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SUMMARY

INTRODUCTION

To prevent internal corrosion and arc-over due to dielectric failure
of direct air-cooled equipment, entrained water and mist must be effec-
tively eliminated from cooling air with minimum back pressure to the
source of air supply. Ground cooling carts operating in hot, humid
environments such as Florida, the Mediterranean Sea, South China Seas,
Vietnam, etc., produce large quantities of raw or free entrained-water
in the cooling air by cooling the air below its dew point temperature.
When the feed air line from the ground cooling cart has no water separator
or an inefficient water separator connected to it, raw entrained water is
permitted to pass over electronic component parts for equipments designed
for direct blast cooling. This results in degradation of the electronic
equipment by corrosiohi arc-over, and dielectric failure.

SUMMARY OF RESULTS

Two versions of a tower water separator were designed, developed, and
evaluated for use with a source of high airflow rate such as provided by
ground cooling carts used'with naval aircraft.

Laboratory tests were performed on tower water separators with porous
foam sections in a parallel configuration and with porous foam sections
in a serles-parallel configuration. The foam sections were made of open
pore polyurethane foam material. Tests were run at airflow rates from
5 to 25 lb/min with a water entrainment of 0.047 lb water/lb dry air
(330 grains). There was no discernible entrained water present in the
air stream exiting from the separator for either of the two config-urations.

Drain air losses covored a range from , to 14 percent for the drain sizes
used in the parallel configuration. For the same drain sizes used in the
series-parallel configuration, the drain air losses covered a rdnge from
5 to IS.S percent. The corrected pressure drop across the entire separa-
tor in the wet condition varied from 0.17 in. of water at S lb/min air-
flow to 4.50 in. of water at 25 lb/min airflow into the water separator
for the parallel configuration; and, from 0.37 in. of water at 5 lb/mmn
airflow to 9.S in. of water at 25 lb/min airflow into the water separa-
tor for the series-parallel configuration. All data were extrapolated
to 70 lb/mm airflow into the water separator for both configurations.
As expected, drain losses and pressure characteristics of the series-
parallel configuration was higher than for the parallel configuration.

Tests were also performed on the parallel unit using an expansion
turbine system. With this system the water separator began to pass
small traces of fine water particles when a flow rate of approximately
30 lb/min was reached. The results of this test prompted the redesign
of this unit to a series-parallel foam configuration to increase water
separation efficiency at higher airflow rates. Return of turbine testing
facilities, on loan from a ground cooling cart contractor, precluded
further tests on this unit.

- iii -
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C0NdiLSIONS

From the overall test results, it is concluded that:
AM Th tower water separators designed, developed, and evaluated at

14AV WOMEN~X will reduce or eliminate entrained moisture problems when
WO th n ~Jiction with ground cooling carts operating in hot areas of
hJiih htMidity such as Florida, the Mediterranean Sea, Vietnam, South
Co iss, etc.

*.TM~ units will aid in increasing the ovorall reliability of air-
cdh 61otrhic Oquipment of the direct forced-cooled (blast coo led)

~tpby'reducins or eliminating equipment failures due to raw entrained
404 during ground operation.

3. Tho tower separator can effectively remove and eliminate raq
*attained water frox any source of high airflow rate.

A. Air losses from the separator can be held to a minimum by vary-
in~g the size of the drain holes for any given inlet, airflow, foam pore
iftom O*d inlet presure.

5. The tower water separators will operate more efficiently aii4
Oith lowedr back pressure than existing water separators used with ground
cooling carts in the rixnge of flow rates used in these tests.

REO MfEDArxONS

It is recommended that the tower water separators be utilized fdr
6floetiva olimination of raw entrained moisture from high flow (to 40 lb/mmn)
eooaing air sources such as refrigeration ground cooling carts used with
tbav~l *ircraft. This is especially true for hot areas oi high humidity
suci "s Sanford, Florida, Vietnam, South China Seas, Mditorranean Sea,
oti Whiere the cooling air is cooled below its dew point temperatunr.

-IV



T , ES 0F O -C 0 °T--ioC- $9 T ; :

Ito duction . . . . A A~

Suiwy Of Peoults .-. ... **, .ACA- 9-

Conclusions . . . . . . . . .. . . 9 - 9-+ A 0 4 -. . -
Recoamn0tions . . . a- ... .. - 0 + . . iv

LIST OF FIGURES .$ . * .. -

GMERAL DISCSSION.- i

Backg oun .. . .. .- ... - , . * . * * -
Tower W~ater Sprti~eOJ~i n4~ p~v ... I --

st Methods-- 99O0A0A9uit9-9 10

ACKNOWLEDGET S . . . . . . . ... ., .- 2
Ri r+R+ • t 9 4• .9 9 0 .9 • -, € . . . . . . . * ,

+ -E?4I _

.+p9 A A A +I- -- ' +
,pP +.b _-

N" -++ + + -

i"

iv~



~Ll T P t' I Pfta

1 . sVAIMVC Lortot'y Test Installation,
-~A"overall Vi.ew . . . . . . . . . . . . . . .

2 Water Separitor inm a Dry Condition (Pavall:1)~,

(ga) Front V iew ... . . . . . . . . . . . .Mrat Separator Operating in Wet Condition_ Paallel), Front View . .. .. .. .. . . .

Water Separator Oprating in Wet Condition
(Parallel), Side View ....... .....
NAVAIRDVCEH Field Test Installation, Overall

'6 IWAVAIRDHVCEN field Test Installation, Front
-- View Closoup ......... . . 7

7 M~fAJARDEVCE? 'r-d Tet1ntlatWRa
View of Separator ....... ..... ..

rz'-.s01 ol&am confiamtion -Dr

8 Corrected Pr ssure Drop, o4P, Vorsus Separator
Inlet Airflow Ratte, W . . .* . .. . . .. . . 12

Parallel Pea= Cofgaio e

9 oP Versus N (Load Valve at 6 In. Hg) . ... 13
10 oAP Versus W (Outlet Valve Wide Open) . . 14

SeisParalei Fo Confi ation L~r

11 Corrected Pressure Drop, uAP, Versus Separator
Inlet Airflo Rate, W o........... . s

-12 aAP Versus W (Load Valve Wide Open) . . . .. 16
13 aAP Versus W (Load Valve at 3 In. Hg) .... 17
14 oaP Versus W (Load Valve at 5 In. Hg) .... 18

Seriee 11. Fom Confi ration - Wet

aAP Versus V (Load Valve Wide Oren) ..... 19
16 uAP Versus W (Load Valve at 3 In. Ig) . .. 20
17 oaP Versus N (Load Va.v*e at "i In. Hg) . . . .



~NA0C-A -6810

BGENERAL DISCUSSION
~~~BACKGPON

The water separator study was initiated because of co.plaints from
fleet activities to provide efficient water separators for gromd cool-
ing carts exhibiting raw entrained water in the cooling air being pro-vided to aircraft 61ectronic systems.

The entrained water in the cooling air has an adverse effect on
equipments designed for direct or blast cooling where the zooling air
passes directly over component parts. The result is corrosion, dielectric
failures, and arc-over with consequent failure of the electronic equipment.
Water entrainment in the cooling airstream is produced when th, refrigera-
tion ground cooling cart is operated in a hot, humid environment. Atmos-
pheric air is taken into the ground cooling cart.- Here it is cooled below
its dew point temperature and increased in static pressure. This causes
condensation of free water which becomes entrained in the cooling air-
stream. When the free water is not effectively removed, it is carried
through the cooling air ducts to all units requiring air cooling. Con-
ventional commercial water separators, usually of cloth-coalescer and
centrifugal or rotational types, are presently used with ground cooling
carts. These types of water separators exhibit a maximum water separa-
tion effectiveness of about 75 percent, and they operate at high pres-
stme heads. Under high a-ibions hidity conditions (h s dew point) and
at high air-flow rates, there remins, in the airstream, a considerable
quantity of free entrained water even with 75 percent water removal.

p The purpose of this project was to provide a more effective means of
separating and removing entrained mist and water particles from a high-
flow airstream with minimum back pressure (pressure drop).

TOWER WATER SEPARATOR DEVELOPMENT AND DESCRIPTION

The NAVAIRDEVCEN tower water separator was developed for use with
sources of high airflow, such as refrigeration ground cooling cart units
used for cooling naval aircraft. It was designed to effectively remove
entrained mist and water particles with minimum back pressure from the
conditioned air supply.

Figures 1 through 7 show the internal airflo aths through the water
separator. The separator incorporates open-pore polyurethane foam

1 '2,

(see appendix A) manufactured by Scott Foam Division of Scott Paper
Company, in the sections acting as entrained water coalescers and strippers.
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