
alone for this equipment precludes its use.

Magnetic-type deionizers are available for removing suspended ions. A
magnetic field is established through which the raw water flows. Positively
charged ions are drawn to the walls of the water tubing towards the magnet.
As the ions accumulate on the walls, the water passage narrows. Among the
water treatment equipment vendors contacted the general consensus was that
magnetic deionizers are not effective due to insufficient contact time.

Chemical additives can be used to treat hard water. Calcium and magnesium
have a molecular structure which allows these molecules to fit into the
microscopic crevices of a humidifier. Additional calcium and magnesium buiid
upon those preceding until a hard scale forms. Chemical additives can be used
to keep this building process from occurring. A crystal scale distorter, such
is a polyphosphate, actually distorts the molecular structure of calcium and
magnesium such that these molecules do not adhere to the sides of the
humidifier. The minerals remain fluidized and tend to form a sludge at the
bottom of the evaporator pan. The sludge can easily be flushed out.

(3) Vater Supply Equipment. Pressurized water is not available in the
Alrcraft Service Shelter. For this reason a gravity flow feedwater system to
the humidification equipment is proposed. Hanscom Air Force Base has imposed
a requirement for eight hours of continuous operation for the humidity controi
equipment at rated capacity without operator attention. Since our maximum
capacity is 5.4 lb/hr water for the humidifier, a storage tank capacity of
Just over five gallons is required. Since gravity flow is required, the tank
should be mounted high, close to the shelter ceiling. Plastic tubing will
connect the tank to the humidifier inlet. Hanscom AFB requires a low water
alarm for the water supply tank. A float switch wired to an annunciating lamp
will alert shelter operators to a low supply water condition.

Aetna Plastics Corporation manufactures equipment which appears adequate
for this application. A seven gallon square tank part no. 14300-0010 is 12" x
12" x 12”. The tank is open for eacy refilling and provided with a cover.
The tank 1s fabricated from a cross linked polyethylene which should provide
adequate rigidity. This polyethylene material is capable of withstanding
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temperatures of 225°F to -140°F. Drainage will be from the side, just above
the tank bottam. A 1/2" CPVC bulkhead fitting with a 1/2" compact ball valve
will provide for on/off flow control. A 1/2" elbow will direct flow downward.
1/2" plastic Tygon tubing, R-3603, can be routed from the tank to the
humidifier. The tubing has a temperature range of +1659F to -58°F.

The low water level alarm requirement can be satisfied with a Compac
Engineering series 15-650 side mounted magnetic float switch which will be
wired to an annunciating lamp. The lamp requirement can. be satisfied with a
General Instrument Corporation socket part no. 5100-822, incandescent bulb
part no. ¢M757 and a red fluted dome part no. 25P-326R (identical lamps can e
used for warning of extreme high or low humidity conditions).

A potential problem with a water atorage tank is the growth of
microorganisms. Control of bacteria can be accomplished with the use of a
biocide such as Biocide 20 manufactured by Okite Products. No organic growti
will occur in an operating steam generating humidifier due to the high
temperatures.

(4) Egquipment Environment (Dust). During the market survey investigation
it was determined that two basic humidifier designs could technically provide
the necessary humidification within a reasonable space envelope. The steam
generation and atomization-type humidifiers were chosen for further
evaluation. Subsequent information from the manufacturer of equipment used 1in
the Aircraft Service Shelter indicated that atomization-type humidifiers
should be excluded from consideration. Atomizers have the inherent problem of
discharging water, with all its dissolved minerals, into the ccnditioned
space. Upon evaporation, the minerals settle out and accumulate on equipment
surfaces within the shelter. Discussions with personnel from General Dynamics
who designed the Aircraft Service Shelter indicated that disk drives used
within the shelter, Hewlett-Packard models 7905 and 7906, may be susceptible
to a dust laden environment.

Hewlett-Packard was contacted regarding their 7905 and 7906 disk drives.
Models 7905 and 7906 contain electronic heads which interact with the disk
media to store or recall magnetic signals that are eventually translated into
usable data. The heads are of an aerodynamic design which allows them to
float or ride an air cushion over the disk media. The air gap width is
approximately 30 microns. For comparison, smoke particles are in the 250
micron diameter range. The relative speed of the disk media to the head is
approximately 150 mph. Any contact between the two can be very damaging.
Contact between the head and the disk media which is called "crashing” can
destroy the head and/or the media.

These units are indeed very susceptible to dust particles. These disk
drives are equipped with a double filter and blower assembly. The first stage
filter is basically a furnace type filter for trapping very large particles.
The second stage filter is a very fine paper which filters down to particle
diameters of three microns. The blower provides for cooling and maintaining a
positive pressure within the disk drive. Operation of the disk drives in a
dusty environment will clog the filters very quickly. Clogged filters wiil
not allow the blower to maintain an internal positive pressure, thus
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permitting dust particles to infiltrate and obstruct the head/media interface.
Clogged filters will not allow proper cooling which will increase internal
temperatures and reduce internal air density. The rarified air will impair
the operation of the aerodynamic head by reducing its lift characteristics and
thus the head rides closer and closer to the disk media. Air of sufficiently
low density will allow the head to "crash”.

Hewlett-Packard recommended the use of an atomization type humidifier only
if the water supply is deionized.

No information was obtained on the dust susceptibility of F-16 components
which may pass through the service shelter.

7. HMIDITY CONTROLS

{1) General. The humidity controls chosen for testing all sense the
moisture content of the air by use of nylon sensing elements. Nylon can be
fabricated to possess hygroscopic properties. The humidistat industry is
tending more and more to use nylon elements as opposed to hair or paper
elements for basic humidity controllers. Nylon has a reputation for good
precision, although accuracy is difficult to control during the fabrication
process.

The response time for nylon increases with decreasing temperature. The
ability of nylon to absorb moisture is hindered at lower ambients. Generally,
nylon element humidistats should not be used at temperatures below 60°F.

Honeywell humidistat models H46C and H600CA, Barber Colman model HC1l0l and
Abbeon Cal model 4703-602 were procured for testing. Only the Abbeon Cal
humidity contcol is capable of controlling both a humidifier and a
dehunidifier. The other models would require two controls for both a
humidifier and dehumidifier. Each humidity control was subjected to the
following tests: )

Human Factors Evaluation

Initial Controls Performance Test
Vibration

High Temperature Storage

Low Temperature Storage

Final Controls Performance Test
Electromagnetic Interference

0000000

(2) Honeywell Humidity Control (Model H46C). The Honeywell model H46C
contains a singie pole, single throw snap switch which controls a
dehumidifier. Unit is provided with a 20-80% RH adjustable dial and positive
on/off setting positions for manual operation of the controlled equipment.
The unit possesses a 5% RH differential, which closes the switch at the set
point and will open the switch at the set point minus the differential. The
unit is enclosed in a molded plastic case 4-21/32" x 2-15/16" x 1-3/8" and
includes an adapter plate for vertical switch box mounting. The humidistat
has lead wire connections suitable for up to 240V use. Model H46D is similar
in operation and will control a humidifier.
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(3) Honeywell Humidity Control (Model H46C) - Test Result Summary. The
initial controls performance teat indicated that this model had an inaccuracy
of approximately 3% RH upon reception from the equipment sw)pher The unit
was recalibrated.

The human factors evaluation indicates that the height of the rotating
adjustment knob is not per MIL-STDS. Labeling of the unit lacks in bolding
and is not per MIL-STDS. Indicator scale is in increments of 10% RH. It is,
therefore, difficult to accurately adjust the unit.

The humidity control endured the vibration, high temperature storage and
low toemperature storage tests with no apparent damage.

The final control performance test revealed that the model H46C maintained
its accuracy better than the other candidates. The unit was inaccurate by
approximately 1% RH.

EMI testing indicated that the humidity control was within the radiated
emission level limits imposed by method RE02 of MIL-STD-461, Part 4 for
transients.

(4) Honeywell Humidity Control (Model H600A). The Honeywell model H600A
contains a single pole, double throw switch which can be used to control
either a humidifier or dehumidifier. Unit is provided with a 20-80% RH
adjustable dial and has a 53 RH differential. It is enclosed in a molded
plastic case 5-3/4" x 3-3/4" x 2-3/16", and includes a metal adapter plate for
switch box mounting. The humidistat has lead wire connections suitable for up
to 240V use.

(5) Hon_ezFll Humidity Control éModel H600A) - Test Result Summary. The
initial controls performance test indicated that HO600A was inaccurate by
approximately 143 RH upon reception from the equipment supplier The unit was
recalibrated.

The hunan factors evaluation indicates that the height and the diameter of
the rotating adjustment knob is not per MIL-STDS. Knob is removable, thus
easily lost. Adjustment knob and scale are located on top of unit requiring
mounting of lower than eye level for viewing. This would place the unit in
height area susceptible to damage by bumping from personnel. Mounting unit at
eye level would make the indicator scale difficult to read. The indicator
scale is in increments of 10% RH, making it difficult to accurately adjust the
unit. Generally this was the most difficult humidity control to adjust.

The humidity control successfully completed the vibration, high
temperature storage and low temperature storage tests with no apparent damage.

The final controls performance test revealed that the model H600A was
inaccurate by approximately 3% RH.




EMI testing indicated that the humidity control was within the radiated
emission level limits imposed by method RE02 of MIL-STD-461, Part 4 for
transients.

{6) Barber Colman Humidity Control. The Barber Colman model HC101
contains a single pole, double throw switch which can be used to control
either a humidifier or dehumidifier. The unit is provided with a 10-90% RH
adjustable dial, and possesses a 5% RH differential. It is enclosed in a
molded plastic case 4-3/8" x 2-7/8" x 1-5/8". Two screw holes are provided in
a plastic backplate for mounting. The humidistat has lead wire connections
suitable for up to 240V use.

(7) Barber Colman Humidity Control - Test Result Summary. The initial
controls performance test indicated that the unit was inaccurate by
approximately 5% RH upon reception from the equipment supplier. The unit was
recalibrated.

The human factors evaluation revealed that the height of the adjustment
knob is not per MIL-STDS. Reference indicator and knob are the same color,
thus contrast requirements of MIL-STDS are not met. The indicator scale is in
increments of 103 RH, making it difficult to accurately adjust the unit.

The humidity control endured the vibration, high temperature storage and
low temperature storage tests with no apparenc damage.

The final controls performance test revealed that the unit was inaccurate
by approximately 9% RH.

EMI testing indicated that the humidity control exceeded the radiated
emission level limits imposed by method RE02 of MIL-STD-461, Part 4 for
transients.

(8) Abbeon Cal Humidity Control. The Abbeon Cal model 4703-602 is
manufactured by Lufft of Germany. This unit indicates the ambient RH on a 0~
100% BH face plate. The RH indicator or pointer is used as the switch. Two
additional pointers which are manually adjustable are used to open or close
control circuits in conjunction with the RH indicator. The unit will control
both a humidifier and dehumidifier within any range. The unit does not
possess a IRH differential. It is enclosed in a metal case 6" diameter and
1-1/2" deep with a glass face plate. Three screw holes are provided in the
flanged metal case for mounting. The unit includes three screw terminals for
wire connections and is only suitable for 24V use.

(") Abbeon Cal Humidity Control - Test FResult Summary. The initial
controls performance test indicated that the unit was inaccurate by
approximately 12% RH upon reception from the equipment supplier. The unit was
recalibrated.

This is the only humidity control tested which visibly indicates the )
ambient relative humidity. The height of the adjustment knob is not per MIL-
STDs. The indicator scale is in increments of 2% RH and the unit can be
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easily and accurately adjusted. This unit is superior to the other humidity
controls tested as far as human factors in concerned.

The humidity control endured the vibration, high temperature storage and
low temperature storage tests with no apparent damage.

The final controls performance test revealed that the unit was inaccurate
by approximately 5% RH.

EMI testing indicated that the humidity control exceeded the radiated
emission level limits imposed by method REQ2 of MIL-STD-461, Part 4 for
transients.

8. LOCATION OF HUMIDIFICATION EQUIPMENT AND CONDITIONED AIR DISTRIBUTION
THROUGHOUT THE SHELTER

(1) Dehumidifier. In the proposed humidity control system the existing
heav pump will be used for all dehumidification requirements. The heat pump
will remain as originally installed in the service shelter with its discharge
alr distributed throughout the shelter by the existing duct work. Condensate
will drain to the outside through existing drain tubing.

(2) Bumidilier and Water Storage Tank. The exact location of the
humidification equipment within the shelter has not been determined.
Generally, in order for a gravity feed water system to operate, the source of
water must be located above resipient equipment. The available space in the
service shelter is very limited with the floor to ceiling distance being eignt
feet. The water storage tank must be located as close to the ceiling as
possible while still allowing access to the tank top for refilling. Mounting
the tank bottom approximately 22 inches from the ceiling should provide
adequate access. To obtain a minimal inlet pressure, the humidifier should be
located as low in the shelter as possible and directly beneath the storage
tank. Floor mounting the humidifier will provide for just over 2 psi inlet
water pressure to the unit. Drain tubing must be provided to the humidifier
for overflow protection and the drain/flush cycle as required.

" Distribution of steam withii the shelter will be accomplished with the
humidifier’'s internal blower. The blower will discharge into free space.
Ideally, use of the existing duct system with the heat pump blower would
provide the best distribution, but potential problems associated with use of
the duct work eliminated it from consideration. Dumping steam into the heat
pump discharge duct would allow condensate accumulation inside the duct when
both cooling and humidification are required simultaneously. This is
obviously unacceptable as water would drip uncontrollably over equipment and
personnel. Introducing steam into the heat pump intake duct would greatly
reduce humidification capacity and increase the latent cooling load of the
heat pump. It is believed that distributing steam with a separate blower is
the only viable alternative.

Care must be taken when locating and orienting the humidifier blower.
Obstacles in the blower discharge area will provide surfaces on which
condensate may accumulate. As an example, Dri Steem recommends that no solid
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objects be within four feet from the W2 discharge horizontally (assuming 403
RH) and no solid object should be within three feet of the discharge
vertically. The discharged steam should be directed down the length of thﬂ
service shelter. Discharging steam into the aisle may result in an
uncomfortable situation for personnel.

(3) Humidity Controls and Alarm Lamps. The humidity controls for the
humidifier, dehumidifier, high humidity aiarm, low humidity alarm and lamps
for high and low humidity and low water storage tank level should be located
on a vertical wall four to five feet above the floor. Humidity controls
should be placed as far away as poscible from the discharge of the equipmer.t
they control. This should allow proper distribution of conditioned air
throughout the shelter and prevent short circuiting. Optimally, all sensors
and alarm lamps can be located together for convenience. A general
arrangement sketch of the entire humidification control system is shown in
Fiqure 9.
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III. CONCLUSION

VSE believes it is technically and operationally feasible to develop a
workable humidification control system using commercial equipment for
application in the Aircraft Service Shelter. A workable system will include
compromises regarding the original design criteria for tha humidity control
system. A working humidity control system will involve significant
modifications to the proposed commercial humidifier to be used and also some
charjes to existing shelter equipment. However, the modifications needed are
practical and will permit the use of commercial equipment for this
application. Of course, modifying off-the-shelf cquipment will necessitate
increased procurement costs. However, the modification costs would prove
minuscule compared to the costs associated with a full scale design and
development program.

The series of tests performed on the evaluated cammercial equipment has
demonetrated that the items should survive in a military environment.

Areas of concern which may impact the development of a satisfactory
humidification control system are space required and the response time of the
humidifier equipment. Discussions with the manufacturer of the proposed
humidifier indicate the manufacturer’'s willingness to work with VSE to
overcame the space and response problems. The manufacturer has proposed
modifications to their equipment which would comply with our requirements.
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Figure 11. Honeywell Humidistat Model H46C




Figure 12. Abbeon Cal Humidistat Model 4703-602
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IV. RECOMMENDATION

l. GENERAL

It is recommended that the following major components be used to comprise
" the Aircraft Service Shelter humidification control system:

o Existing shelter heat pump, modified as required, to provide for
shelter dehumidification requirements.

o Dri Steem humidifier model W2, modified as required, to provide for
shelter humidification requirements (Figure 10).

0 Honeywell humidistats models H46C and H46D to provide control for the
dehumidification and humidification equipment respectively (Figure 11).

o Abbeon Cal humidistat model 4703-602 to provide continuous indication
of shelter ambient relative humidity and to provide for high and low
relative humidity condition alarm (Figure 12).

2. EQUIPMENT MODIFICATIONS

(1) Dehumidification. The existing heat pump weuld be modified as
discussed in part 4, paragraph (3) of Section II. Level I drawings have been
provided under this task which depict electrical modifications to the 24V heat
pump control circuitry and to the thermostat printed circuit board. During
the developmental phase of this project, consideration must be given to the
heat pump input power lines. The proposed modifications will require input
currents approximately 29% .higher than present needs. The power supply system
must be capable of carrying the increased current.

(2) Humidification. The Dri Steem humidifier must be modified to comply
with the 27" height x 17" width x 23" depth requirement. Excess space does
exist within the cabinet of the humidifier. Dri Steem Humidifier Company
personnel have proposed fabricating an entirely new cabinet. The new cabinet
would be composed of an aluminum angle frame with aluminum panels. The new
cabinet can be fabricated to comply with the 27" x 17" x 23" space envelope.

The humidifier response time must be improved. The lag time from initial
unit start up to steam emission and the lag time during and following the
refill mode is significant. Dri Steem personnel have suggested modifications
which will decrease the non steam emitting periods. The initial heating
period during unit start up can be reduced by decreasing the volume of water
in the evaporator chamber. This can be accomplished by extending the three
conductivity probes deeper into the chamber. Less water would be needed to
fill the chamber. The skimming port would also be lowered accordingly. The
iag time during and following the refill mode can be reduced by allowing the
resistance heater to remain "ON" during refill. This can be accomplished by
rewiring such that the cycling £ill valve circuit is divorced from the low
water protection circuit. The evaporator chamber itself would complete the
lower water protection circuit as opposed to one of the three conductivity
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sensor probes. The first and second probes would cycle the £ill valve as
necessary while the third probe and the evaporator chamber would de-energize
the heating element at low water level. The proposed circuitry is currently
used on other model humidifiers manufactured by Dri Steem. Dri Steem has
proposed to change the current 1/4" solencid fill valve to a 1/2" solenoid
valve. The larger port will increase the f£low rate from the gravity fed water

supply.

Human factors consicerations may require that the exposed steam

. distribution tube be guarded to reduce the burn hazard. Since a new cabinet

is proposed, handles for proper lifting could easily be incorporated. The
hunidifier annunciating lights are not provided in the colors dictated by MIL-
STDs. The light colors can be easily changed.

The unit exceeded the EMI limits for transients. It is not recommended
that the humidifier be modified to eliminate the transient spikes since the
spike durations are only a fraction of a second.

The humidifier 24V control circuitry would be modified to provide power to
the extreme RH alarm lamps and to the water storage tank low level alarm lamp.
These lamps require very low currents and should not adversely impact
humidifier operation.

It is recommended that the slide mounted evaporator chamber be packaged =~

such that the chamber cannot contact the front and back panels during
transportation.

(3) Humidity Controls.. No modifications are necessary to the humidity
controls selected for use. However, all humidity controls should be
recalibrated prior to installation in the shelter. The allowable relative
humidity extremes are 353 and 55%. Below 35% and above 55% alarm lamps will
annunciate. Due to the apparent lag time for the Abbeon Cal humidistat on
falling RH, it is recommended the alarm set points be 40% and 55%. The
Honeywell humidistat set points must be within this range.

3. EQUIPMENT MAINTENANCE

The humidity controls are maintenance free. No additional maintenance
will be required for the heat pump/dehumidifier (other than maintenance
presently required).

Maintenance will be necassary for the humidifier. The amount of
maintenance will be directly related to the hardness of the supply water. 1t
is recommended that chemical additives be used as required to impede the
formation of a hard mineral.scale on the humidifier internals. Oakite Enprox
355NC or an equivalent polyphosphate should be adequate for this purpose. The
remaining sludge residue must be periodically flushed from the evaporator
chamber before the sludge accumulates to the level of the heating element.

The Dri Steem automatic surface water skimming feature and the automatic flush
cycle probably will not be adequate to remove the sludge. The gravity fill
arrangement will not provide pressure with which to agitate sediments 1in the
evaporator chamber and drain them away.
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Should problems with bacteria arise in the water storage tank and the
water supply tubing, it is recommended that a biocide additive such as Oakite
Biocide 20 be used for eliminating the microorganisms.

4. DEVELOPMENTAL WCRK REQUIRED

Work remaining to arrive at a complete and operationally suitable
humidification control system involves determining the exact interfaces of the
system and the shelter. The interfaces and final equipment used should be
documented with level 2 drawings. The operational suitability shouid be
demonstrated by outfitting one or more Aircraft Service Shelters with the
humidification control system and operating for a period of time under variocus
ambient conditions requiring humidification and dehumidification.
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SUMMARY

The purpose of this report is to present findings resuiting from a market survey
to select commercially-available humidity control equipment (humidifier,
dehumidifier and humidity controls) for installation in thé U.S. Air Force service
shelter, which is an integral part of the F-16 maintenance complex. The humidity
suntrol system is necessary to control the humidity at 48% t 8% required by
sensitive equipment located in the service shelter. Initially, a list of 107 potential
manufacturer’s or their representatives was compiled from available indusirial
cataiogues and directories. A survey letter requesting technical, cost and delivery
information about their product was sent to each of the listed manufacturers. Out
of the 107 solicitations sent, 33 (about 31%) responded - 27 provided technical data
and 6 could not meet the requirements. o N -

~ An evaluation of the data received indicated that three types of humidifiers
(wetted element, atomization, and steam: generation), two types of dehumidifiers
(refrigeration and desiccant impregnated element) and various types of humidity
controls with sensing elements ranging from nylon or human hair to state-of-the-
art electro-optics were available. However, out of the three types of humidifiers
available, only one out of ten of the atomization type evaluated and two out of
nine of the steam generation type evaluated were selected for further evaluation
and study. The wetted element was not chosen because it would require an
auxiliary heating unit that would be too large for the allocated service sheiter
space. Both types of dehumidifiers were excluded from further evaluation because
the size required would be too large to fit into the allocated service shelter space
and because the existing shelter environmental control unit (heat pump) is capable
of being modified to provide the necessary dehumidification by rewiring the units

control circuitry to allow dehumidification operation when thermostat is satisfied.
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Four of 12 humidity controls evaluated were selected for further evaluation and
study. All use nylon sensing elements and were chosen because they had the
required characteristics and were relatively inexpensive compared to other types of
humidistats.

Thus, the single atomization-type humidifier, two steam generation-type
humidifiers, and four humidity controls will be procured for further evaluation and
testing. The existing heat pump will be evaluated to determine what modificatioqs

are necessary, and be tested after incorporation of the modifications.
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PREFACE

This market survey report was prepared under Contract No. DAAK70-86-D-
0023, Task Order No. 0024, for the Belvoir Research, Development and Engineering
Center (BRDEC), Fort Belvoir, Virginia. Mr. Robert A. Rhodes served as the BRDEC
contracting officers technical representative at (703) 664-6031.

The market survey effort was part of the total humidity control work and
services to be provided under Task Order No. 0024. The required effort contained in
the task order statement of work is quoted below.

“Perform a market survey of commercial equipment such as humidity
controls, humidifying equipment and dehumidifiers. From information
acquired from this market survey, select the best candidates for use in the

van. Purchase sample items of equipment for test and evaluation.”




MARKET SURVEY OF
HUMIDITY CONTROL EQUIPMENT FOR THE
U.S. AIR FORCE AIRCRAFT SERVICE SHELTER

I. INTRODUCTION

1. SUBJECT
This report provides information concerning the market survey effort to
obtain manufacturer’s technical data for evaluation of commercially available (off-
the-shelf) humidity control equipment for potential installation in a U.S. Air Force
Service Shelter. Specifically, this means humidity contro! equipment that would
maintain indoor humidity at 48% + 8% required by sensitive electronic équipment
located in the service shelter.
The selection of potential humidity control equipment such as humidity
controls, humidifying equipment and dehumidifiers was based on the foilowing.
® Obtaining technical data from manufacturers or their
representatives about their off-the-shelf humidity control
equipment.
®  Obtaining manufacturer’s price and delivery time after receipt of
order.
e  Evaluation of data received to select potential candidates for
further evaluation.
2. BACKGROUND
On 14 July 1986, the Tactical Shelter Systems Development Office, HQ
Electronics System Division, Department of the Air Force at Hanscom Air Force Base,

Massachusetts, through the Belvoir Research, Development and Engineering

Center, tasked VSE to provide engineering support, protatyping, documentation
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and testing services in evaluating humidity control eqdipment for potential use
within the U.S. Air Force service shelters. These 12 Navy International Stanc{ards
Organization (1SO) shelters comprise the F-16 aircraft maintenance complex (Figure
1). Eight of the shelters are arranged in four groups of two, which are desigr.ated as
“work stations”. Two more shelters are centrally located and serve as work bench
equipped corridors. The two remaining shelters (3 and & in Figure 1) are used for
maintenance of electronic devices. Because these two shelters contain equipment
and processes that are humidity sensitive, humidity within the shelters must be
controlled. Currently, heating and cooling in each shelter are provided by a

nominal 3-ton heat pump.
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Figure 1. F-16 Maintenance Complex
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Il. DISCUSSION

1.  MARKET SEARCH 'FOR HUMIDITY CONTROL EQUIPMENT CANDIDATES
Initially, the following documents were searched to compile a list of potential
humidity control manufacturers to be surveyed.
®  American Society of Heating, Refrigerating and Air Conditioning
“" Engineers (ASHRAE), 1979 Equipment Volume. |
®  American Refrigeration Institute (ARI) Unitary Directory dated
July 1 - December 31, 1985.
® Thomas Register of American Manufacturers dated 1986.

A list of 107 potential manufacturers or representatives was compiled
(Appendix A). The survey letter (Appendix B) requesting information about their
product was then sent to each of these manufacturer’s or representatives. Out of
the 107 solicitated, 33 (about 31%) responded. Twenty-seven provided technical
literature about their humidity control equipment candidates while the remaining
six stated they could not meet the requirements. No responses were received from
the remainder. A brief summation of the technical information received from 27
manufacturers about their humidifiers, dehumidifiers, and humidity controis is

presented in Appendix C, D, and E, respectively. Results of the investigation are

‘presented in Section ill.
| 2. SELECTION OF HUMIDITY CONTROL EQUIPMENT CANDIDATES FOR FURTHER

EVALUATION

a. Criteria for evaluating candidates. The criteria listed below ;overe
provided by the Tactical Shelter Systems Development’ Office, Hanscom Air Force
Base, for evaluating the off-the-shelf humidity control equipment. The humidity

control system must:
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Have separate humidification and dehumidification modes of
operation.

Have high/low humidity alarm lamps with adjustable settings.
Create and mai‘ntain a stable environment of 48% * 8% relative
humidity within 4 hours after activation within an 8 X 8 X 20 foot
shelter or 1,280 cubic feet of interior space.

Not exceed. dimensional envelope of 17 inch width by 27 inch
height by 23 inch depth and be provided with rack adapters for
mounting in standard 19-inch racks. Must also be capable of floor
mounting.

Be powered by 120 vac * 10%, single phase, 50/60 Hz electric

- power. Must be fully efficient at 50 Hz.

Have a filtered air inlet with a removable/washable filter element.

_Have an adjustable, direct reading humidistat.

Have a self-contained water storage tank with low water alarm,
sufficient in size to sustain a minimum of 8 hours of humidification

at rated capacity.

In conjunction with design, capacity, size and electrical characteristics, cost was

used to evaluate potentiai equipment candidates.

b. Humidifier candidates. Review of the manufacturer’s technical

information received indicated that three basic types of humidification equipment

(Figure 2) were available:

Wetted Element
Atomization

Steam Generation (Heated Pan)




Of these three types, atomization and steam generation seemed to be the most
promising, asindicated in the following description and evaluation of each type.
(1) Description .

(a) Wetted element humidifiers. As shown in Figure 2, the wetted

element humidifier uses a wetted media through or over which air is circulated to
evaporate water.

Wetted element humidifier capacities are greatly dependent upon conditions of the
surrounding air or water supply. For evaporation to occur at an appreciable rate, in
a wetted element humidifier, either the supply water or forced air must be heated
to an elevated temperature. Elements generally employ materials that have a high
surface area for a given volume and are configured to facilitate evaporation in a
forced air stream. Common off-the-shelf designs for wetting the element surface
include supplying water continuously to the top of an element pad. The water is
then evenly dispersed along the length and width of the element. Supply water
then trickles down the element by gravity while coming in contact with the forced
air. Water that is not evaporated helps to flush minerals through the system drain.
A buildup of minerals in the media is one drawbachk of this type of humidifier. It
generally also has to be quite large to provide enough wetted surface for the
required capacity. Another off-the-shelf wetted element design uses an electric
motor to slowly rotate a cylindrical element through a water pan and into the

forced air stream.

(b) Atomization humidifiers. Atomization humidifiers are not

dependent on the temperature conditions of the surrounding air or water supply
like the wetted element humidifiers. Most of the off-the-shelf designs use the
centrifugal force of a rotating disc (Figure 2) to distribute a water film evenly on the

disc edge. Water then leaves the rotating disc edge and impacts a grille which
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WETTED ELEMENT
WETTED ELEMENT TYPE
HIGH PRESSURE NOZZLE
STATIONARY -
ROTATING f GRILLE -
DISK -
. SPLASH PLATE OR PAD
ATOMIZATION TYPES
IMMERSION HEATER

FLOAT VALVE

STEAM GENERATION (HEATED PAN) TYPE

NOTE: Any of the above types may have fans to distribute the moisture.

Figure 2. Humidifier Types
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breaks thé water up into small droplets. The;e water droplets are entrained into an
air stréam generated by an internal blower, and the air stream then distributes the
droplets throughout the conditioned space. Inherently a rotating disc will
distribute moisture in a 360° spre=d. The discharge can be blanked off to provide a
discharge spread, as required, to avoid nearby obstructions.. Other off-the-shelf
designs rely on h‘igh pressure water supplied to a nozzle (Figure 2) which disperses
the water droplets throughout the conditioned space. Another off-the-shelf design
is an ultrasonic atomizer which involves flowing a controlled amount of water over
a surface which is vibrated at a high frequency. The vibrations produce capillary
waves in the water. Finely atomized droplets are sheared off the wave peaks and
are then projected a short distance before falling due to gravity or are entrained in
the air stream of an internal blower. All atomizing units have the inherent
potential of “dusting” the humidified space, i.e., hard water or water containing a
high concentration of calcium or magnesium salts in solution will dust (precipitate)
these talcum fine minerals over ali equipment within the conditioned space.
Deposits will alss form on the internals of the humidification equipment itself.
Proximity of the mist spray to surfaces within the conditioned space is critical since
improper location may cause moisture accumulation on nearby equipment.
Atomizers which make use of water reservoirs possess the potential for growth of
biological organisms. Atomizers, as well as wetted element types, inherently wi_ll
remove sensible heat from the conditioned air space through the evaporative
cooling effect. Approximately 1000 BTU is absorbed per pound of water
evaporated.

(c) Steam generation humidifiers. Steam generation humidifiers are
also not dependent on the temperature conditions of the surrounding air or water
supply like the wetted element humidifiers. The off-the-shelf design uses electric

heating elements in a water reservoir. This heated pan design (Figure 2) eliminates

-1~




the dusting drawback of atomizer humidifiers since generated steam is mineral
free. However, minerals in hard water must precipitate somewhere and for steam
generators this is a lime formation (calcium and magnesium saits) on the sides of the
water reservoir, heating elements and float valves. This scaling tendency indicates
that steam generation requires comnaratively high maintenance. Steam generators
inherently add heat to the conditioned space during their operation, though
experience shows that this heat is not significantly more than the latent heat of
vaporization.

(2) Evaluation. All three of the humidifier designs have shortcomings as to

shelter application. However, only in wetted element humidifiers is this a -

significant drawback.

(a) Wetted element humidifiers. Wetted element humidifiers require
the use of heated supply air or water for efficient operation. Most of the off—the-
shelf humidifiers were designed for installation in the hot air duct of a house
furnace where a ready supply of hot air (about 120°F) is available for accelerating
the evaporation process. Other off-the-shelf humidifiers are intended for industrial

use where supply water heated up to 140°F is already available. Neither heated air

nor water at higher temperatures is available in the service shelter. An auxiliary

unit to heat the water or air would have ¢35 be installed. The heating unit would be
an unnecessary system complication and would require additional space. In
addition, the wetted media retains minerals from the water and may rapidly
accumulate a buildup which would block air flow. Therefore, the wgtted element
humidifier was eliminated as a cand%date for further analysis and testing. Other
details about wetted element humidifiers are presentad in Appendix C.

(b) Atomization humidifiers. Atomization humidifier equipment may

require significant maintenance due to calcium or magnesium salt depositing in the

reservoir. This maintenance will be less frequent than for steam generation

R — —
P L I IR A ST, gt

-
-~

M- A




hdniidiﬁers due to the atomization humidifier nonmineral concentrating design.
However, additional maintenance may be required for other equipment located in
the conditioned space within the shelters due to “dusting” (mineral deposit).
Scaling can be reduced by neutralizing or removing mineral ions in the supply
water. This may be accomplished by chemical additives or use of a demineralizer.
However, water treatment methods would merely slow the scaling process. The size
of the water treatment equipment may preclude their use. The simplest solution to
reduce scaling would be to use distilled or demineralized supply water. However,
this "pure” water may not be available at all military locations. Internal scaling can
| be removed by scraping off excess deposits followed by an acid bath. The frequency
of cleaning would depend on the hardness of the supply water, which will vary from
location to location. Mineral deposits due to “dusting” may be reduced by
installing a filter-eliminator, which would have to be cleaned or replaced
periodically. Atomizer shortcomings do not eliminate further evaluation of this
type of humidifier for use in :he service shelter. Alternate water treatments would
be evaluated to determine wiicther internal scale cleaning can be eliminated or
periods between scale removal could be lengthened. As noted in Appendix C, 10
off-the-shelf candidates were evaluated as to capacity, size, and électrical power
requirements. Nine candidates were rejected as noted under the "Remarks”
column. Information about the candidates not rejected is also contained under the
“Remarks” column. The single candidate selected for further evaluation and
testing is presented in Table 1.

() Steam generation humidifiers. Steam generation humidifiers will

require relatively high maintenance due to calcium or magnesium sait depositing on

the inside of the equipment. Most steam generators combat scaling by periodically

self-flushing. Flushing is initiated by a preset internal timer, which opens a solenoid
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| opérated drain valve. Other measures used to combat scaling include chemically

treating supply water or installing a demineralizer. As in the atomizer humidifier,
preliminary demineralizer investigation indicates that equipment of appreciable
size would be needed. Both these water treatment methods would merely slow the
scaling process. The size of the water pre-treatment equipment may preclude their
use. The simplest solution to reduce scaling would be to use distilled or
demineralized supply water. However, this “pure” water may not b, available at all
military locations. Regardless of the method used, evaporation pans and heating
elements would have to be cleaned periodically. Scaling would be removed by
scraping off excess deposits followed by an acid bath. The frequency of cleaning
would depend on the hardness of the supply water, which will vary from location to
location. As in the case of the atomization humidifiers, this shortcoming does not
eliminate using and further evaluating steam genération humidifiers for use in the
service shelter. Alternate water treatments will be evaluated if treated water is
deemed necessary for application. As noted in Appendix C, 10 off-the-shelf
candidates were evaluated as to capacity, size, and electrical power requirements.
Eight candidates were rejected as noted under the “Remarks” ¢olumn. The two
candidates selected for further evaluation are presented in Table 1.

¢. Dehumidifier candidates. Reviéew of the manufacturer’s technical
information received indicated that two types of off-the-shelf dehumidifiers were
available:

®  Refrigeration
®  Desiccant Impregnated Element

However, as indicated in Appendix A, all of the available candidates, in order to
produce the required dehumidification, would be very large. Most of the space

allocated in the service shelter would already be occupied by the humidifier.

Indications are that the dehumidification requirement of 5.43 lb/hr can be met with
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~ the existing environmental control unit (SCU). Results of ECU capacity tests

presented in Report No. 466303 rendered to U.S. Army MERADCOM, Tests of a

Model ECU 36 HP 36000 BTU/HR, 208/230 volts, 60 Hz, 3 phase Heat Pump in

Accordance with ASHRAE Standard 37-1978, dated 27 December 1984, indicate a
latent cooling capacity of 9350 BTUH. The heat pump tested (fabricated by ECU Inc.)

did not contain the identical compressor as the heat pump (fabricated by ARE
Manufacturing Co.) deployed in the aircraft service shelter, however, it is believed
test results would be similar. The 9350 BTUH capacity equates to a dehumidification
capability of approximately 9 Ib/hr which is almost twice that required by the service
shelter. Ambient test conditions of 80°F-and 51% RH approximate the service
shelter’s design condition. It appears that minor modifications to the control
circuitry of the ECU would provide the required dehumidification. Since the ECUisa
heat pump with electrical booster Heaters, dehumfdification in the temperature
comfort range ambients can be readily achieved by operating heat pump in cooling
mode with booster heaters operating simultaneously. By modifying the existing
ECU to provide controlled dehumidification and eliminating the need for a separate
dehumidifier, cost savings in both materials and labor would results. Other benefits
would produce savings in servicing, space, weight and handling.

d. Humidity controls. Review of the manufacturer’s technical information
received indicates that a wide variety of humidity controls are available. Sensing
elements used in the controls varied from nylon or human hair to state-of-the-art
electro-optics. The more cqnventional controls used hygroscopic materials which

expand or contract with humidity changes. The expansion or contraction, in turn,

mechanically opens or closes a set of electrical contacts. Currently, the industrial

trend is toward using the less expensive nylon as the sensing element. Nylon has a
reputation for good precision, but manufacturing techniques may not produce

consistent accuracy. Therefore, it may be necessary to calibrate each control upon

-17-
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receipt. Solid state controls use sensors that detect changes in electrical resistance
and are relatively expensive. Electro-optic controls use a photosensor to detect
moisture formation on a chilled mirror. Dew point changes are interpreted by a
microprocessor which then sends signals to a humidifier, dehumidifier or other
similar equipment. Consideration must be given to the internal switch mechanism
of the controls, which must have the ability to operate both the humidifier and
dehumidifier with a dead band between the two control points. However, it may
prove to be less expensive to instali two separate controls, one for humidification
and one for dehumidification. Controls are available for either low or line voltage.
As noted in Appendix D, 12 off-the-shelf candidates were evaluated. Eight
candidates were rejected as noted under the “Remarks” column. The four

candidates selected for further evaluation are presented in Table 2.

-18-
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ill. CONCLUSIONS

The market survey and subsequent evaluation of the off-the-shelf huhidity
control equipment resulted in the following conclusions about the humidifier,
dehumidifier and humidity control equipment.

1. HUMIDIFIER EQUIPMENT

Of the three types of humidifier equipment available (wetted element,
atomization and steam generation), the atomization and steam generation type
have the potential of providing the humidification required by the service shelter.
One of the nine atomization type evaluated and two of the ten steam generation
type evaldated were chosen as candidates (see Table 1) for further evaluation and
testing because they closely approximafe requirements specified by the
government. The five wetted element types were excluded from further evaluation
because the size of an auxiliary unit needad to heat incoming air ¢r supply water
would be too large to fit into the allocated service shelter space.

2. DEHUMIDIFIER EQUIPMENT

Both types of dehumidifiers available (refrigeration and desiccant
impregnated element) were excluded from further evaluation and testing.
Exclusion was based on the fact that the size required would be too large 1o fit into
the allocated service sheiter space. In lieu of using an auxiliary dehumidifier, results
of a preliminary investigation indicate that the existing ECU with modified controls
is capable of providing the dehumidification required.

3. HUMIDITY CONTROLS
Of the various types of humidity controls a:ailable with sensing elements

ranging from nylon or human hair to state-of-the-art electro-optics, the most

- promising candidates (see Table 2) are four with nylon sensing elements.



Y,

3, b R AE & B
po s oo o i
: o v =87 s
M Gl a3 &) 2

\
#a

L ile e el

T

T SR8 2 Bt

EETSE

i

i TP o e £
n

I T B

& LB & 2

-

IV. RECOMMENDATIONS

It is recommended that the three atomization and the two steam generation
humidifiers in Table 1 be procured, evaluated and tested for use in the Air Force

service shelter to determine which candidate could best provide the required

" humidification. Additionally, it is recommended that the four humidity controls in

Table 2 be procured, evaluated and tested. However, procurement of dehumidifiers
for further evaluation and testing is not recommended because the existing ECU
(heat pump) can provide the necessary dehumidification. Therefore, it is also
recommended that the ECU be evaluated to determine what modifications are
necessary for its use as a dehumidifier and that it be tested foilowing the

modification.
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APPENDIX A
LIST OF 107 PROSPECTIVE MANUFACTURERS CONTACTED
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*3.

*S.

*9.

*10.

1.

12.

Airflow Co. 13

295th Bailes Ln.
Frederick, MD 21701

American Hofer Sub. of Kahn &

Co., Inc. ) 14.

Goff & Wells Roads
Wethersfield, CT 06109

Barnebey-Cheney Co. *15.
P.O.Box 2526

Columbus, OH 43216

Bry-Air, Inc. *16.
P.O.Box 269

Sunbury, OH 43074

Cargocaire Engineering
Corp./Craig

Bill Kennedy 17.

6 Chestnut Street
Amesbury, MA 01913

Airtek Division

Compressed Air Components *18.

757 E. Ferry Street .
Buffalo, NY 14211

Dryomatic, Div. of Airflow Co.

Airport Industrial Center *19.

Gaithersburg, MD 20879

Eagle Chemical Co., Inc.

P.O.Box 107 *20.

Mobile, AL 36601

Electro Impulse, inc. *21.

116 Chestnut Street
Red Bank, NJ 07701

*22.

General Cable Corp.,
Apparatus Div.

500 W. Putnam Avenue
Greenwich, CT 06830

Kahn & Co.
Goff & Wells Roads
Wethersfield, CT 06109

Kathabar Systems Ross Air

23.

Sys. Div. 24.

20600 Chagrin Blvd.
Cleveland, OH 44122

Lectrodryer Div.,

Ajax Magnethermic Corp.
Overland at Larchmont
Warren, OH 44482

Mcintire Co.
33 River Street
Thomaston, CT 06787

Niagara Blower Co.
673 Ontario Street
Buffalo, NY 14207

Pall Corporation Pneumatics
Prod. Corp.

Tony Quilon

4647 Southwest 39th Ave.
Ocala, FL 32674

Rainville Co., Inc.
200 Clay Avenue
P.O.Box 640
Middlesex, NJ

Tate Temco, Inc./Tate
Andale, Inc.

1941 Lansdowne Road
Baltimore, MD 21227

Universa! Dynamics Corp.
13614 Dawson Beach Road, E.
Woodbridge, VA 22191

Addison Products Co.
Addison, MI 49220

Amana Refrigeration, Inc.
Amana, IA 52204

Antar Industries, Inc.
350 5th Ave., Empire
State Bldg.

New York, NY 10118

Dayton Electric Mfg. Co./W.W.
Grainger’s

Lynn McBride

7400 Boston Blvd.

Springfield, VA 22153

Ebco Mfg. Co.
265 N. Hamilton Road
Columbus, OH 4312
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*25.

26.

27.

28.

*29.

30.

31.

32.

33.

34.

35.

36.

Electrohome Ltd. *37.

m w?'llingtgn 'StreetCa q
. Kitchner, Ontacig, Canada
N2G4J6 tac\

Fedders Corporation 38.

4429 James Place
Melrose Park, IL 60160

General Cold Corb.

Empire State Building 39.

New York, NY 10118

Heat Controller, Inc.

1900 Wellworth at Losey 40.

Jackson, M| 49203

Kelvinator International Corp.

4248 Kalamazoo Ave., S.E.

Grand Rapids, Mi 49508 41.
Marlow Industries, Inc.

10451 Vista Park Road

Dallas, TX 75238 *42.

Oasis Water Coolers
265 N. Hamilton Road

Columbus, OH 43213 *43.

Singer Co., The Climate
Control Div.

401 Randolph Street
Red Bud, IL 62278

Valad Electric Heating Co.
161 Wildey St., P.O Box 577
Tarrytown, NY 10591

*44.

Whirlpool Corp., Commercial

Refrigeration Division. 45.

2000 U.S. 33N
Benton Harbor, Ml 49022

White-Westinghouse

Appliance Co. 46.

930 Fort Duquesne Blvd.
Pittsburgh, PA 15222

Air & Refrigeration Corp. *47.

P.O.Box 10127
Dallas, TX 75207

Abbeon Cal, Inc. .
Susan Reed

123 Gray Avenue

Santa Barbara, CA 93101

Aeronca, Inc., Buensod/Agitatir
Div.

200 Rodney Street

Pineville, NC 28134

Air Conditioning, Inc.
P.O.Box 800396-TR
Houston, TX 77280

Air Dynamics, Inc.

1918 N. Potrero Avenue
P.0.Box 3666

South El Monte, CA 91733

Air-Heet Products
10134 Pacific Avenue
Franklin Park, IL 60131

Armstrong Machine Works
8091 Maple Street
Three Rivers, Ml 49093

Autoflo Co., Div. Masco Corp.
American Metal Products
Stella

6100 Bandini Blvd.

Los Angeles, CA 90040

Flakt inc. Products Division
Bahnson, Ind. Air Quality Div.
Envirotech

200 Lowery Street
Winston-Salem, NC 27101

Bete Fog Nozzle, Inc.
324 Wells Street
P.O.Box 311
Greenfield, MA 01302

Binks Mfqg. Co.
9201 W. Belmont Avenuue
Franklin Park, IL 60131

Brod & McClung-Pace Co.
9800 S.E. McBrod Avenue
Portland, OR 97222
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49,
50.
51.
52.

53.

55.

56.

57.

58.

50,

" gryant. Day & Night, Payne/BDP
o

7310 W. Morris Street
Indianapolis, IN 46231

Buffalo Force Co.
465 Broadway
Buffalo, NY 14240

Cranes Co. Div. of Wehr Corp.
10201 W. Lincoln Avenue
Milwaukee, Wl 53227

Century by Heat Controller, Inc.

1900 Wellworth at Losey
Jackson, MI 49203

Clark-Reliance Corp.
15900 Industrial Pky.
Cleveland, OH 44135

Clermont Engineering ;0.
1304 N. Ninth Street
Philadelphia, PA 19122

Contempo En%ineering Co.
555 Riverdale Drive
Glendale, CA 91204

Day & Night/Bryant/Payne
BrandsIB?)P y
7310 W. Morris Street
Indianapolis, IN 46231

Dornback Industries Div.
Domback

Furnace & Foundry Co.
33220 Lakeland Bivd.
Eastlake, OH 44094

Dri-Steem Humidifier Co.
P.O.Box 621
Hopkins, MN 55343

Electrodome Ltd.

809 Wellington Street

N. Kitchener, Ontario, Canada
N2G4J6

Emerson-Chromalox Div.
Emerson

Electric Co.

8000 W. Florissant Avenue
St. Louis, MO 63136

60.

*61.

62.

*63.

65.

*66.

67.

69.

70.

71.

e sy 123 ey B30 2T 00h g

General Filters, Inc.
43802 Grand River Avenue
Novi, Ml 48050

Herrmidifier Co., Inc.
1770 Hempstead Road
Lancaster, PA 17601

Humid-Aire Corp.
156-A N. Jefferson
Chicago, IL 60606

Johnson Controls, Inc.
1250 E. Diehl Road
Naperville, IL 60540

Lau Industries, Div. of Phillips
Industries, Inc. A
4801 Springfield Street
Dayton, OH 45401

Leigh Products, A Div. of Leigh
Products, Inc.

411 64th Avenue

Coopersville, M! 49404

Lennox Industries, Inc.

400 Norris Glen Road
Etobicoke, Ontario, Canada
MIC1HS

Liebert Corporation
1050 Dearborn Drive
Columbus, OH 43229

Lobb Humidifier Co.
3080 Oakley Park Road

- Walled Lake, M| 48088

Maid-O-Mist
3217 N. Pulaski Road
Chicago, IL 60641

glountain States Equipment
0.

1975A S. Navajo Street
Denver, CO 80223

Nu-Air Humidifier Corp.
405 S. Center Street
P.O.Box 1145
Bloomington, IL 61701
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72.

73.
74.

75.

*76.

77.

78.

80.

81.

*82.

Paashe Airbrush Co.

7440 W. Lawrence Ave.,
Dept 998

Harwood Heights, IL 60656

Parks-Cramer Co.
P.0.Box 2200
Fitchburg, MA 01420

Permatron Corp.
10134 Pacific Avenue, Dept. T
Franklin Park, IL 60131

Pneumafil Corp.

4500 Chesapeake Drive
Box 16348

Charlotte, NC 28216

Research Products Corp.
1017 E. Washington Avenue
Madison, Wi 53701

Sarco Co., Inc.

Spirax Sarco

P.0.Box 119, 1951 26th St.,
S.W.

Allentown, PA 18105

Skuttie Mfg. Co.
Route 1
Marietta, OH 45750

Sonic Development Corp.
305 Island Road
Mahwah, NJ 07430

Southwark Metal Mfﬂ'

S.W. Cor. 16th & Washington
Ave.

Philadelphia, PA 19146

Spra-Kleen Co.

Lou Dinsmore

1242 Easy Street
Woodbridge, VA 22191

?pray Engineering Co./Spraco,
nc.

P.O. Box 3800

2 Spit Brook Road

Nashua, NH 03061

83.

*85.

*86.

*87.

*89.

90.

91.

92.

93.

Sprz‘ing Systems Co.
North Avenue
Wheaton, IL 60188

Standard Engineering Works
289 Roosevelt Avenue
Pawtucket, Rl 02860

Steinen Mfg. Co.
29 E. Halsey Road
Parsippany, NJ 07054

Tempmaster Corp.
1222 Ozark Street
North Kansas City, MO 64116

Atkins Technical, Inc.
3333 S.W. 40th Bivd.
Gainesville, FL 32608

Barber-Colman
Co/Environmental Control Div.
1354 Clifford Avenue

P.0.Box 2940

~ LovesPark, IL 61132

(EJC_i&G Environmental Equip.
iv.

151T. Bear Hill Road
Wattham, MA 02154

Hydro-Temp Controls, Inc.
Fort Washington, PA 19034

Hygrometrix, inc.
7800 MacArthur Bivd.
Oakland, CA 94605

ITT General Controls
801 Allen Avenue
Glendale, CA 91201

Johnson Controls, inc.
5757 N. Green Bay Ave.
P.0.Box 591
Milwaukee, WI 53201

Penn Division, Johnson
Controls, Inc.

P.0.Box 11248

5740 Gen. Wash. Drive
Alexandria, VA 22312




436.

*97.

100.

. Trane Co.
© . €200 Troop Hwy.

Tyler, TX 75701

Twinoak Products, inc.
Debbie Mareuki
12127 B Galena Road
Plano, IL 60545

Walton Laboratories, Inc.
1 Carol Place
Moonachie, NJ 07074

Water Cooling Corp.
P.O.Box 56
Rosedale, NY 11422

American Instrument Co.

'Div. of Travenol Laboratories,
nc.

Washington Bivd.

Savage, MD 20863

Phys-Chemical Research Corp.
36-A W. 20th Street
New York, NY 10011

101.

*102.

*103.

*104.

*105.

*106.

*107.

Ranco Controls Division
8115 U.S. Route 42 N.
Plain City, OH 43064

Robertshaw Controls Co.
P.O.Box 26544
Richmond, VA 23261

Shafer, Troxell & Howe, Inc.
203 Brookes Avenue
P.O.Box 118

Gaithersburg, MD 20877

Mitsubishi International Corp.
520 Madison Avenue
New York, NY 10022

Honeywell, Inc.
1885 Douglas Drive North
Minneapolis, MN 55422

Rotromic Instrument Corp.
7 High Street, Suite 207
Huntington, NY 11743

Dument Refrigeration Corp.
P.O Box 148
Monmouth, ME 04259
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August 15, 1986
0500.0024

Attention: Sales Manager
Subject: Humidifiers, Dehumidifiers and Humidity Controis
Dear Sir/Madam:

VSE is performing a market survey to evaluate the performance of commercially
available humidifiers, dehumidifiers and humidity controls under contract to the
U.S. Army Belvoir Research, Development and Engineering Center. This equipment
is expected to be used in a U.S. Air Force Aircraft Service Van. It has been brought to
our attention that the capabilities sought might exist in your line of k 'midity
controlling equipment. .

We are requesting catalogs and/or specification sheets describing your equipment'’s
physical form, performance capabilities, power requirements, etc., especially that
which meets the flowing criteria: 1) Humidify up to 28 gals/day; 2) Dehumidify up
to 24 gals/day. Also importantisinformation on cost and delivery time ARO.

The information you provide will be used to facilitate our evaluation of the Air
Force’s need for this e?uipment and the suitability of your sKstems to satisfy those
needs. This requestis tfor information only. Your response shall not constitute any
.contractual arrangement with VSE Corporation and it is to be done completely
without cost to VSE.

Please direct replies and information packages as well as questions you might have
to Harry L. Johnson at the above address within two (2) weeks.

UE REANRARAK Y >
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Ltr - Survey/Evaluation (Con’t) -2- August 15, 1986

Your help and cooperation is greatly appreciated.
Very truly yours,
VSE CORPORATION

H. L. Johnson, Resources Coordinator
Army Systems Group

R.R. Caldwell, Manager
Army Systems Group

HU/RRC:lam




APPENDIX C
SUMMARY OF MARKET SURVEY FOR HUMIDIFIERS
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SUMMARY OF MARKET SURVEY FOR DEHUMIDIFIERS
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APPENDIX E
SUMMARY OF MARKET SURVEY FOR HUMIDITY CONTROLS I




M._m ,x.om-o—
uoniesado jo abues
mousieu Ajaane|as

pue Ajuo s3y1piuny

@ j053u0d 0y paubisap
HUN Isnedraq papalay

ojjoyny

S1INPOo.{ eI

uolAN 0002S0 ueco3wy
syuiod
398 (WL)
esedas wiay} 209
‘Induy Apz wnwixeyy JpPwelq .9 £ Z -0ing -€0LY
‘Je
uety} 1310 swnpaw
Ul UOIUIBSUI 104 JOSUDS (ND
papudxa/m paddinba wudL)
un asnedaq papalay £ PUMS Z -0inQ gLy
3350464y 01 parau .
-u0d si 1amod dury (Wb
Judwdinba jo a>aid . wuayy Ly U
8ibuis e jo3u0d M 3 Youms | -0ing 1002LY 1ed uoaqqy
sewady aewixosddy ‘x0iddy uoipPyY pIVEINTETE ] ‘ON Jainpejnuey
suoisuswig HY % ‘14 Youms Buisuag 1°POWN

STOYLINOD ALIGINNH HO4 AJAUNS LINYVIN m0.>x<$=2:m.




‘suonedjdde

Aieypw 103 paubisap
S1UYdIYM ‘I3l
-piunyap 0szZ-ve-H3aq

[2pow "0) mojliy ayy «8/E-1
Yumpanddnssinun | X L€ X L¥/EY %S 15ds UolAN 4-D9vH
"4,09 Jo aume
-13dwa) bunesado
wnwiuly -abeyjoa JOL/E-ZX {euiwou
auljJo mojsydany | g/€-€ X L V/E-S %S 1ads uofAN VOO9H l1dmAaduoy
*pannbai aqg pjnom Jaded
OM} ‘0£T$ st dud 3un #V/E-OL X sidods (uosuyegq)
IS0 0y anp payalay | ,8/L-Z X .8/5-T 4 1ads -0164AH 1-38N ey
"00€°L $ S350
auoje Jaylusues )
‘sasodind jou0d
40} JOssad01doniw
Yim uoipuniuod
Ul pasn aq ysnwi
YIym anwsuen udwdinby
Apiwny e st ydo [eIudWUOoIIAU]
iyl asnedaq papalay -0i3|3 00z 9%93
sjieway Jjewixoiddy ‘x0i1ddy oy judwWa|3 "ON Jainpejnueiy
suoisuawng | HY % 'HIG | Yums buisuag 13poy

(PAU0D) STOYINOD ALIGINNH ¥O4 AIAYNS LINYVYIN SO AYVIIWNS

E-3



*10ssad0idoniw Yypm
pasn aq isnw ydrym
siosuas Aypruny
anjosqe e asay}
asnedxaq payalay

"$1010€3U0d DVA ¥T
ybnosys juswdinba
uonelyiplwny
|0J3U0d ISNA]

‘pueq paiidads uiyym
Jayipiwnyap pue
Jyipiwny butjjosyuod
40 3jqeded yun

‘3503 01 anp papalay

‘abe yum aniug
3wo033q inq ajeinde
AidA pasapisuod ale
SJUWI|I Jley urWNH
‘|endiew Juawajd

0} anp payalay

‘Buimesp

Auny sn e uo paynd
-3p st yun ‘uonedd
-de Aie)jiw 104 sain
-snpuj 033 Aq paim
-Jejnuew Juswdinba
Ayipiwny jos3U0d

03 pasn 6uiaq st yufn

«8/L°L X
«SX ULV

¥ Xaul

lN\_.cw x
SLEXULY

ozory

%S

1Qds

1Qd>

aorueysisa’
[euPad
a1e3s pijos

acue)sisal
[>T RETTE)
aie3s pijos

JleH uewny

uojAN

1-90
OSM

L-vv
YM

LOLOH

‘di0)
1Y) 1ysiqnsiN

$|01}u0D)
uosuyof

"0D) uewyo)

Jaqieg

syieway

ewixoiddy
suojsudwiq

‘xoiddy
HY % "‘H'd

uoIpPy
YPUMS

udwWaj3
buisuas

"ON
19Pon

saInpejnuepy

-

(P,3u0)) STOULNOD ALIGINNH YO4 AFAYNS LINYVIN 30 AYYINNNS

E-4




.

APPENDIXF

DETERMINATION OF REQUIRED
HUMIDIFICATION AND DEHUMIDIFICATION
CAPACITIES

-




To-determine the actual humidification and dehumidification capacities
required, the following assumptions were initially made to obtain the flow rate of
outside air being continuously supplied to service shelter.

®  Three persons would occupy the service shelter.

® Induced fresh air flow rate required by paragraph 5.8.1.2 of MIL-STD-

1472C is 60 CFM (20 CFM per person).

®  To account for moisture from the three occupants and unknown factors

introduced by the plastic strip door at the service shelter entrance, a
safety factor of 2 was used. |
As a result, a fresh air flow rate of 120 CFM (60 CFM X 2) was used in all calculations.
Calculation results showed that the service shelter required a maximum
humidification capacity of 5.33 |b water/hr and a maximum dehumidification
capacity of 5.43 |b water/hr.
1. HUMIDIFICATION MAXIMUM CAPACITY DETERMINATION
The humidification capacity was first determined by using the following equation to
calculate the capacity required St the extreme high and low temperature
sonditions. Then to the highest capacity required at these ten{perature extremes,
the capacity required for 4-hour "pull down” was added to determine maximum

humidification capacity needed.

Equation: M = Q é?wz -W,)
Where:
M = mass flow rate, |b water/hr.
Q1 = flow rate of outside air, cu. ft/min.
V = specific volume of air, cu. ft./1b dry air.
Wi = humidity ratio of inside air Ib water/ib dry air.
W2 = humidity ratio of outside air, Ib water/b dry air.

F-2
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To obtain the capacity required for the worst high temperature condition, the
following parameter values were used. V, Wi and W3 values were obtained from
ASHRAE Psychometric Chart No. 1 for the assumed conditions of outside and inside
air. Qj of outside air was assumed as discussed previously.

M = mass flow rate at worst high temperature condition.

Q1 = 120 cu. ft/min.

V = 14.7 cu. ft./ib dry air for outside air at 120°F and 3% RH.

W; = .0124 Ib water/lb dry air for inside air at 85°F and 48% RH.
W32 = 0020 b water/lb dry air for outside air at 120°F and 3% RH.

Therefore,M; = 120 (.0121 -7.00201
14,

= .085 Ib water/min.
= 5.1 Ib water/hr.

To obtain the czpacity required for the woist low temperature condition, the
following parameter values were used. V, Wi, and W3 values were obtained from
ASHRAE Psychometric Chart No. 1. Q remained the same.

' M2 = mass flow rate at worst low temperature condition.
Q1 = 120 cu. ft./min.
* V = 11.0 cu. ft./ib dry air for outside air at -25°F and 0% RH.
Wi = .0076 |b water/Ib dry air for inside air at 70°F and 48% RH.
W2 = 0 lb water/Ib dry air for outside air at -25°F and 0% RH.

Therefore, M2 = 120(.0076 - 0)
11.0

= .083 Ib water/min.
= 5.0 Ib water/hr.
However, since the humidifier must possess a "pull down” capability so that

the entire service shelter space (1,280 cu. ft.) is conditioned within 4 hours, this

F-3
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additional capacity, as calculated below, was added to the worst high temperatur
condition. The following new parameter values were used.

M3 = mass flow rate for 4 hour “pull down” flow rate

Q2 = 1,280 cu. ft. » 320 cu. ft./hr
4hr

Therefore, M3 = 320(.0124-.0020)
14.7

= .23 Ib water/hr
And the total maximum capacity at the worst high temperature condition neede
is:
Mg =M; + M3
=51+.23
= 5.33 Ibwater/hr.

2. DEHUMIDIFICATION MAXIMUM CAPACITY DETERMINATION

The dehumidification capacity was determined by using the assume

_infiltration rate shown in the first paragraph of this appendix to calculate th

capacity required at extreme high humidity, high temperature condition and
high humidity, moderate temperature condition. The capacity at the _modera1
temperature condition was determined to be the most critical, or worst cat
dehumidification condition since the heat pump does not cool, and tht
dehumidify, at moderate temperatures. To those capacities, the additional capaci
required for 4-hour "pqll down” was added to determine maximu
dehumidification capacity needed.

To obtain the capacity required for the high temperature condition (durin
which time the heat pump will normally be operating), the following paramet
values were used. V, Wy, and W3 were obtained from ASHRAE Psychrometric Cha
No. 1. Q was the same as used previously. The assumed inside air condition is 80

F4




'5‘1% RH as opposed to the 85F, 48% RH design point used to evaluate
humidification requirements. This was done to allow direct comparison with

capacity data available for the heat pump.

Ms
Q1 = 120cu. ft/min
V. = 149 cu. ft/b dry air assuming outside air is at 105°F anc

mass flow rate at high temperature condition

59% RH

Wi = 0112 Ib water/b dry air assuming inside air is at 80°F
51% RH

W2 = .0290 Ib waterntb dry air assuming outside air is at 105°
59% RH

.

Therefore, Ms = G (W2 .V Wi)

= 120(0290-.0112)

= 143 |b water/min

= 8.6lbwater/r.

However, since the dehumidifier must possess a “pull down” capability so t
the entire service shelter space {1,280 cu.ft.) is conditioned within four hours,
additional capacity, as calculated below, was added. The following new parame
were used. Wy and W3 remain the same.

Mg =  mass flow for four hour “pull down”

Q2 = 128Ccu.ft. = 320 cu. ft./hr “pull down” flow rate
4hr

Therefor_e,Mg = 320 .02190-.0112
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‘w  .Albwater/r.
and the total maximum dehumidification capacity needed is:
My = Mg+ Mg
a 86+ .4
= 9.Cibwater/hr
A determination must be made of the dehumidifying capability of the existing
heat pump. Fort Belvoir has capacity test data performed on an ECU Inc. heat pump
from which the following information was extracted:
Capacity test conditions:
®  105°F outdoor temperature
®  B0°Findcor temperature, 51% KH
® 25in.W.G. indoor static pressure
Achieved latent cooling capacity:
9,350 8Tu/r
Enthalpy of saturated liquid and saturated vapor/@80°F:
1048.3 BTU/b water
Heat pump dehumidification capability

%%25%3 = 89I[bwaterhr

At extreme high humidity and high témperature condition the
dehumidification capability of the heat puhp and the system requirement are
within 1.5%.

To obtain the capacity required for the moderate temperature condition the
following parameter values were used. V, Wy, W; were obtained from ASHRAE
Psychometric Chart No. 1. Q1 was the same as used previously.

Mg = mass flow rate at moderate temperature condition.
Q1 = 120cu. ft/min.
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V = 138 cu. ftAb dry air assuming outside air is at 75°F and

100% RH.

W; = .0088 b waterb dry air assuming inside air is at 75°F and
48% RH.

W2 = .0188 |Ib water/b dry air assuming outside air is at 75°F
and 100% RH.

Therefore,Mg = Q1 (W2-Wy)
Vv

= 120(.0188-.0088;

138
= 5.2(bwater/hr.

However since the dehumidifier hasto possess a “pull down” capability so that
the entire service sheiter space (1,280 cu. ft.) is conditicned within 4 hours, this
additional capacity, as calculated below, was added. The following new parameters
wete used. W1, and W3 values remained the same.

Mg = mass flow for4-hour “pull down”.
Q2 = 1,280 cu. ft. = 320 cu. ft./hr “puli down” flow rate.
r

Therefore, Mg =  320/.0188-.0088)
3.

= .23 ibwater/hr
And the total maximum dehumidification capacity needed is:
Mo = Mg+ Mg
= 52+.23
= 5.43|bwaterhr
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1.0 PURPOSE

The purpose of this test program is to ascertain performance data with
which to evaluate the operational feasibility of selected humidification,
dehumidification and humidity control equipment. Testing will be conducted on
three humidifiers, one dehumidifier {modified heat pump) and four humidity
controls.
20 APPLICABLE DOCUMENTS

Statement of work ard services dated 14 july 1936. Task Order 0024 -
Contract No. DAAK7C-86-D-0023.

MIL-STD-45662; Calibration System Requirements.

MIL-STD-461; Electromagnetic Emission and Susceptibility Requirements
faor the control of Electromagnetic Interference.

MIL-STD-462; Electromagnetic Interference Characteristics,
Measurement of. ' ) '

MIL-STD-810; Environmental Test Methods and Engineering Guidelines

MIL-STD-1472; Human Engineering Design Criteria for Military Systems,
Equipment and Facilities. |

MIL-STD-1474; Noise Limits for Army Materiel.

AR 70-38; Research, Development, Test and Evaluation of Materiel for
Extreme Climatic Conditions.
30 ITEM DESCRIPTION
3.1 Humidification Equioment
3.1.1 Steam Generators

Two steam generators will be tested. These units consist of water pans or
reservoirs which are hested with electrical resistance heaters. Units will be
connected to a ten gallon water tank so as to allow gravity flow of supply water.
Water ‘lml in the pan; is maintained by a float valve or electrical sensor with a

1
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solenoid valve. Units contain internal blowers which distribute the vaporized
moisture into the conditioned space. ‘

The DR! STEEM model YM2 is approximately 34" high X 24" wide X 16
deep, with a 6 |b/hr capacity, weighs 118 |b operating and requires input power of
2kW. Unit possesses a teflon coated steel vaporizing chamber with incoloy
sheathed immersion heaters. Water level is serised by a three-pronged electrical
probe which makes or breaks electrical circuits through the water. A solenoid vaive
is actuated appropriately. A minimum water hardness is required for sensor
operation. An internal timer initiates a periodic chamber flush cycle to reduce rate
of mineral build-up. Generated steam rises from the vapor chamber, through a
vapor hose to a dispersion tube. The dispersion tube is mounted down stream of a
centrifugal blower. Forced air passing over the dispersion tube distributes vapor
into the conditioned space. -, '

The alternate steam generztor to be tested is the AUTOFLO model L-
1011-K. This unit has a capacity of 4.5 Ib/hr, necessitating two units for final
application. A single unit is 2pproximately 16" high X 13” wide X 12” deep, weighs
30 Ib. operating and draws 1.4kw. Unit possass a steel vaporizing pan with a single
incoloy immersion heater. Pan water leve! is maintained by a steel and bronze float
valve. Rising vapor is distributed in the conditioned space by an axial fan.

3.1.2 Atomizers .

A single atomizer will be tested. The BAHNSON type EIA atomizes water
by means of centrifugal force. Water at a specific fle. ‘rate is provided to the center
of a rotating disc. The water then flows out by centrifugal force to the edge of the
disc. Water leaves the disc and contacts a grille which breaks the water into small
droplets. Unit contains an internal blower which distributes the mist into the

conditioned space. The type EIA is 14" hi§h and 187 in diameter, with a 12 lb./hr.
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capacity, weighs 40 |b operating and draws approximately 230 watts. Moisture i
normally discharged 360° but can be shielded to desired spread.
3.2 Dehumidification Equipment
The only dehumidifier to be tested consists of the existing shelter heat
pump with auxiliary booster heaters. The heat pump is intended for heating anc
cooliag the con&itioned space. The heat pump control circuitry must be modified tc
allow use as a dehumidifier. A humidistat is wired-in so that dehumidification car
be accomplished in the temperature range requiring neither cooling nor heating.
33 Humidity Controls
Four humidity controls will be tested. The four controls are Honeywel
model H46C and model H600A, Barber-Colman miodel HC101 and Abbeon Ca
model 4703-602. Each control contains a nylon element which senses relative
humidity. Nylon is a hygroscopic material which expands or, contracts depending
upon moisture content. The expansion and contraction mechanically zctuates ar
electrical switch depending upon the unit set point.
4.0 TEST LOCATION
All testing delineated in this test plan will be performed, in part, at on
of the following facilities:
- VSE Corporation
2550 Huntington Avenue
Alexandria, VA
- National Technical Systerns (NTS)
Route 748
Hartwood, VA
-  E-Systems, Melpar Division
7700 Arlington Boulevard
Fails Church, VA
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S.0 TEST EQUIPMENT
5.1 VSE Facilities and Hardware

Extreme temperature tests shail be performed in a chamber
manufactured by Thermotron. Chamber volume is 38” X 38" X 38" with a
temperatute range of +265°F to -80°F.

Gravity feed water supply apparatus will consist of a 10 gallon plastic
laboratory tank. ‘Water supply is required for humidifier capacity test and other
testing requiring humidifier operation verification. The tark will be supported by a
wooden structure, elevated sufficiently to ailow gravity flow to humidifiers. Tygon
tubing with clamps wili be used to connect supply water to humidifier.

Equipment fixtures required for vibration testing shall consist of
aluminum brackets, braces, metal bands, etc. which will simulate the anticipated
Man within a military van. .

Sound testing will be accomplished in a local field or open area which
approaches a free field environment.

5.1.1 VSE Instrumentation

All instrumentation used during testing will be maintained under the
following calibration control. The equipment shall be cleaned, inspected, and
calibvated to manufacturers specifications, National Technical Systems (NTS)
calibration procedures, Melpar calibration proc'edures, or VSE standards as required.
The definitions for measuring equipment, test equipment, and standards, as listed
in MIL-STD-45662, apply to this procedure. Ail VSE reference measurement
standards will be calibrated by commercial firms using standards traceable to the
National Bureau of Standards. All VSE test equipment will be calibrated using VSE
reference standards or calibrated by commercial firms using standards traceable to
the National Bureau of Standards. Reference standards will be used by calibration




personnel only. All standards tested by outside sources must be returned with the
following information: '
®  Certificate of Calibration stating that the calibration standards
used by the outside source are traceable to the National
Bureau of Standards.
e  Certification thét the subcontractor’s system is in conformance
with MIL-STD-45662.
®  Serial numbers of equipment used nn calibration and the date
of certification of the equipment.
e Data sheets or other records showing accuracy and
environmental conditions of the instrument calibrated.
H equipment size and usage permits, calibration data, such as date of
calibration, the initials of the calibrator, and the date of next calibration shall be
indicated on a suitable tag or label attached to each piece of equipment. A
Calibration Record Card (see Figure 1.), will be kept on each piece of test or
inspection equipment and standard. The card will list the equipment description,
sariat number, calibration interval, general use, each calibration and recall date, and
any repairs made or standards used. It will also be signed by the person performing
the calibration or reference the calibration source, if performed outside VSE. Each
card will be retained in the QC Department.
-5.1.2 Temperature
| Temperatures will be measured using copper-constantan thermocouples
with an accuracy of £ 1°F. Dry bulb and wet bulb temperatures will be measured
with a sling psychrometar with an accuracy of £ 1°F.
s.1.3 Water Weight
Water weight will be measured using an Accu-Weigh model 12ETDX/L
weight scale having 125 Ib. capacity and .05 Ib. resolution.
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Figure 1. Calibration Record Card
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5.1.4 Time
Time measurement will be made with a Seiko wrist watch.

5.1.5 Voltage AC

Voltage will be measured with a Weston volt meter.
5.1.6 Amperage

Amperage will be measured with a Weston ammeter.

BN Frequency

Frequency will be measured with Dynascan 1851 frequency meter.
S.1.8 Wattage
‘ Wattage will be measured with a Weston watt meter.
5.1.9 Continuity
Clreuit centinuity will be determined with a Simpson 260 muitimeter.
5.1.10  Sound Level ’
. Sound levels will be measured with a GenRad sound level meter.
5.2 NTS Facilities
Variable power input testing will be accomplished by a 15kW motor
driven alternator manufactured by Kato.
Vibration test wil! be performed with an MB Electronics €210, 28,000
force-pound vibration machine.
S.3 Melpar Facilities
Melpar shall make use of test equipment in accordance with MIL-STD-462
capable of measuring conducted and radiated EMI. A list of equipment and their
accuracies will be provided by Melpar and included in the final test report.
6.0 TESTING '

}M' | General

The following is a list of tests to be performed on the humidification
equipment:
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- Controls Performance

. Dehumidification Operation

- Capacity

- EMI

- Variable Voltage and Frequency

- High Temperature Storage

- Low Temperature Storage

- Vibration

- Sound Level

- Tilted Operation

- Human Factors Evaluation

Capacity testing for atomizer and steam generator humidifiers is not
dependent on ambient air conditions. Regardless of temperatures or relative
humidities within the conditioned space, these type humidifiers will discharge
moisture ot a given rate. Special attention will be given to atomizer capasity at 50
Hz input. Slower operation will reduce capacity and may affect dropistsize.

Extreme temperature tests reflect the worst anticipated storage
temperatures the equipment will encounter world-wide. High and low
temperatures ( + 160°F and -60°F) and storage duration periods (3 hrs and 12 hrs
respectively) reflect data cornpiled in AR 70-38.

Control tests will be performed ori the humidity controls upon reception

v

of equipment for baseline data. This test will verify controls set point and
differential accuracies. Following completion of ail other humidity control testing,
a final controls test will be performed to determine what loss of accuracy, if any, has

occurred.
Humidifiers shall be tested to ensure operation at variable voltage and
frequency conditions. Military generators used tc provide power may not be



i |

adjusted to correct voltage settings during initial start-up. It is assumed that the
generator settings will be corrected with 15 minutes of start-up. It is assumed the
system will be deployed in countries making use of 50 or 60 Hz frequencies. No
variation from the specified frequencies will be tested.

The vibration test specified in this test plan is categorized as basic
transportation. This test simulates equipment shipped as secured cargo by land, sea
or air on common carriers. Test levels are established from lang transport stress
levels since these are higher then air and sea stresses. All air and sea transport
scenarios include prior or subsequent land transportation.

Humidifiers will be tested for both conducted and radiated electro-
magnetic interference (EMi) in the transient and steady state modes. EM! will be
tested to the requirements of CEO3 and REO2 in accordance with MIL-STD-4618,
part 4. The heat pump installed in the aircraft service shelter has been tested to
identical requirements. Humic'ity controls will .be tested for transient radiated
(REO2 requirements) emissions since only this scenario presents any potential
prodiem.

Sound levels for humidification equipment are not anticipated to be
significant. Humidifiers wili be tested to ensure the expected low levels are
achieved.

Humidifiers and humidity controls sha‘ll be examined and evaluated for
human factors. Equipment should be compatitie with requirements of MIL-STD-
1472. Special design emphasis shall be given, but not limited to, paragraphs 4
(General Requirements), 5.5 (Labeling), 5.9 (Design for Maintainability), and 5.13
(Hazards and Safety), of MIL-STD-1472, as applicable.

A dehumidification ogention test sh Il be performed to ensure that the
circuit modiﬂa.tions made on the heat pump will allow operation as intended and
that the primary heating and cooling modes are not affected. Dehumidification



cannot be accomplished below 72°F. Beiow 72°F the l:nat pump is operating in the
heat mode which does not provide for a cool indoor coil surface on which to
condense moisture. It is anticipated that at indoor temperatures below 72°F, the
outdoor temperature will be significantly lower to overcome heat gains from
equipment ar.d personnel within. Thus, heating the cool high humidity outside air
will tend to provide air with decreased RH's in the indoor space. It is believed
denumidification will rarely be needed below 72°F. Should dehumidification be
needed in this range, the heat pﬁmp must first satisfy the thermostat before
dehumidification can take place. The conditioned space must be warmed to 72°F
which wili take the heat pump out of the heat mode. The evaporator coil can then
be used for dehumidification (cooling) in conjunction with both booster heaters.
Humidifiers will be operated in tilted orientations to simulate possible

military shelter location on other than level ground. .
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6.2 CONTROLS PERFORMANCE - VSE Performed

Pyrpos» of Test: To dq:mim if manufacturer’s specified operation of humidity
controls is achieved and to recalibrate controls if specified operation is not
achiaved. Control set points and % RH differentials will be evaluated. Two control
tests will be performed. The first control test will be performed upon reception of
the controls and the second test will be performed following the high and low
temperature storage tests and the vibration test. Results of the initial controls test
will provide boseline data with which to compare to results of the second controls
test. Any degradition in performance will be recorded.

Application Requirement: Humidity controls shall possess an electrical switch which
will close or open depending upon sensed relative humidity. Separate switches are
rejuired to actuate a humidifier and a dehumidifier. Humidifier humidity controls
shall cose their nwitch at the control RH set point and below. Dehumidifier
humidity controls shall dose their switch at the controls RH set point and above.
Test Equipment:

- Chamber lined with plastic to impede moisture loss. Chamber shall
be provided with a view port and will allow access to equipment
within without affecting internal conditions. -

. Humidifier

- Continuity tester

- Wire extensions necessary to test controls outside chamber

- . Psychrometer with blower

- Timedock

Test Procedure: Set the control knob for each of the four controls at 50% RH. Place

humidity controis, humidifier and psychrometer/blower assembly in chamber (see
Figure z.). The chamber shall then be conditioned as closely as possible to 50% RH.
Current ambient RH's are usually well below 50% so only humidification capability
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‘should be required in the chamber. Chamber RH will be verified with

psychrometer/blower assembly (see Figure 3.). Blower will insure a necessary air
velocity over thermometers. Humidity controls shall be soaked at 50% RH for 30
minutes. Determine accuracy of controls by rotating control knob from the 50% RH
set point until each unit’s internal switch opens or closes as required. (e.g.., a
dehumidifier control whose switch has not yet closed at 50% RH shall have its
control knob rotated above the 50% setting until the switch does close.) Switch
actuation will be determined with a continuity tester. The difference between the
knob setting at switch actuation and the chamber RH will be recorded. Should the
difference between the knob setting at switch actuation and chamber RH exceed
172% RH the control will then be recalibrated. Recalibration involves rotating the
control knab back to 50%. The housing of the control will then be removed to
QM the calibration screw. The calibration screw will be adjusted until the
control switch opens or closes as required at 50% RH.
Recorded Cata:
- Record chamber do and wb temperatures every 10 minutes
throughout test.
. Record the difference between the control knob setting at switch
actuation and chamber RM prior to recalibration.
- . Record recalibration condition, % RH.

12
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6.3 DEHUMIDIFICATION OPERATIONS - VSE Peirformed |
Purpose of Test: To ensure modifications to the control circuitry of heat pump will
allow operation as a dehumidifier without unintended equipment consequences
(see Figure 4.).

Background: The heat pump is equipped with three selector swftches to control

unit operation. The selector switches are listed below:

Switch Positicns

Unit EMERGENCY HEAT/OFF/ON
Mode COOUAUTO/HEAT

Fan AUTO/ON

A separate ON/OFF switch has been addeq to the heat pump control circuitry which
simulates a humidistat for test purposes. The temperature set points provided with
the heat pump thermostat are as follows:

- cooling called for @ 76°F and above

- Firststage heating called for @ 72°F and below

- Second stage heating called for @ 68°F and below
Thermostat contacts can be selectively shorted‘ to simulate ambient temperature
conaitions.
Application Requirement: The heat pump operating modes discussed below are
based on unit switch in “ON” position, fan switch in "AUTO” position and the
dehumidification simulatoi switch (DSS) in “ON°® position. The modified heat pump
will operate in the cool mode at ambient temperatures of 76°F and above, with the
mode selector switch in the “COOL" or “TAUTO" positions. The modified heat pump
will operate in cool mode with both booster heaters energized between ambient
temperatures of 72°F and 76°F. Mode selector switch may be in “COQL", "AUTO",
or “"HEAT” position. Mudified heat pump will operate in heat mode at ambient
tempcratures of 72°F and below, with the mode selector switch in the “HEAT” or
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*AUTO" positions. A single booster heater will energize at temperatures of 68°F
and below.

Fan shall operate continuously with fan selector switch in “ON” position.

A single booster heater will operate with the unit selector switch in
"EMERGENCY HEAT” position.
Test Equipment: ‘

- Heat pump manufactured by ARE

- ON/OFF switch which simulates a humidistat w/necessary wiring

- Thermocouple |

- Two thermocouple grids

. Volt meter

- Ammeter

- Frequency meter

- Watt meter
Test Procedure: With heat pump in an indoor ambient environment, jumper the
heat pump thermostat contacts W1, W2 and Y1 (see Figure 5). This will simulate
operation above 76°F. Turn unit selector switch to “ON” position and turn mode
selector switch to “COOL" position. Fan selector switch shall be in “AUTO® position.
Turn DSS to “ON” position. Allow a 3 minute stabilization period. Ensure heat
pump is opera'ting in cooling mode and that the booster heaters are not operating.
Move mode sector switch to “AUTO” position. Again, ensure heat pump is
operating in cooling mode and that the booster heaters are not operating
following a 3 minute stabilization period. Remove jumper wire on thermostat Y1
contacts to simuiate an ambient temperature between 72°F and 76°F. Allow a 10
minute stablization period. Ensure that the heat pump is operating in the cooling
mode with the booster heaters operating simuitaneously. Turn DSS off, stabilize for

3 minutes and verify booster heater and compressor de-energize. Remove jumper
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wire on thermostat W1 contacts to simulate an ambient temperature between 72°F
and 68°F. Stablize for 10 minustes. E'nsure heat pump is operating in heat mode with
booster heaters de-energized. Turn DSS on, stabilize for 3 minutes and ensure heat
pump is operating in heat mode with booster heafers de-energized. Move mode
selector switch to “HEAT” position and stabilize for 3 minutes. Again ensure heat
pump is operating in heat mode with booster heaters de-energized. Remove
jumper wire on W2 contacts to simulate an ambient temperature below 68°F.
Stabilize for 10 minutes. Ensure a single booster heater has energized.

Recorded Data:

-  Verification of intended operation

Record the foliowing data at the start and finish of each stabilization
period delineated in the test procedure:

- Ambient Temperature

. Heat pump intzke and discharge temperatures

- Volts

- Amps

. Frequency

- Watts




Frequency ! 4
(Hz) (Watts)

(Arpe)

Voltage Current
{Volts)

DEHUMIDIFICATION OPERATION TEST

Heat Pump
Discharge Temp. (°F)

Heat Pump
Intake . (°F) .-

Time (min)

19
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Remarks-Verification of
intended operation

Contacts
J red

DEHUMIDIFICATION OPERATION TEST (con’t)
Des

Switch Positions

Unit

SNPLE DATA SHEET
min
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64 CAPACITY-NTS Performed
Purpose of Test: To determine water discharge capacity of humidifiers and to
determine if a single unit will satisfy application requirement.
Application Reguirement: Humidifier shall have a minimum humidification
capability of 5.3 Ib/hr water. Unit shall be capable of specified performance at both
S0 and 60 Hz operation.
Test Equipment:
- GencratorSet
- Water reservoir (10 gal.)
- Weightscale
- Volit meter
- Ammeter
- Frequency meter -
Watt meter
- Sling psychrometer
- Timedock
Test Procedure: Place humidifier in an indoot ambient environment. Connect
humidifier water inlet to water reservoir in such a way as to allovﬁ gravity feed of
supply water. Operate humidifier a minimum of 15 minutes before starting test.
Just prior to acgual test period weigh water supply reservoir. Continue operation of
humidifier undisturbed for one hour. Immediately following the one hour period
reweigh the water supply reservoir. Should the humidifier capacity exceed the
reservoir capacity it will be necessary to add measured amounts of make-up water
to the ~eservoir, during test.
Two tests shall be performed; the first at 120V, single phase, 60 Hz and the second
at 120V, singie phase, 50 Hz.

a3
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Recorded Data: Record weight of water reservoir before and after one hour test
period.

The following measurements shall be recorded at test initiation and at 15 minute
intervals for a total of 5 readings: .

- Ambient db and wb temperatures

N =52 £33 =8 N o

- Voltage
. - Current
. Frequency
‘35 - Watts
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65  ELECTROMAGNETIC INTERFERENCE (EMI) - Melpar Performed
Purpose of Test: To evaluate humidifiers and humidity cont-ols for EM! (Emissions)

in accordance with MIL-STD-461.
Application Requirement: Conducted and radiated emissions must be within limits

imposed by methods CE03 and REQ2 of MIL-STD-461, Part 4.
Test Equipment: Equipmentrequired in MIL-STD-462.
Test Procedure: Using equipment and test procedures in MIL-STD-462, the

- humidifiers shall be evaluated in accordance with method CE-03, Part 4 of MIL-STD-

461. Humidifiers and humidity controls shall be evaluated in accordance with
method RE-02, Part 4 of MIL-STD-461. Only broadband conducted and radiated
emissions need be measured. Humidifiers shall be tested for steady state and
transient operations. Humidity controls shall be tested for transients only.

Reccrded Data: Each different test mode shall be stated and provided with
corresponding graphical results.
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6.6 VARIABLE VOLTAGE AND FREQUENCY - NTS Performed
Purpose of Test: To determine if humidifiers will operate at various input power
conditions.

Application Requ.rement: Humidifier shall start and operate continuously for 15

minutes on variable input power conditions described below:

Voltage frequency  Voltage Frequency
Test Condition Condition VAC .5V Hz * 2Hz

1 High High 132 60
2 Low Low 108 50
3 Low High 108 60
4 High Low 132 S0
Test Equipmer:t: .

- Generator set

- Volt meter

- Ammeter

- Frequency meter

- Watt meter

- Thermo couple

- )Nater reservoir

Time dock

Test Procedure: Maintain water supply to humidifier under test to insure

continuous operation (see Figure 6.). Begin with test 1 power conditions and
operate unit continuously for 15 minutes. Following 15 minute test period allow
humidifier to soak for 1 hour minimum at ambient conditions. Following soak

period operate humidifier at test 2 power conditions for 15 minutes. Each 15

29




minute test will be followed by a 1 hour scak period until all four tests are

completed.
Recorded Data: The following measurements shall be recorded at each test

Ex Bl &8

initiation and at 5 minute intervals during each 15 minute test:
;; g - Volts
" - Current
- Frequency
- Watts

- Ambient temperature
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6.7 VIBRATION - NTS Performed .
Purpose of Test: To determine effect of simulated transportation vibration on

humidifiers and humidity controls.
Application Requirement: Humidifier and humidity controls shail show no evidence
of structural damage or abnormal vibration during operation, following vibration
in accordance with MIL-STD-810, Method 514.3, Table 514.3I, category 1, test
procedure |, Figure 514.3-1 through. 3. Equipment shall be vibrated in three planes
(longitudinal, transverse, vertical) for a duration of 30 minutes per plane. Testitems
shall be mounted in their normal operating position throughout vibration test.
Vibration inputs'shall be monitored by averaging responses of four accelerometers
located in four comers of base fixture. Test items shall not be operated during
vibration. See Figure 7. for typical equipment mounting.
Test Equipment: .

- Vibration machine

- Fixtures necessary to securely mount humidifier and controls to

" vibration machine.

- Water reservoir

- Voltmeter

- Ammeter

. frequency meter

. Watt meter

- Timeclock

- Continuity tester

- Capability to produce a humidified or dehumidified atmosphere as

required.

Test Procedure: Ensure water has been drained from humidifier water reservoirs.

Mount fixtured humidifier and controls on vibration machine. Vibrate equipment

33
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in all three planes. Following test, inspect equipment for damage. Note any
fractures, misalignment, etc. Cennect water supply and operate humidifier for 15
minutes. Note any abnormal operation. Verify humidity controls still function by
placing unit in a humidified or dehumidified atmosphere and insuring switch opens
or closes as required with continuity tester.

Recorded Data:

- Vibration machine data to verify input at each of the three planes

- Results of physical examinations

- Record volts, amps, frequency and watts at start and finish of 15
minute operation.

- Results of continuity test
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6.8 HIGH TEMPERATURE STORAGE - VSE Performed
Purpose of Test: To determine effect of extreme hi_gh temperature on humidifiers

and humidity controls.

S s

Application Requirement: Humidifiers and humidity controls shall not be damaged
and operation shall not be impaired by storage at an ambient temperature of 160°F
as derived from AR 70-38. '

Test Equipment:
- Hot chambei

(24 +]

- Thermocouples

- Water reservoir

- Continuity tester

- Time clock

- Capability to produce a humidified or dehumidified atmosphere as
required.

Test Procedure: Place humid.fier and humidity controls in test cnamber and subject
them to 160 £ 5°F temperature for a continuous period of 4 hours. After exposure
period remove test samples from chamber and examine for deterioration and
damage. Following examination, soak test samples at room temperature for 1
hour. Operate humidifiers for 30 minutes. Verify humidifier controls still function
by placing unit in 8 humidified or dehumidified atmosphere and ensuring switch
opens or closes as required with continuity tester.

Recorded Data:

- Monitor chamber temperature at beginning of 4 hour soak period
and once very hour thereafter. Record ambient temperature
following 1 hour soak period.

= Resutts of physical examinations

- Results of 30 minute operation

. Resutts of continuity test
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6.9 LOW TEMPERATURE STORAGE - VSE Performed
Purpose of Test: To determine effect of extreme low temperature on humidifiers

and humidity controls.
Application Requirement: Humidifiers and humidity controls shall not be damaged
and operation shall not be impaired by storage at an ambient temperature of -60°F
as derived from AR 70-38.
Test Equipment:
-  Cold chamber
- Thermocouples
- Water reservoir
. Continuity tester
- Timedock
- Capability to produce a humidified or dehumidified atmosphere as
required.
Test Procedure: Ensure water has been drained from humidifier water reservoirs.
Place humidifiers and humidity controls in test chamber and subject them to -60 &
5°F temperature ‘or a continuous period of 12 hours. After exposure period remove
test samples from chamber and examine for deterioration 2nd damage. Fdllowing
examinations, soak test samples at room temperature for 1 hour. Operate
humidifiers for 30 minutes. Verify humidifiers controls still function by placing unit
in humidified or dehumidified atmosphere and ensuring switch opens or closes as
required with continuity tester.
Recorded Data: .
- Monitor chamber temperature at beginning of 12 hour soak period
and once every hour thereafter. Record ambient temperature
following 1 hour soak period.

- Results of physical examinations




- Resu'ts of 30 minute operation
- Results of corntinuity test
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6.10 SOUND LEVEL - VSE Performed

Purpose of Test: To deterrﬁine sound level of humidifiers during operation.
Application Requirement: Humidifier shall have a dB(A) criteria of no more than
75dB per Table 2, Cat *qory E of MIL-STD-1474.

Test Equipment:
- Open field
Sound level meter

- Water reservoir

- Volt meter

- Ammeter

- Watt meter

Test Procedure: Humidifier shall be placed in an open area which simulates a free
field environment. Test should be conducted in the early morning to avoid
excessive background noise levels caused by automobile traffic, birds chirping, etc.

Connect water supply and operate humidifier. Locate sound level meter at the

same level as humidifier discharge and 36 away from humidifier vertical center line
(sew Figure 8.). |

Recorded Data: Record sound levels at specified active band frequencies of MiL-
STD-1474. Record volts, amps and watts at test initiation.

|
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€ Test Initiation

Voltage

Time gVolts)

Octave band center
frequencies - Hz

63
125
250
500

1000
2000
4000
8000

Remarks:

SAMPLE DATA SHEET

Sound Level Test

Rumidifier:
Current- Frequency Power
(Nps) (Hz) (Watts)
Background Operational Humidifier
(db Max) Discharge (db Max)
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6.1 TILTED OPERATION - VSE Performed
Purpose of Test: To determine affect of a 5° tilted orientation on humidifiers or tc
determine maximum allowable tilt for satisfactory operation if less than 5°.

Application Requirement: Water shall not discharge from humidifier other than

through intended ports.
Test Equipment: _ .
- Wood wedge or some type of block with which to impart a tilt to
test samples
- Protractor to measure degree of tilt
- Water reservoir

Test Procedure: With humidifiar non operational, observe unit to be tested for

worst anticipated tilt directions (see Figure 9.). Observe whether or not water will
leak from pan, or heating elements (if applicable) will be exposed when tilted 5°.
Observe operation of float valve or level sensor. Partial disassembly may be
required. Determine degree of tilt which allows satisfactory operation. Block
humidifier to this degree of tilt and operate. Observe function.

Recorded Data: Record observations of tilted condition.

45
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SAMPLE DATA SHEET

Tilted Operation Test

Humidifer:

Results of 5° tilt observations:

Results of operation at maximm (up to 59) tilt angle which allows
satisfactory operation:
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Degree of Tilt
4

Wooden Wedge
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6.12 HUMAN FACTORS EVALUATION - VSE Performed

Purpose of Test: To determine compatibility of humidifiers and humidity controls
with MIL-STD-1472.

Application Requirement: Humidifiers and humidity controls should be, to the

greatest extent possible, compatible with requirements of MIL-STD-1472.
Deviations from prescribed sfandards shall be documented.

Test Procedure: Humidifiers and humidity controls will be evaluated by a human
factors engineer to determine conformance to Human Factors Engineering Design
Criteria as described in MIL-STD-1472, Spécial design emphasis shall be given, but
not limited to, Paragraphs 4 (General Requirements), (5.5 Labeling), 5.9 (Design for
Maintainability), and 5.13 (Hazards and Safety), of MIL-STD-1472, as applicable.
Recorded Data: All comments, observations and recommendations of the human
factors engineer will be documented and prescribed in the form of an (KFEA)

Human Factors Engineering Analysis.
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70 TEST SCHEDULE
Test Humidity
Order Humidifier Controls = Dehumidifier Test Performed by

Controls Performance VSE

\
- . & O Ay 2
-l
»

2 X Dehumidificaticn VSE
Operation
x Tilted Operation VSE
4 x Sound level VSE
x x Hurnan factors VSE
Engineering
6 x x EMI Melpar
7 x X . High Temp. Storage  VSE
8 x x Low Temp. Storage  VSE
9 x | Capacity NTS
10 x Variable Voltage & NTS
| Frequency
11 x X Vibration NTS
12 x Controls Performance VSE
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APPENDIX C

TEST REPORT FOR HUMIDITY CONTROL EQUIPMENT
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1.0 REASON FOR TESTING - GENERAL

. The reason for the test series described herein was to ascertain
performance data with which to evaluate the technical and operational
feasibility of selected humidity control equipment for use in the Air Force

" Alrcraft Service Shelter. The Aircraft Service Shelter is an integral part of

the F-18 maintenance complex. The approved test plan on which the ensuing
testing is lased, is provided in Appendix D.

2.0 APPLICABLE DOCUMENTS

Statement of Work and Services dated 14 July 1986, Task Order 0G24,
Contract No. DAAK70-86-D-0023.

MIL-STD-461; Electromagnetic Emission and Susceptibility Requirements for
the control of Electromagnet’/.c Interference.

MIL-8TD-462; Electromagnetic Interference Characteristics, Measurement of.
MIL-H~759; Ruman Factors Engineering Desiqn for Army Materiel.
MIL-STD-810; Envirommental Test Methods and Engineering Guidelines.

MIL-STD-1472; Ruman Engineering Design Criteria for Military Systems,
Equipment and Facilities.

AR 70-38; Research, Development, Test and Evaluation of Materiel for
Extreme Climatic Conditions.

3.0 DESCRIPTION OF TEST SAMPLES

3.1 General. All humidity controls tested are commercial off-the-sholf
equipment. Samples were chosen as a result of a market survey using criteria
provided by the Tactical Shelter Systems Development Office, Hanscom Air Force
Base.

3.2 Honeywell Humidity Control (Model H46C). The Honeywell model H46C
contains a single pole, single throw snap switch which closes on a rise in
relative humidity (RH) above the set point. Unit is provided with a 20-80% RH
adjustable dial and positive on/off setting positions for manual operation of
controlled equipment. Unit possesses a 53 RH differential, which closes the
switch at the set point and will open the switch at the set point minus the
differential. Unit is enclosed in a molded plastic case 4-21/32" x 2-15/16" x
1-3/8" and includes an adapter plate for vertical switch box mounting. The
humidista. has lead wire connections suitable for up to 240V use.

3.3 Honeywell Hmidity Control (Model H600OA). The Honeywell mndel H600A
contains a single pole, double throw switch which can be used to control
either a humidifier or dehumidifier. Unit is provided with a 20-80% RH
adjustable dial. Unit possesses a 5% RH differential. Unit is enclosed in a
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molded plastic case 5-3/4" x 3-3/8" x 2-3/16" and includes a metal adapter
plate for switch box mounting. The humidistat has lead wire connections
suitable for up to 240V use.

3.4 Barber Colman Humidity Control. The Barber Colman mcdel HC10l contains a
single pole, double throw switch which can be used to control either a
humidifier or dehnmidifier. Unit is provided with a 10-90% RH adjustable
dial. Unit possesses a 5% RH differential. Unit is enclosed in a molded
plastic case 4-3/8"x 2-7/8"x 1-5/8". Two screw holes are provided in a
plastic backplate for mounting. The humidistat has lead wire connections
suitable for up to 240V use.

3.5 Abbeon Cal Humidity Control. The Abbeon Cal model 4703-602 i3
manufactured by Lufft of Germany. This unit indicates the ambient RH on a 0-
1003 RH face plate. The indicator or pointer which responds to RH changes is
used as one contact of the switch. Two additional pointers which are manually
adjustable are used to open or close control circuits in conjunction with the
BRH indicator. The unit will control both a humidifier and dehumidifier within
any RH range. Unit does not possess a IRH differential. Unit is enclosed in
a metal case with a glass face plate. Unit is 6" in diameter across the
flange and 1-1/2" deep. Three screw holes are provided in the flanged metal
case for mounting. Unit includes .three screw terminals for wire connections
and is only suitable for 24V use.

4.0 DISMITIQI CF ‘l‘EST SWLES

All four humidity controls tested will be kept at VsE cOrporation until
completion of task, at which time they will be transmitted to the
Envirormental Equipment Division at Fort Belvoir.

5.0 ASSTRACT, CONCLUSIONS AND RECOMMENDATIONS .

Four commercial humidity controls were tested to determine their technical
and operational feasibility for use as part of a humidity control system in
the Aircraft Service Shelter. The humidity controls were subjected to the
following tests:

Human Factors Evaluation

Initial Controls Performance
Vibration

High Temperature Storage

Low Temperature Storage

Final Controls Performance
Electromagnetic Interference (EMI)

0000000

The initial controls performance test exposed the poor accuracy of all the
humidity controls in the "as received” coudition from the equipment supplier.
Any humidity control chosen for the service shelter application must first be
recalibrated prior to installation.

Generally, the humidity control most compatible with the military
specification MIL-H-759 and military standard MIL-STD-1472 regarding human
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factors is the Abbeon Cal unit. This unit possess a large, easily read and
understandable dial with an easily adjustable knob.

All units endured the vibration and extreme high and low temperature
storage tests with no apparent damage.

The final controls performance test indicated that the Honeywell model
H46C maintained its accuracy better than the other candidates.

The Barber Colman and the Abbeon Cal humidity controls exceeded the
radiated EMI emission level limits imposed by method RE03 of MIL-STD-461, Part
for transients. However all transient durations were much less than the 1

second duration allowable for military standard air conditioners.

Based on the test results it is recammended that the Honeywell model H46C
be used to control the Aircraft Service Shelter dehumidification equipment and
that its sister unit, the Koneywell model H46D be used to control the
humidification equipment. The task requires that a continuous reading RH
indicator be provided in the shelter. It is recamended that the Abbeon Cal
unit be used for this purpose and to actuate high and low humidity alarm

lamps.
6.0 FACTUAL DATA - TESTING
6.1 Human Factors Cvaluation

6.1.1 Reason for Test. The human factors evaluation was performed to
determine the compatibility of humidity controls with MIL-STD-1472.

8.1.2 Description of Test Apparatus. No other apparatus was required to
perform the evaluation. ‘

6.1.3 Test Procedure. Humidity controls were evaluated by a human factors
engineer to determine conformance to Human Factors Engineering Design Criteria
as described in MIL-STD-1472. Special design emphasis shall be given, but not
limited to, Paragraphs 4 (General Requirements), 5.5 (Labeling), 5.9 (Design
for Maintainability), and 5.13 (Hazards and Safety), of MIL-STD-1472, as
applicable.

6.1.4 Test Recults and Analysis. Each humidity control was assessed in
accordance with standards set forth in MIL-STD-1472, paragraph 5.4 Controls,
and other sections as applicable.

6.1.4.1 Honeywell Model H46C

Controls

4. "ON/OFF”" knob is a circular fingertip grasp type. Smooth {(not
serrated) plastic with detect mark for identifying setting/position.
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" b. Height of control is 3/10". It does not meet the standard of 1/2"
minizum.

¢. Diameter is 1®. This falls within established specifications.

d. Torque values were not assessed but seem to be enough to prevent
accidental movement, or vibration-induced movement.

e. Not sufficient for use with gloved or mit:ened hand.

f. The knob is a rotating type with a fixed scale, and a pointer/marker
on the knob edge for noting setting/position.

g. The knob is colored so as to contrast with face plate decal background
and the position indicator is of such contrast to the knob and scale
background to make control position obvious.

Control Functions

To take advantage of previous learning, maximize transfer of training, and
minimize error, the control tunctions should be standardized:

a. The "ON" direction of .noveuent (1 e. clockwize) is in accordance with
MIL-STDS-1472 and 759. - -

b. The "OFF" direction (i.e. counterclockwise) is in accordance with
MIL-STDS-1472 and 759.

c. To increase the amount of humidity the knob is turned counter
clockwise. This is in direct conflict with MIL-STDS, i.e. to increase,
movement should be to, right and decrease to left,

d. The control increments range from 20 to 80 in increments of 10 with no
tenths divisions,

General

a. Labeling of humidity increments is high contrast but lacks in
boldhess. Not in accordance with MIL-STD-1472, Paragraph 5.5.5 Design of
Label /Letter Characteristics.

b. Control is mounted vertically with displays facing front. Easily read
and accessed.

6.1.4.2 Honeywell Modei W&J0A

Controls

2. Control knob is rotating type with fixed scale beneath. No reference
mark or setting indicator is provided on knob.
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b. The control knob is a serrated finger grasp type, circular. The
s dimensions (diameter 1/2", height 1/4") do not meet established standards
dot adequate for gloved/mittened hand.

¢. Torque values were not assessed but seem to be sufficient to prevent
accidental movement or movement by vibration.

d. Knob is color contrasted with label background.

e. Knob is two part, with finger grasp portion detaching from a larger
circular rotary knob located bcneath the control box cover. The reference
mark for determining what humidity value has been selected is located on the
lower knob. However, the reference mark is difficult to see when the finger
grasp knob is in plaze.

The removable finger grasp knob may be a valid concept for preventing
tarpering with preset controls but it does not (1) allow visual reference when
seiting the controls to a particular humidity setting and (2) it will be lost,
thus encouraging use of other than proper equipment to set humidity ty values.

Control Functions

a. There are no "ON" "Off”" control functions evident. This may be a
result of lack of labeling or automated "ON-OFF" controls incorporated into
the unit.

b. To decrease the humidity setting the control knob is turned clockwise.
To increase the RH setting, the control knob is rotated counterclockwise.
This is in direct conflict with MIL-STDS-1472/759 as clockwise iz to increase
and counter clockwise is to decrease.
° Cc. The humidity increments range from 20 to 80 in increments of 10, no
tenths markings are present.

General

a. The mmidity setting indicator label is on top of the control unit.
Thus:

1) The unit must be mounted lower than eye level so pers~nnel can
locate and operate the control knob. This effectively places the equipment in
a height area extremely susceptible to damage by bumping from personnel
equipment, tools, etc.

2) If mounted at "eye level”, the control setting label cannot be
seen at all by S5th percentile individual and with varying degrees of parallax
by 95th percentile persomnel.

b. The removable finger grasp knob is plastic and fits into a flanged
plastic receiver in the lower knob. Repeated removal/replacement ultimately
will knurl the turning knob shaft and render it useless.
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¢. Humidity setting labeling is inadequate for visual acuity and
positioning. Location of setting label is not in the optimum position.
Lettering characteristics of label not in accordance with MIL-STD-1472.

6.1.4.3 Barber Colman Model HC101

Controls:
a. Control knob is circular, finger grasp type with serrated front.

b. Diameter of knob is 1 1/2" and is in accordance with MIL-STDS-
1472/759. Height of knob is 1/4", not in accordance with MIL-STDS-1472/755.

¢. Reference indicator is a plastic line, slightly raised above the knob
surface and protruding outward slightly from the knob’s edge.

d. Reference indicator is the same color as the knob, thus, lacking in
contrast and not in accordance with MIL-STDS-1472/759.

e. Torque values were not assessed but seem to be adequate to prevent
accidental movement or movement by vibration.

f. Knob is dQifficult to grasr; due to extremely thin configuration. DNot
adequate for use with gloved or mittened hand.

Control Functions

a. o apparent "ON" "OFF" control capability.

b. Te decrease the humidity the control knob is rotated counterclockwise;
to increase clockwise. Thisx is in accordance with MIL-STDS-1472/759.

c. Toe humidity increments range from 10 to 90 in increments of 10. No
tenths markings are present.

General

&. f.abeling of humidity increments is high contrast to background.

b. Numerical figures are bold type and can be read easily.

¢. Control is mounted with humidity mcfements facing front.
6.1.4.4 Abbeon Cal Model 4703-602. This is the only humidistat of the sample
group which has an integral, controllable limiting capability. There are

lower and upper limiting pointer switches on the control, as well as a pointer
which indicates ambient humidity on the fixed readout scale.




n Controls: o,
| a. The control knob is centered on the unit. It is 3/4" in diameter,

' with serrated edges and meets MIL-STDS. The height is 3/8" and does not meet
l standards.

b. This is a multi-function knob. By merely turning the knob, either

o i clockwise or counterclockwise the upper limit pointer switch can be adjusted.
2 By pressing in on the knob and turning it, the lower limit pointer switch can
be adjusted higher or lower.

Control Functions:

PN Ll

a. To increase the upper/lower limiting pointers switches, the control
knob is turned clockwise, and decreased by turning counterclockwise. This is
in accordance with MIL-STDS-1472/759.

b. The control is a fixed-3cale moving-pointer indicator type with the
numerical progres3ion increasing clockwise. Also, all humidity indicator
numders are oriented in the upright position. This is in accordance with MIL-

© STDE-1472/759.

General Information

a. The "ON" "OFF” function is controlled by limiting pointer switches
which, when contacted by the humidity indicator pointer, completes an
electrical circuit and turns the controlled equipment "ON". When contact
between the limiting pointer switch and indicator pointer is broken, the
controlled equipment is deactivated. Thus, all "OR" "OFF" functions are
controlled automatically. .

b. Labeling is black on white providing high contrast. Numbers are
large, bold and not visibly restricted by any pointers. This meets MIL-STDS.

c. This is the only humidistat of the sample group which has a method by
which actual ambient humidity can be determined visibly.
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. 6.2 Controls Performance - Initial

6.2.1 Reason for Test. The initial controls performance test was performed
to determine the accuracy of humidity control upon receipt from supplier. All
units displayed inaccuracies to various degrees., Units were recalibrated so
the effect of vibration, high temperature and low temperature storage tests
could be evaluated during the final controls performance test.

6.2.2 Description of Test Apparatus. The following equipment and
instrumentation were used to conduct the controls perfcrmance test:

0 VWooden Chamber 7° x 9 x 7-1/2'lined with sheet plastic to impede
moisture loss. Chamber was provided with a view port and an access
port through which test samples within could be handled with minimal
effect on inside conditions.

o Humidifier, Autoflo model L-1011-K, 4.61 pound per hr capacity.
o Continuity tester, multi meter, Microna model 22-204C.

0 Mercury filled thermometer, Miller and Weber Inc., 50-87°F range, S/N
8L4236, calibrated 7/1/86, recalibration required 6/26/87, with woven
wick for wet bulb temperature reading.

0 Mercury filled thermometer, SGA Co., 50-87°F range, S/N 100,
calibrated 6/30/86, recalibration required 6/25/87.

Cardboard duct.
0 Vater reservoir, styrofoam cup.
0 Blower, Dayton Electric Mfg., model 4C548, 55 cfm.

6 Alr velocity meter, Sierra Instruments model 441, 0-6000 fpm range,
I.D. no. 2280, calibrated 9/10/86, recalibration due 3/10/87.

0 Purified water, Great Bear Spring Co.
0 Wrist watch, Seiko.

0 Psychrometric chart, ASHRAE psychrometric chart no. 1, sea level,
: normal temperature.

6.2.3 Test Procedure. Assembled mercury thermometers, cardboard duct, water
reservoir and blower such that an air flow of approximately 600 fpm is induced
over bulbs of thermometers as measured by air velocity meter. This served as
4 psychrameter assembly. Place humidity controls, humidifier, continuity
tester and psychrometer assembly in plastic lined chamber. Initiated
humidifier and increased chamber RH to above 50%. Shut down humidifier and
allowed chamber BH to stabilize or gradually decrease. Testing must be
accamplished within a 35%-55% RH range.
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- A 30 minute chamber RH stabilization period was otserved where the rate of
881 decrease was gradual for 30 minutes. A gradual RH decline resulted since
the plastic lined chamber was not 1003 air tight. Humidity control circuit
trip points were then determined, and their proximity to the actual chamber
condition. Circuit trip points were determined by rotating the humidity
control adjusting knob so that the control switch just closes as verified by
continuity tester. The control adjusting knob RH setting was then compared to
the actual chamber RH as determined by the psychrcmeter assembly and the
pesychrouetric chart. Control differentials were determined by rotating
adjusting knob in the opposite direction until control switch just opens its
internal circuit as verified by continuity tester. The Abbeon Cal control was
tested by observing the RH indicated by icts direct reading dial and comparing
vith actual condition. The difference between the various control knob
settings at switch actuation (or direct reading dial) and the chamber RH were
recorded. When this difference exceeded 1/2% RH the control was recalibrated.
Recalibration involved rotating the RH adjusting knob to the amhient RH
condition. The housing of the control was then removed to expoce the
calibration screw. The calibration screw was adjusted until the control
switch closed at the actual chamber RH. The Abbeon Cal control was
recalibrated by adjusting its calibration screw, until the RH indicated on its
dial corresponded to ambient condition.

6.2.4 Test Results and Analyses. It should be noted that the humidity
controls RH setting scales were divided into increments of 103. It is
therefore very difficult to accurately judge what the RH set poin% is. The
abbeon Cal unit is the exception since this units scale is divided into 2% RH
increments.

All four humidity control set points differed from the actual RH condition
by sore than 1/2% RH as visually perceived by test personnel. All were
recalibrated. Recalibration requires the use of an 1/8” hex head to adjust
the calibration screw of the Honeywell H46C and H600A units. The Barber
Colman unit requires a 1/16” allen head to adjust its calibration screw. The
Abbeon Cal unit requires a small straight edge screw driver. The r:sults of
the test are summarized in Table 1. It is very apparent that all the humidity
controls were inaccurate upon receipt. Should any of the tested humidity
controls be uced in the Aircraft Service Shelter, they must first be
recalibrated before being installed. Effect of vibration, high temperature
storage and low temperature storage on units accuracy will be determined in
the final controls performance test. Data sheet for this test is provided in

Appendix A.




‘Table 1. Initial Control Performance Test Summary

Coi:trol
Actual Set Point Control Control
Ambient at Switch Error Differential
Humidity Control $ RH Closing t RH 2t RH % RH
Abbeon Cal 4703-602 49 61 (Indicator 12 N/A
4 Reading)
| Honeywell HG600A 48 k2 14 2
Honeywell E46C 47 50 3 3
Barber Colman HCI0l 47 52 5 4
{
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6.3.1 General. The actual vibration test was performed at National Technical
Systems (NTS) in Hartwood, Virginia. The operation clieck out following
vibration was performed at VSE.

6.3.2 Reason for Test. Vibration test was performed to determine the effect
of simulated transportation vibration on humidity controls.

6.3.3 Description of Test Apparatus. The following equipment and
instrumentation were used to conduct the vibration test: .

o Vibration Exciter, MB Electronics, model €210, ID no. D 6306 D (NTS
Equipment).

¢ Vibration Control System, Hewlett-Packard, ID no. D 6054 D, calibrated
6/5/86, recalibration due 6/5/87 (NTS Equipment).

0 Accelerometer, PCB, ID no. D 6155 D, calibrated 12/2/86, recalibration
due 6/2/87 (NTS Equipment).

o Power Supply, PCB, ID no. D 6093 D, calibrated 11/11/86, recalibration
due 5/11/87 (NTS Equipment).

o0 Fixture, aluminum base plate and aluminum angle for mounting humidity
controls.

0 Continuity tester, multi meter, Microna model 22-204C.

6.3.4 Test Procedure. Fixtured humidity controls were r>unted on vibration
machine. Equipment was then vibrated in accordance with MIL-STD-810, Method
514.3, Table 514.3-1, Category 1, Test Procedure 1, Figuras 514.3-1 through 3.
Equipment was vibrated in three planes (longitudinal, transverse, vertical)
for a duration of 30 minutes per plane. Humidity controls were mounted in
their normal operating position throughout vibration tast. Vibration inputs
were monitored by averaging responses of four accelarometers located in four
corners of base plate fixture. Verified humidity controls still functioned
following vibration by rotating control knobs and insuring switches opened and
closed as required with continuity tester. Observed units for any ewvidence of

damage.

6.3.5 Test Results and Analyses. All humidity controls endured the vibration
test without mishap. No pnysical damage to the controls could be detected.
The continuity tests proved that the internal switch of each control still
functioned properly. Data sheet is provided in Appendix A.
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6.4 BHigh Temperature Storage

6.4.1 Reason for Test. High temperature storage test was performed to
determine the effect of extreme high temperature on humidity controls.

6.4.2 Description of Test Apparatus. The following equipment and
instrumentation were used to conduct the high temperature storage test:

0 Environmental chamber manufactured by Thermotron. Chamber volume is
38" x 38" x 38" with a temperature range of +265°F to -100°F.

0 Thermocouple indicator, Thermo Electric, 18 channel.

0 Thermocouple, copper-constantan.
0 Coatinuity tester, multi meter, Microna model 22-204C.

6.4.3 Teat Procedure. Humidity controls were placed in test chamber and the
chamber then stabilized at 160 +5°F. Chamber temperature was verified with
thermocouple. Controls were soaked at 160 +5°F for a minimum continuous
period of 4 hours. After exposure period, test samples were removed from
chamber and examined for deterioration and damage. Following examination,
test sanples were socaked at room temperature for 1 hour. Humidity control
function was veritied by rotating control knobs and insuring switches opened
and closed as required with continuity tester.

6.4.4 Test Results and Analyses. All humidity controls endured the high
teaperatura storage test without mishap. No physical damage or deterioration
could be detected. The continuity tests proved that the internal switch of
each control still functioned properly. Initially it appeared that the Abbeon
Cal unit was damaged following this test. The unit appeared not to respond to
the ambient humidity several hours following test. However, unit appeared to

track humidity normally the following day. Data sheet is provided in Appendix
A.

12
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6.5 Low Temperature Storage

6.5.1 Reason for Test. Low temperature storage test was performed to
determine the effect of extreme low temperature on humidity controls.

6.5.2 Description of Test Apparatus. The following equipment and
instrumentation were used to conduct the low temperature storage test:

0 Environmental chamber manufactured by Thermotron. Chamber volume is
38" x 38" x 38" with a temperature range of +265°F to -100°F.

0 Thermocouple indicator, Thermo Electric, 18 channel.

o Thermocouple, copper-constantan.
0 Continuity tester, multi meter, Microna model 22-204C.

6.5.3 Test Procedure. Humidity controls were placed in test chamber and the
chamber then stabilized at -60 +5°F. Temperature was verified with
thermocouple. Con.rols were soaked at -60 +5°F for a minimum continuous
period of 12 hours. After exposure period, test samples were removed from
chanmber and examined for deterioration and damage. Following examination,
test samples were soaked at room temperature for 1 hour. Humidity control
function was verified by rotating control knobs and immrinq switches opened
and closed as required with continuity tester.

6.5.4 Test Results and Analyses. All humidity controls endured the low
temperature test without mishap. No physical damage or deterioration could be
detected. The continuity tests proved that the internal switches of each
control still functioned properly. Data sheet is provided in Appendix A.
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6.6 gg_gtrols Performance - Final

6.6.1 Reason for Test. Final contrel performance test was performed to
evaluate the impact of vibration, high temperature storage and low temperature
storage tests on accuracy of humidity controls.

6.6.2 Description of Test Apparatus. The test apparatus used was identical
to that used for the initial controls performance test (see section 6.2.2).

6.6.3 Test Procedure. The test procedure was identical to the test procedure
followed for the initial controls performance test with the exception that the
controls were not vecalibrated (see section 6.2.3).

6.6.4 Test Results and Analyses. It should be noted that the humidity
controls RH setting dials were divided into increments of 10%. It is
therefore very 4ifficult to accurately judge what the RH set point is. The
Abbeon Cal unit is the exception since this units scale is divided into 2%
increments.

The results of the final controls performance test are summarized in Table
2. The humidity contreol that maintained the best accuracy was the Honeywell
H46C. The unit differed from the actual RH by only 1% RH. The Barber Colman
control was the least accurate as it differed from the actual RH by 93 RH.
This inaccuracy may be explained by the proximity of its calibration screw to
one of its mounting screws. The units were mounted and unmounted many times
during the course of testing. One could not help but contact the Barber
Colman calibration screw during mounting. This may have affected its
accuracy. The Honeywell H60CA was off by 3% RH and the Abbeon Cal control was
off by 5% RH.

Prior to the final control performance test, data was recorded on the
response of the Abbeon Cal unit. Approximately 90 minutes of data was
recorded. The unit appeared to track increases in RH relatively well. The
- unit appeared to lag decreasing EH by approximtely 5% RH. Data sheet is
providad in Appendix A.

It was noted that each of the four humidity controls were inaccurate on
the high side. That is, each indicated a higher RH than the ambient. This
may be due to the controls response time coming into play. The chamber
conditions were kept as stable as possible however the ambient RH was
gradually falling at a rate of approximately 3-1/3% RH per hour. Data sheet
for this test is provided in Appendix A.
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Table 2. Final Control Performance Test Summary

Control
Actual Set Point Control Control
Ambient at Switch Error Differantial
Bumidity Control 2 RH Closing t RH % RH $ RH
Abbeon Cal 4703-602 38 43 (Indicator 5 N/A
Reading)
Honeywell H600A 39 42 3 2
Honeywell B46C 39 40 1 S
Barber Colman HC10l k}.} 47 9 4
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6.7 Electromagnetic Interference (EMI)

6.7.1 General. The EMI test was performed by the Honeywell Signal Analysis
Center in Annapolis, Maryland.

6.7.2 BReason for Test. EMI testing was performed on humidity controls to
evaluate the equipments electramagnetic transient emissions in accordance with
MIL-STD-461. Transient radiated emissions were compared with limits imposed
by method REO2 of MIL-STD-461, Part 4.

6.7.3 Description of Test Apparatus. The equipment and instrumentation used
by Honeywell to conduct the EMI test are listed in Appendix C.

6.7.4 Test Procedure. The humidity controls were wired in series with a
120/24V transtormer and a 10 ohm resistor which simulated the power relay coil
in the humidifier 24V control circuit. The lmmidity controls were tested in
accordance with test procedures specified in MIL-STD-462. The humidity
controls were tested for transient emissions and comparad with limits imposed
by method REO2 for radiated emissions of MIL-SID-461, Part 4. Antenna
equipment was oriented at one meter distance from test unit.

6.7.5 Test Results and Analyses. "~ The transient emissions for Barber Colman
and the Abbeon Cal numidity controls exceeded the radiated limits imposed by
REO2. Military standard air conditioners are allowed transients which exceed
REO2 limits only if the transients are leas than 1 second in duration. The
observed transients for the humidity controls were iess than 1 second in
duration. BEMI testing performed by the Belvoir RD&E Center on the heat pump
used in the Aircraft Service Shelter demonstrated that this unit also exceeds
the REO2 limits for transients. VSE believes the transient emissions for the
humidity centrols will not pose a problem in the service shelter and that
equipment modifications are unnecessary: Data sheets are provided in Appendix
C.
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' _ | ) : Test Equipment List
. MODEL PROPERTY CALIBRATION

NOMENCLATURE . MANUFACTURER NUMBER NUMBER DUE DATE
Spectrum Analyzer HP 85688 6372 20 FEB 87
Disc Drive HP 82901M 6385 20 FEB 87
Monitor HP 216 6386 20 FEB 87
Plocter HP 7475A 6356 20 FEB 87
Bicon Antenna EMCO 3104 5313 24 MAR 87
Rod Antenna 40" Honeywell 2825 4602 10 AUG 87
Log Spiral Antenna EMCO 3101 $398 10 OCT 87
Current Probe Stoddard 91550-1 0252 24 OCT 87
Preamp Avantek AWL~-500B 5438 23 DEC 87

' Preamp ASI 8375 6197 3 DEC 87

' Attenuator HP 84968 6244 3 JUL 87
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APPENDIX D

TEST PLAN FOR HUMIDIFICATION, DEHWMIDIFICATION AND

HUMIDITY CONTROL EQUIPMENT
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1.0 REASON FOR TESTING -~ GENERAL

The reason for the test series described herein was to ascertain
performance data with which to evaluate the technical and operational
feasibility of selected humidification equipment for use in the Air Force
Aircraft Service Shelter. The Aircraft Service Shelter is an integral part of
the F-16 maintenance conplex. The approved test plan upon which the ensuing
test is based, is provided in Appendix D.

2.0 APPLICABLE DOCUMENTS

Statement of Work and Services dated 14 July 1986, Task Order 0024,
Contract No. DAAK70-86-D-0023.

MIL-STD-461; Electromagnetic Emission and Susceptibility Requirements for
the control of Electromagnetic Interference.

MIL-STD-462; Electromagnetic Interference Characteristics, Measurement
of.

MIL-P-514; Plates, Identification, Instruction and Marking, Blank.
MIL-H-759; Ruman Factors Engineering Design for Army Materiel.
MIL-STD-810; Envircomental Test Methods and Engineering Guidelines.

MIL-STD-1472; human Engineering Design Criteria for Military Systems,
Equipment and Facilities. -

MIL-STD-1473; Standard General Requirements for Color and Marking of Army
Materiel.

AR 70-38; Research, Development, Test and Evaluation of Materiel for
Extreme Climatic Conditions.

3.0 DESCRIPTION OF TEST SAMPLES

3.1 General. Two steam generator humidifiers were procured for testing as a
result of a market survey and selection criteria provided by the Tactical
Shelter Systems Office at Hanscom Air Force Base.

3.2 Dri Steew Humidifier Model W2. The Dri Steem humidifier is a steam
generation unit with a rated capacity of 6 pounds per hour. The humidifier
possesses a stainless steel evaporating chamber with a singla 2kW heating
element. Evaporating chamber water level is sensed by a three probe
conductivity sensor which cycles on and off, a solenoid operated fill valve
and the heating element. The unit possesses a drain/flush feature designed to
increase time between servicing. An internal control mocdule contains an
integral electronic timer which accumilates humidifier "ON® time. When
accumilated "ON" time reaches the timer set point, the drain/flush cycle
operates for 10 minutes. The unit contains a 265 cfm blower which distributes
the emitted ateam throughout the conditioned space. Evaporating chamber,

1




junction box and blower assembly are housed within a heavy gauge steel
cabinet. The unit is 120V, single phase, 60Hz and weighs 118 pounds

operating.

3.3 Autoflo Humidifier Model L-1011-K. The Autoflo humidifier is a steam
generation unit with a rated capacity of 4.6 pound per hour. The humidifier
possesses a stainless steel heated pan with a single 1.4kW heating element.

The pan water level is controlled by a float valve and low water protection .is
provided by a float switch. Steam dispersion 138 accomplished with & fan
assembly. A simple shaded pole electric motor with a plastic axias fan is
mounted 1n a sheet metal housing. The uni%t is 120V, single phase, 60Hz and
weighs 35 pounds operating.

4.0 DISPOSITION OF TEST SAMPLES

The two humidifiers tested will be kept at VSE Corporation untii task
completion, at which time they will be transmitted to the Environme:ntal
Equipment Division at Fort Belvoir.

5.0 ABSTRACT, CONCLUSIONS AND RECCMMENDATICNS

Two commercial steam generation humidifiers were tested to determine
their technical and operational feasibility for use as part of a humdity
control system in the Aircraft Service Shelter. The humidifiers were
subjected to the following tests:

Human Factocs Evaluation
- Sound Level -
; - Tilted Operaticn
| - Variable Voltage and Frequency
‘ - Capacity
. = Vibration
- High Temperature Storage
- Low Temperature Storage
- Electromagnetic Interference (EMI)

The human factors evaluation revealed that a significant burn hazard
exists with both humidifiers. The Dri Steem unit has an exposad steam
diatribution tube. The Autoflo unit has an unquarded ktack which allows tne
pessibility of coming in contact with the heated water and the rotating fan.
The Dri Steem unit is a twe man lift. No handles are provided for safe
lifting. The potential for lacerating personnel exists with the Autoflo unit
since corner edges of the housing are not radiused or buffed.

Both humidifiers demonstrated very low sound levels.

Neither humidifier will function properly when tilted 5° in certain
directions. The maximum allowable tilt for the Dri Steem unit is 2°, and the
mazximum allowable tilt for the Autoflo unit is 19.:

Both humidifiers cperated satisfactorily during each of the four
combinations of variable voltage and freguency tested.
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The humidifiers were undamaged and functioned preperly foliowing the
. vibration test.

Capacity tests demonstrated that neither humidifier met the 5.4 pounds
per hour minimum acceptable capacity. Twc Autoflo unitsg would be necessary to
mest minimum capacity, or use of a single 208 ‘»lt version of *he unit. The
Dri Steem unit possesses a cycling refill mode which greatly reduces the
effective rate of humidification. The method for refill must be modified o
make this unit acceptable. Another option is to use the 208V version wnico
has twice the rated capacity.

The humidifiers were undamaged and functicned properly folliewing the o.ca
and low temperature storage tests.

Both numidifiers were below the conducted and radiatec EMI emission leve.
limits impcsed by methods CEO3 and REQ2 of MIL-STD-461, Part 4 for steacdy
state conditions. The units exceed the limits for transients, however ali
transient durations were much less than the 1 second duration allowable for
military standard air conditioners.

Based on the test results it is recommended that the Dri Steem model WM.
be used to humidify the air within the Aircraft Survice Shelter. Use of thc
W2 will require modifications for achieving the necessary capacity and otiie:
modifications deemed necessary for human factors compatibility, etc.

6.0 FACTUAL DATA - TESTING

6.1 Human Factors Evaluation. The human factore engineering (HFE) assessment
of the two humidifiers was performed using established military standardés anu:
quidelines as documented in MIL-STD-1472, Human Engineering Design Criteria
for Military Systems, Equipment and Facilities and MIL-H~759, Human Factors
Engineering Design for Army Materiel.

6.1.1 Reason for Evaluation. The humidifiers were assessed for human facrtors
to determine their compatibility with MIL-STD-1472 and MIL-H-759.

6.1.2 Description of Evaluation Apparatus. The following equipment and
instrumentation were used during this evaluation:

- Thermocouple indicator, Thermo Electric, 18 channel
- Thermocouple, copper-constantan
- Common screwdriver

6.1.3 Evaluation Procedure. The humidifiers were evaluated by a hum.n
tactors engineer to determine conformance to Human Factors Engineering
principles and practices as described in MIL-STD-1472 and MIL-H-759. Specias
design emphasis was given, but not limited to, Paragraphs 4 (General
Requirements), 5.5 (Labeling), 5.9 (Desicn for Mairtainability), and 5.12 b
(Hazards and Safety), of MIL-STD-1472, as applicable. :

6.1.4 Evaluation Results and Analyses
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6.1.4.1 Dri Steem Mocel W2, The unit electricai rating is 120VAC, 1 phase,
60Hz, 20amp. Unit is two part with the fan distribution section weighing J5

pounds and the humidifier section weighing 83 pounds. Total operating weignt
is 118 pounds.

a. Unit is a two person lift minimum. There are no handles for lifting.

b. Distance between bottom of cabinet and floor is inacdequate for
gripping and lifting, and even if adequate would put undue strain on iiftina
personnel due to awkward positioning. Also, sections are nct securec togaii-
and could separate while being lifted.

¢. _.Exterior cover is swoth, providing no gripping/lifting capaciiity.
d. Unit has no wheels, thus mobility/transportability is limited.

e. Exterior finish unknown. No tests were completed to determine
ability to withstand oils, lubricants, fuels, cleaners etc.

. The two flat surfaces on the exterior top of the unit sections
provide an area to rest tools, parts etc. This may be acceptabie, however,
the steam dispersion munifold on the humidifier sections presents a distinct
burn hazard when reaching for articies rastirg on the ton.

g. Metalwork on cabinets is adequate to eliminate/reduce cutting,
snagging of personnel/clothing.

The unit is composed of a numidifier section and a fan distribution
section. Evaluation of each is presented respectively.

h. Humidifier Section

- Caution sign not in accordance with MIL-oTR-1472/MIL-P-514/MIL-
STD-1473.

- Terminal blbck not labeled J1, J2, etec.
- Hot wires not labeled (all are colored red).

- Lead/terminal connections to PC boards are color coded, not
labaled.

- Hot wires have no conrectors, just bare wire.

Instruction placard on side of electrical wiring bulkhead shouic
be a caution. A separate instruction placard should be attached in
an area unobstructed by other components.

. A strain relief should be used for main lead-in wires.
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There is ample area for accessing components.

Has water outlet to provide for drainage and overflow protection.

Fan Distribution Section

Labels {nadequate; not positioned to be obviocus to personnel; not
in accordance with MIL-STD-1472 for character configuration and
color.

Electrical terminals inadequately labeled.
Cabinet finish is adequate.

Interior cabinet flanges should be radiused (.03 min) to prevent
snagging/cutting of personnel/clothing.

Stear distribution tube is open and accessible from exterior of
cabinet. This is a burn hazard. The surface temperature of the
tube is 180°F as measure w.th thermocouple. No protective guard
is present.

No warning label on/around steam distribution tube warning ot
excessive temperature.

Front Panel

Panei lights are positioned as follows:
Color of light is in ( )

Fill Ready Drain
(Yellow) (Green) (Red)

Color of lights and their associated functions are not in
accordance with MIL-STD-1472, i.e. a red light indicates
malfunction, failure, system damage, etc. Lights should be green
or white. Any fault detections should be red/yellow.

6.1.4.2 Autcflo Model L-1011-K. The unit electrical rating is 120VAC, 1

phase, 60Hz, lSamp. Unit is single piece which is capable of being separated
Into the fan distribution section and humidifier section. Total operating
weight is 35 pounds which is well within single person lift capability. No
handles, but unit is small enough and light enough to be carried by one
person.

Vater Holding and Heating Section

Encongpasses lower part of the unit.

Has water inlet to allow water reservoir to £ill to a specific
level. Water level controlled by a float valve.

5
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Has water ocutlets to provide for drainage and overflow protection.
Both inlet and outlet are standard 3/4" nominal pipe.

Cover caps for inlet/outlet are not captive, thus increasing
possibility of loss.

Fill tank s stainless steel to prevent corrosion.

Electrical control unit is attached to front of unit, covered wiia
a removable panel attached by several screws.

VWater holding tank and heating element are expused from the rear
of the unit. The operating temperature of tne water is 21Z°F ay
measured with thermocouple. This presents a definite burn hazasrd.
No labels are posted anywhere on the unit warning of this danger.

The holding tank is separated from the outéf cabinet skm; thus
reducing unit exterior temperature to a non-hazardous level.

Electrical Controls

Wires are color coded, however, terminals are not identified.

Accessibility to electrical connections/components is good, oncu
cover is removed.

Cover is secured with six screws thus reducing potentiali for
accidental removal.

Dispersion Fan and Housing Section '

Housing fits atop water holding and heating section.

Intake fan is located at front of unit, drawing in air and pushing
it across heated (boiling) water.

Rear of housing is totally open - possibly to allow attachment ui
ductwork, but f no duct is present, boiling water and resistance
coils are accessible.

Corner edges of housing are not radiused nor buffed, creating
cutting/snagging/puncture hazards.

From the rear of the unit the fan has no guard over the rotating
blades. Blades are plastic with honed edges. Fan is not
accessible from front of unit as it is covered with an inlet
grill/quard.
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6.2 Sound Level

6.2.1 Reason for Test. Test was performed to determine sound level of
humidifiers during operation.

6.2.2 Description of Test Apparatus. The following instrumentation was useq
to conduct the sound level test:

-  Sound level meter, GenRad model 1988, 0-140 dB range, ID no. 005613,
calibrated 10/13/86, recalibration due 4/13/37.

6.2.3 Test Procedure. Humidifier was placed in a large quiet room. The
background noise level was measured. The "A" weighted decibel levels were
recorded at 36" and 1" distances from the humnidifiers in the front, left sice,
right side, and rear positions. Readings were taken in the octave band cenie:

frequencies with the sound level meter positioned 136" from the humidifier's
discharge.

6.2.4 Test Results and Analyses. Neither humidifier is an appreciable source
of noise. Measured sound levels at 36" fall well below the dB(A) criteria ot
category F in Table 2 of MIL-STD-1474. Category F requirements are imposec in
shelters where frequert telephone or radio use or frequent direct
communication at distances up to 5’ is required. Data sheets are provided .:.
Appendix A.




7 WX Ny
IR T

P T e

6.3 Tilted Overation.

6.3.1 Reason for Test. Test was performed to determine affect of a 59
tilted orientation on nuiidifiers and 7o determine maximum aliowable tilt for
satisfacic vy operaticn 1l ies3 than 3°.

6.3.2 Description of Tear Apmaratus. The following equipment was used to
conduct the tilted operation test:

- Level indicator, bubble type, adjustable
~  Wood werdge used to iezart tilt to humidifiers

6.3.3 Test Procedure. Hmidifiers were tilted 5° on each of the unit's four
sides (front sids up, back sida up, right side up, and left side up). Units
were observed for detrimental consequences. The worst case tilt direction ou!
each unit was determined. Units then were operationaily tested in the worst
direction to determine what degrae of tilt is permissible for satisfactory
operation.

6.3.4 Test Results and Analvses. The tests revealed that neither of the
hunidifiers will operate properly if vilted 59 in the wrong direction. The
Dri Steem fnaidifier allows water from the evaporator chamber to drain tirouagi
tha skimmey port when the unit is tilted with the back side up or the left
side up ag viewed {rum the unit discharge side. when tilted in either of
these orisrtations the unit will continuously £ill and drain simultaneous.y.
The humidifier then was operated in the worst case orientation (left side upj
to determine what degree of tilt, if any, is acceptable. Unit was found to
£1l1l properly without draining though the skimmer port at 20 tilt.

The Autcflo humidifier also had problems with filling and draining
simulitanenusly when tilted. The Autoflo unit allows water from the reservo.r
to drain through to overflow port with the back side up or the right side .
48 viewed from the unit intake side. The humidifier then was operated in t.e
worst case orienration (back side up) to determine what degree of tilt, 1if
4any, is acceptable. The unit was found to fill properly without draining
through the overflow port at 1° tilt. The float valve stem may be adjusted to
overcome positicnal problems by bending stem.

Neither unit experienced a problem with water discharging from the
respective water resarvoirs (other than through drain ports). There were ro
exposed heating elements to cause overheating. Data sheets are provided in
Appendix A.
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0.4 Variable Voltage and Frequency

6.4.1 General. 1ne variable voltage and frequency test was performed at B
National Tecinical Systems (NTS) 1n Hartwood, Virginia. .

6.4.2 Reason for Test. Humidifiers were operated at various 1nput power
conditions to i1nsure iS5 minute continuous operaticn at other than desiyn
viectrical characteristics.

b.4.3 Descrivtion of Test Joparatus. Tie fol.owing squitacent ang
INSLIWNENTAT10N were used to concuct the varlabie voituyge and LiuGuelicy oo

- Motor driven alternator, Kato Co., 15kW (NTS Equipment)

Voitneter, Weston, ID no. T 6024 D, cdiibrdted 3/8/00, Uedaiawi o .
due 2/8/87 (NTS Equipawent)

- Ammneter, Weston, ID no. E 6242 D, calibrated 3/3/36, recaiibediiv.,
due 2/18/87 (NTS Equipment)

- Fregquency meter, Weston, ID no. E 6220 D, caiibrated &/18/&e,
recaliibration due 2/18/87 (NTS Equipment)

- 3ling psychrometer, Bachavach code 12-701&
- Wriast watca, Seiko

H.4.4 Test Procedure. Humidifierr were subjected to the following inpui
power conditlions:

Voltage Frequency Voltage Freguency

Test conditicn Condition VAC & .V Hz + Jdz
1 High High 132 60
ps Low Low 108 5C
3 Low High 108 60
4 High Low 132 50

Test began with test 1 power conditions on the first humidifier. Tio
audaditier was powered 15 minutes and observed Lor ContinUous oOperatici. .-
aumidifier then was allowed to scak at ambient conditions for 30 minutes.
foiiowing soak peciod the humidifier was operated at test 2 power condilivi.;
tor i5 minutes. Each 15 minute test was foliowed by a 30 minutes suak unit..
dii four tests were completed on both humidifiers.




6.4.5 Test. Results and Analyses. The Dri Steem and the Autoflo humidifiers
both operated satistactorily during all variable voltage and frequency
testing. The blower thermal switch for each humidifier was jumpered to
obaserve continuous operation of blowers. After initiation of testing it was
discovered that a significant voltaye drop existed between the motor driven
alternator and the humidifier input connections. The 132V, 60Hz condition for
both units had to be rerun due to an approximate 1l volt drop through the
power lines for the Dri Steem unit and an appioximate 6 volt drop through tne
power lines for the Autoflo unit. Data sheets are shown in Appendix A.
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6.5.1 General. The S50Hz capacity test was performed at NTS in Hartwood,
Virginid using their 15«W motor driven alternator. The 60HZ capacity Lust w.s
oertormed at VEE using house power. .

$.5.2 Reason for Test. Capacity test was required Lo InSUre @ Mililuidil
awnidification rate of 5.4 pounds per aour. CapdCily tesSt Wul diS0 lediua.r !
(0 determine tie stean discharge rate of humidifiers at Sotin WS wid Leow
VLelul.un,

6.5.) Description of Test Apparatus. The following equipment and
instrumentation were used to conauct the capacity test:

- Motor driven aiternator, Kato Co., 1SXW (NTS Eculpment)

L o

Voitmeter, Weston, ID no. £ €024 2, Cdi.irated §,8/00, ielusaive ui,
due 2/8/87 (NTS Equipwent)

-  Ammeter, Weston, ID no. E 6242 D, calibrated 3/8/86, recaiinrat.uii
due 2/18/87 (NTS Equipment)

Frequency meter, Weston, ID no. £ 6220 D, caliorarea G/L0/00,
recalibration due 2/18/87 (NTS Eguiiadent)

- Voltineter, Weston Mocdel 341, 0-300 vclt range, S/N 1480
~  Ameter, Weston Model 904, 0-5 amp range, ID No. 3313

-  Frequency counter, Dvnascan Corp. modei 1351, 0-520 MH2 range, <. .. -.
4i51

-~ Current transformer, Weston Modei 461, S/N 1497 : -
- Current transformer, Weston Model 461, S/N 1501

- 8ling psychrometer, Bacharach code 12-7012

~  Water reservoir, l0 gallon plastic tank

~ Weight scale, Accu-Weigh model 126TDX/L, 0-125 pound range wit. .-
pounda resolution

Wrist watch, Seike

6.5.4 Test Procedure. The humidifier was placed in an indoor ambient
enviromment. The humidifier water inlet was connected to water reservoii ..o
such a4 way as to allow gravity feed of supply water. Humidifier was operato.
a sufficient time prior to actual test to insure unit was up TO normu.
vpcrating temperature. Water reservolr was weigned at test inlliatlioh. Tae
unit then was allowed to operate undistursed for one hour. Imeediately
fuliowing the one hour period the water reservoir was reweighned. Two testy

il
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were nerformed on each humidifier, cne at 120V, single phase, 50Hz and the
secona at 120V, simrle phase, G0Hz.

6.5.5 Test Resul"s ar.i Analyses Neither the Dri Steem nor the Autoflo
hunidifiers emitted sraem al tly: ninimem allowable tate of 5.4 pounds per
hour. This fact would necessitate the use of two units to achieve the minimuwn
required steam rate, or the use of a unit of higher capacity, or medifying
tested equipment to 1ncrease capacity.

The cyclic water refill function on the Dri Steem unit made accurate
capacity testing diff .cult. The Dri Stoem humidifier was gravity fiiiea untl.
the "ready watsr” signal was given, at which time the inlet water solenocid
valve closed. The weicht of the water reservoir was recorded at this Time.
The unit enittel steam urtil the low water sensor activated which de-
ensrgized the lLinating ~lements and <pened the inlet water solenoid va.ive tw
refili the huymidifier. The weigni of the watar recarvolr was recorced for oo
sevond tive. The differe. e betwecn the first and second reserveir weiynts.,
ainus the water chat drain<2 throucs the units skimmer port, represented tiw
moisture stecmed into the air. Ths unit is wired such that the heating
elewsn: shuts down during e ref:ill moda. Gravity fed make up water required |
spproximately 7 mimotes to reiill the unit. Following cefill, the heating
elemznts ensrgized requiring approximacely 10 minutes before steam again
emanated fraom Che unit. Tnis sequence of ovents resulted in a 17 minute .as
time with no steam generation on each refill cycie. Unit refills
IPprozimately once an hour.

The effevtive capacity for the Dri Steem unit at 120V-50H2 was 4.4 pounds
par nour. However, the unit emitted 4.4 pounds into tae air in 44 minutes.
Assuming the unit can be modified to allow tue heating element to remain on
during refili, the effective capacity should increase to approximateiy .0
pouncs per hour ag proportioned below:

4.4 pounds is to 44 minutes as X pounds is to 60 minutes

X=6.0

The effective capacity at 120v-6CHz vas 5.3 pounds per hour. The skimmer
port was plugged during this test to alleviate the necessity to measure drain
water. The unit emitted 5.3 pocunds per hour into the air in 55 minutes.
Assuming the heating element circuitry is modified, the effective capacity
should increase tec approximately 5.8 pounds per hour as proportioned brlow:

5.3 pounds is to 55 minutes as X pounds is to 60 minutes

X =5.8

The difference between the expected capacities & 50 and 60 Hz is
probably due to the 8 Volt drop through the power lines during the 60 Hz test.

The Autoflo humidifier posszesses a float valve which allows continuous
refilling. The unit capacity was below 5.4 pounds per hour. The 50 Hz tes:
capacity was 4.2 pounds per aour. The 60 Hz capacity was 1.6 pounds per hour.

12
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The difference between the two tests may be attributable to the 6 Volt drop
through the power lines during the 60 Hz test. No voltage drop was
experienced at the unit during the 50 Hz test at NTS since the power supply
was adjustable.

It appears that the alternatives for achieving minimum humidification
capacity from the Dri Steem humidifier are (1) modify the unit such that the
heating element remains on during the refill cycle or (2) use of the Dri St
model VM4 which has double the rated capacity (12 pounds per hour). Thae
aiternative for the Autoflo unit would be use of the Autoflo X-15B whichn aas
rated capacity of 6.6 pounds per hour. The higner capacity units both regu.ie
208 Volits. Data sheets are provided in Appendix A.
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6.6 Vibration

6.6.1 General. The actual vibration test was performed at NTS in Hartwood,

virginia. The operation check out following vibration was performed at VSE.

6.6.2 Reasgon for Test. This test way performed to determine the effect of
simulated transportation vibration on humiditication equipment.

6.6.3 Description of Test Apparatus. The foliowing equipment and
instrumentation were used to conduct the vibration test,

- Vibration Exciter, MB Electronics model €210, ID no. D 63006 D (NTS
Equipment)

- Vibration Control System, Hewlett-Packard, ID no. D 6054 D,
calibrated 6/5/86. recalibration due 6/5/87 (NTS Equipment)

-  Accelerometer, PCB, ID no. D 6155 D, calibrated 12/2/86,
recalibration due 6/2/87 (NTS Equipment)

-  Power Supply, PCB, ID no. D 6093 D, calibrated 11/11/86,
recalibration due 5/11/87 (NTS Equipment)

- Fixtures, aluminum base plate with inetal banding to secure
humidifiers to base plate. (NTS Egquipment)

- Voltmeter, Weston model 341, 0-300 volt range S/N 1480.
-  Ameter, Weston model 904, 0-5 amp range ID no. 3313.
- Current transformer, Weston model 461, S/N 1497.

~ Current  transformer, Weston Model 461, S/N 1501.

- Frequency counter, Dynascan Corp. mcdel 1351, 0-520 MHz range, ID ro.
4151

6.6.4 Test Procedure. Fixtured humidifiers were mounted on vibration
machine. Equipment was vibrated in accordance with MIL-STD-810, Method 5.4...
Table 514.3-1, Category 1, Tes* Procedure 1, Figures 514.3-1 through 3.
Equipment was vibrated in three planes (longitudinal, transverse, vertical)
for a duration of 30 minutes per plane. Humidifiers were mounted in their
normal operating position throughout vibration test. The two float valves i.
the Autoflo humidifier were packed with newspaper to prevent contact with
heating elements. The slide mounted evaporating chamber in the Dri Steem
humidifier was packed with newspaper to prevent contact with housing.
Vibration inputs were monitored by averaging responses of four accelercmeters
located in four corners of base plate fixture. Humidifiers were operated
following vibration. Units were observed for any evidence of damage.

6.6.5 Test Results and Analyses. Both humidifiers endured the vibraticn test
without mishap. No physicali damage to the humidifiers could be detected otiier

14




than minor deformation of the Autoflo blower housing which resuited from
tightening the metal banding supports. The functional test proved that the
humidifiers operated satisfactorily following vibration. Data sheet is

provided in Appendix A.
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£.7 High Temperature Storage

6.7.1 Reason for Test. High temperature storage test was performed to
determine tne efrfect of ertreme high temperature on humidifiers.

6.7.2 Degscription of Test Apparatus. The following equipment and
instrumentation were used to conduct the high temperature storage test:

- Environmental chamber manurfactured by Thermotron. Chamber volune .5
38" x 38" x 38" with a temperature range of +263°F tc -1009F.

- Thermocouple inuicator, Thermo Electric, 18 channel.

-  Thermcco.ple, copper-constantan.

-  Voltmeter, Weston model 341, 0-200 volt range, S/N 1480.
-  Ammeter, weston moda2l 904, 0-5 amp range, ID No. 3313.

- Current transformer, Weston model 461, S/N 1497.

- Current trausformer, Weston model 461, S/N 1501. l

- Frequency counter, Dynascan Corp. model 1851, 0-520 MHz range, 1D ... ;
4151 ,

- Wrist watch, Seiko.

6.7.3 Teut Procedure. The humidifiers were placed in test chamber and the
chamber then stabilized at 160 + 597. Chamber temperature was verified with a
thermoccuple. Humidifiers were soaked at 160 + SOF for a minimun cont:inuous
period of 4 hours. After exposure p=riod, test samples were remcved from
chamber and examined for deterioration and damage. Following examination, -
test samples were soaked at room conditions for 1 hour. The units were
operated 15 minutes following 1 hour scak to verify function.

6.7.4 Test Results and Analyses. Both humidifiers endured tle high
temperature storage test without mishap. No physicai damage or deterioration
could be detected. The humidifiers functioned properly during the operaticiiai
check out. Data sheet 1is provided in Appendix A.
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6.8 Low Temperature Stordage

6.8.1 Reason for Test. Low temperature storage test was performed to
determine the etfect of extreme low temperature or. humidifiers.

6.8.2 Description of Test Apparatus. The following eqﬁipment and
instrumentation were used to conduct the low temperature storage test:

-  Environinental chamber manufactured by Thermotron. cChamper VOIidle .-
38" % 38" x 1387 with 4 temperature range of +263°F to -100°7.

- Thermocouple indicator, Thermo Electric, 18 channel.

-  Thermocouple, copper-constantan.

~  Voltmeter, Weston model 341, 0-300 volt range, 5/N 1480.
-  Ameter, Weston model 904, G-5 amp range, ID No. 3213.

~ Current transformer, Weston model 461, S/N 1497.

-~  Current transformer, Weston model 461, S/N 1501.

-  Frequency counter, Dynascan Corp. model 1851, 0-520 MHz range, 10 ao.
4151

~ Wrist watch, Seiko.

6.8.3 Test Procedure. The humidifiers were placed in test chamber and the
chamber then stabilized at -60 + 5°F. Temperature was verified with a
thermocouple. Humidifiers were soaked at -60 + SOF for a minimum continucus
period of 12 hours. After exposure period, test samples were removed from
chamber and examined for deterioration and damage. Following examinat-on,
test samples were soaked at room conditions for 1 hcur. The units were
operated 15 minutes following 1 hour scak to verify function.

6.6.4 Test Results and Analyses. Both humidifiers endured the low :
temperature storage test without mishap. ilo physical damage or deterioration

could be detectad. The humidifiers functioned properly during the operationul

check out. Data sheet is provided in Appaendix A.
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6.9 Electromagnetic Interference (EMI)

6.9.1 General. The EMI test was performed by the Honeyweil Signal Anaiysis
Center in Annapelis, Marytand.

6.9.2 Reason for Test. EMI testing was performed on humidifiers to evaiuate
the equipment’s electromagnetic stexdy state and transient emissions in
accordance with MIL-STD-461. Conduzted and radiated emissions were compared
with limits imposed by methods CEO03 and REQ2 of MIL-5TD-401, Part 4.

6.9.2 Description of Test Apparatus. The equipment and instrumentatiull uset
by Honeywall to conduct the EMI test are listed in Appendix C.

6.9.4 Test Procedure. The humidifiers were connected to 120V/l phase/tChz
power for all testing. The humidifier blower motor thermal switches were
jumpered to ensure biower operation during all testing.

The humidifiers were tested in accordance with test procedures specificd
in MIL-STD-462. The humidifiers were tested for steady state and transient
emissions and compared with limits imposed by methods CEQ3 for conducted
emissions and RE02 for radiated emissions of MIL-STD-461, Part 4.

The conducted emissions were measured through the frequency range of .o
KHz to 50 MHz for broacdband interference on power input leads. The radiuted
emissions were measured through the frequency range of 14 KHz to 1 GHz for
broadhand emissions. Antenna equipment was oriented at one meter distance
from test unit. The Honeywell H46C humidity control was wired to each
humidifier in order to cycle the units on and off.

6.9.5 Test Results and Analyses. It should be noted that the EMI emissiuns
for the Honeywell H46C humidity control were included with the emissions of
the humidifiers cduring transient testing. The steady state emissions for i
Dri Steem and Autoflio humidifiers were well below the limits imposed by CEOJ
and REO2. The units generate low level noise and emit no strong signais.
Both humidifiers exceeded the CEO03 and RE02 limits for transients. However,
Military Standard air conditioners and related equipment are allowed
transients which exceed the CE03 and RE02 limits if the transients are less
than 1 seccend in duration. The observed transients for the humidifiers were
consideraply less than 1 second in duration. EMI testing performed by the
Belvoir RD&E Center on the heat pump used in the Aircraft Service Shelter
demonstrated that this unit also exceeds the RE02 limits for transients. VIE
believes the transient emissions for the humidifiers will not pose a problem

in the service shelter and that equipment modifications are unnecessary. Data
sheats are provided in 2ppendix C.
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WOMENCLATURE MANUFACTURER
Spectrum Analyzer HP
Dise Drive "
Monitor HP
Plotter HP
Bicon Antenna IMCO
Rod Antenna 40" Honeywell
Log Spiral Antenmma EMCO
Current Probde Stoddard
Preamy Avantaek
Preaxp AST
Attenuator HP
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NUMBER
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DUE DATE
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APPENDIX D
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1.0 REASON FOR TESTING - GENERAL

The reason for testing described herein was to ascertain performance data
wvith which to evaluate the technical and operational feasibility of modified
environmental control equipment for use in the Air Force Aircraft Service
Shelter. The Alrcraft Service Shelter is an integral part of the F-16
maintenance caaplex. The approved test plan upon which the ensuing test is
basad, 18 provided in Appendix B.

2.0 APPLICASLE DOCWMENTS

Statement of Work and Services dated 14 July 1986, Task Order 0024,
Contract No. DAAK70-86-D-0023.

3.0 DESCRIPTION OF TEST SAMPLE

The item tested is a rominal 36,000 BTUH single package heat pump model
no. MHP36X208/60/3, serial no. MM-119 manufactured by ARE Manufacturing Co.,
Inc. The ARE unit has 208-230V/J3phase/60 Hz electrical characteristics and a
maximm input power of 16,030 watts. The anit has a reversible refrigeration
cycle with an approximate cooling capacity of 33,000 BTUH and an approximate
heating capacity of 35,000 BTUH. Unit is equipped with two banks of
supplementary heaters which provides for 41,000 BTUH of electrical resistance
heating. Unit volume is 72-1/2" high x 39-1/4" wide x 15" deep and unit
weight is 450 pounds.

The ARE heat pump is equipped with an Accustat model LHP-AH22 thermostat
manufactured by PSG Industries. The thermostat settings are fixed by three
percury filled zensing bulbs and are non~adjustable. The sensing bulbs
provide for single stage cooling and two stage heating. Set points are such
that cooling is called for froam 76°F and above. First stage heating is called
for fram 72°F and below. Second stage heating is called for from 68°F and
below. The thermostat has a maximum allowable current rating of 2.5 amps.

4.0 - DISPOSITION OF TEST SAMPLES

The ABE heat pump, the PSG Industries Accustat thermostat and relays
required for system modification will be kept at VSE Corporation until task
completion, at which time they will be transported to the Environmental
Equipment Division at Fort Belvoir.

5.0 ABSTRACT, CONCLUSIONS AND RECOMMENDATIONS

The dehumidification operaticn test was performed successfully. The
modified heat punp will operate in the cooling mode with both supplementary
heaters operating simultanecusly, as intended, when the ambient temperature is
between 72°F and 76°F. Circuit modifications will not adversely affect normal
heat purmp heating and cooling modes of operation. Adequate space exists
within the heat purp junction box to locate the two additional relays. The




additional relays in the control circuit did not overload the 2.5 amp maximum
thermoatat. The Accustat rewiring modification is simply done. The only area
of concern brought cut by the test is the heat pump current draw when the unit
is operating in cooling with both banks of supplementary heaters operating
simultansously. Currents as high as 40 amps were recorded on the L3 power
leg. This represents an approximate 293 increase over the maximum current
draw of the unmodified heat pump.

It is recommended that the heat pump, modified as shown in Figure 1, be
used to provide for dehumidification requirements of the Aircraft Service
Shelter. Application of the modified heat pump should, however, take into
considaration the increased current necessary.

6.0 FACTUAL DATA - TESTING

6.1 Dehumidification Operation

§.1.1 Reasen for Test. The dehumidification operation test was performed to
ensure tnat modifications made to the heat pump control circuitry would allow
cperatica as a dehumidifier without unintended or detrimental equipment
consequences.

6.1.2 Description of Test Apparatus The following equipment and
mmtatim were used to cmduct the dehmidiﬁcatim operation test:

0 Thermocouple indicator. 18 damel 'I'bemo Electric mdel 3162( ‘1000
S/N A339748-21433, calibrated 08/26/86.

o Ten Thermocouples, copper-constantan

o 2ameter, clamp-on induction type, Amprcbe Co., 0-6 amp, 0-15 amp, 0-40
amp, 0-100 amp ranges.

o Wrist watch, Seiko
6.1.3 Test Procedure
Bad:gound

The heat pury is equipped with three szelector switches to control unit
operation. Thae selector switches are listed below:

Switch Positions
Unit EMERGENCY HEAT/OFF/ON
Mode COCL /AUTO/HEAT
Fan AUTO/ON

A separate ON/OFF switch has been added to the heat pump control
circuitry which simulatea a humidistat for test purposes. This switch is
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later referred to as the Dehumidification Simulation Switch (DSS). The |
temperature set points provided with the heat punp thermostat are as follows:

o Cooling called for € 76°F and above
o0 First stage heating called for & 72°F and below
0 Second stage heating called for @ 68°T and below

Thermostat contacts can be selectively shorted to simulate ambient
temperature conditionsa.

Procedure

The unit function during each operaticnal mode tested was verified with a
current meter and unit discharge temperatures.

The heat pump was initially operated with an unmodified control circuitry
80 baseline data could be recorded. Current draw and evaporator inlet and
¢ischarge temperatures were recorded for the cooling, low heat and high heat
modes of operation. The heat pump was then modified as shown in Figure 1.
The heat pump was placed in an ambient environment. Thermostat contacts were
jurpered as necessary to simulate difterent ambient temperature ranges as
dezcribed below:

- <cooling, Operation Above 76°F

Thermostat contacts W1, W2 and Y1 were jumpered to simulate operation
above 769F. The DSS was turned to "ON" position, fan switch was in "AUTO”
position and mode selector switch was in "COOL” position. Heat pump was
initiated by turning the unit selector switch to "ON" position. A three (3)
mimite stabilization period was observed. It was verified that the unit was
operating in the cool mode and that the supplementary heaters were not
energized. The DSS switch was turned to the "OFF" position to verify no
impact on heat pump operation. The mode selector switch was then moved to the
"AUTO” position. Again it was verified that the unit was operating in the
cooling mode and that the supplementary heaters were not energized. DSS
switch in either the "ON" or "OFF" positions had no effect on heat pump
operation.

- Thermostat Dead Zone, Operation Between 72°F and 76°F

Jumper wire on thermostat Y1l contacts was ramoved to simulate an ambient
temperature between 720F and 76°F. The DSS was moved to the "ON" position.
The mode selector switch remained in the "AUTO" position. A ten (10) minute
stabilization period was observed. It was verified that the heat purp was
operating in the cooling mode with both supplementary heater banks operating
simultaneously. The DSS was then moved to the "OFF” position and stabilized
for three (3) minutes. It was verified that the compressor and supplementary
heaters were de-energized.




- First Stage Heating, Operation Betwesen 68°F and 729F

Jumper wire on thermostat W1l contacts was removed to simuilate ambient
temperatures between 68°F and 720F. The mode selector switch remained in the
"AUTO" position. A ten (10) minute stabilization period was observed. It was
verified that the heat pump was operating in the heating mode with
supplemeritary heaters de-energized. Mode selector switch was then moved to
the "HEAT” position to verify no change in unit operation. Positioning the
DSS to "CM” cr "OFF" had no effect on unit operation.

- Second Stage Heating, Operation Below 68°F

Juaper wire on thermostat W2 contacts was removed to simulate ambient 5
texperatures below 68°F. A ten (10) minute stabilization period was observed o
with the mode selector switch in the "AUTO" position. It was verified that ;
the heat punp was operating in the heating mnde with one bank of supplementary
heaters energized. The code selector switch was moved to the "HZAT" positioa e
to verify no impact on unit operation. Positioning the DSS to "ON" or "OFF” ‘,f
had no impact on unit operation. it

Following the above testing the unit was again operated in the cooling,
dead zone, first stage heating and. second 3tage healing wcdes. In each case
the unit switch was moved frcom the "ON™ to the "OI'F" posit.ion to ensure that
mnodified heat pump did indeed de-energize. During each test mode the current
through the heat pump thermostat was measured to ensure that additional relays
did not excead allowable thermogtat current.

6.1.4 Test Results and Analyses. The heat pump did not function as intended
with the original specified system modifications incorporated. The unit

functioned properly while operatingy in all modes of operation, however, when
the 'mit selector switch was moved to the "OFF” position in thz cooling and ,
heating modes, several relays chattered on and off continuously. It vas it
discoversd that if the heat pump was turned off while the DSS was in "ON” E‘,;a

position, an improper short circuit was established. This problem was easily
corrected by wiring one leg of the DSS switch to the unit on/off switch as
opposed to terminal board position 8 as originally specified. This
modification involves soldering in additional wire to the Accustat
(thermocstat) printed circuit board at the unit selector switch and routing the
wire to a normally closed contact of relay DhH2.

When the ambient temperature is in the thermostat dead zone (720F-76°F)
and dehunidification is required, the heat pump compressor and both banks of
supplementary heaters are operating simultanecusly. This scenario represents
the maximum current draw conditicn. During the test, when the unit operated
with the compressor, supplementary heaters and blower motors functioning, the
heat pump ran aperoximately three (3) minutes before a 30 amp house power
circuit breaker tripped. The measured currents were L) - 37 amps, Ly - 29
amps, and L3 - 40 amps. These currents were measured with an uncalibrated
ameter. It is believed the additional currents will have no impact on the
heat pump elecisrical system. The added current is only carried through a
single terminal becard in the unit.
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APPENDIX B

TEST PLAN FOR HUMIDIFICATION, DEHUMIDIFICATION AND
HAUMIDITY CONTROL EQUIPMENT
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