
wur 
61i9 NAVAL AIR DEVELOPMENT CENTER WARMINSTER PA AIRCRAFT • “ f TC F/S 6/17

A PERSONAl. COCUNS SYSTEM FOR HELICOPTER PILOTS. (U)
NOV 77 S HREW S

UNCLASSIF lED NADC—772S9—60 NI. 

~ieJ
END

DATE

1 -78

I



-

REPORT NO. NADC-77289-60 f

:~
A PERSONAL COOLING SYSTEM FOR HELICOPTER PILOTS

Suzanne II. Reeps
Aircraft and Crew Systems Technology Directorate

NAVAL AIR DEVELOPIIENT CENTER
Warminster , Pennsylvania 18974

D D C
21 NOVEIIBER 1977 ~~~~~~~~

DEC 15 19T1

PHASE REPORT Ii U~~.~JL6U U Lb
AIRTASK NO. A340-0000/OO1D/7F51-523-000 ~~~~~ F.

Work Unit No. ZB1O4

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

>-
0.... Prepared for

NAVAL AIR SYSTEMS C0~?IAND
Department of the Navy

LU Washington , D.C. 20361
.



_ _ _ _ _ _ _ _ _  —

N O T  I CE S

REPORT NUMBERING SYSTEM The numbervig of tedinic~ protect reports issued by the Navel Air Development
Center is arranged for specific identification purposes. Each number consi~s of the Center aaonym. the celendar
year m which the number was assigned. the sequence number of the report within the specelic celendar year, and
the officia l 2digit correspondence code of the Command Office or the F*a~ctionel DOctorate responsó. for the
report. For example: Report No. NADC 780l5~20 mdicatis the fiheeth Center report for the year 1918. and prepared
by the Systems Oiectorate. The numerical codes are as follows:

CODE OFFICE OR DIRECTORATE

(~
) Commander . Naval *3 Development Center

01 Technical DOctor. Naval Air Development Center
02 Comptroller
10 Directorate Command Projcss
20 Systems Directorate
3) Sensors b Avionics Technology Directorate
40 C miaiicaion b Navigation Technology DOctorate
60 Software Com puter Deectorate
60 *3craft ~ Crew Systems Technology Directorate
70 Planning Assessment Resources

Engineering Support Group

PRUOUCT ENDORSEMENT The discussion or mstructions concerning commercial products herein do not constitute
an endorsement by the Government nor do they convey or arqiy the license or right to use such products.

APPROVED BY: ________________________________ DATE: ~i~~~ 4” It) o’J ~~~



IIHC1ASSIF1!~ll$eCu~ t T v ci~U1eri CaT.ow O~ THS~ ‘*01 (V%r’ 0 .  14...dI
RIADREPORT DOCUMENTATION PAGE 5f~~~~$ ~~~~~~~~~~y1I.$~~ ~~~~~~

I •1C,PiINrrc*ial oG
~__

UP0Oy~~~MIft  -ci.~ 
MDC- 7728~~~~ _) 

GOVT £CCI$SiON ee 

L I 1T I. - VGOCO4. TITLI (~~d
- 

A PERS(I1AL j OOLING ~ YSTEN FOR IjELICOPTER PIWTS, 1 Oct 76 - 3,~ Sep 77,)
S PENP~O~~~~NS O~~O ~~~~~UWT wU~ OCG

Suzann e M./Reeps 

CO.YRACY OR ~ RMT wu~~~J~~.j

S. P INP O RMINO O R GANI Z A TI O N NAN E AND ADDRE SS IS P~~~ GRAN (LI N E N ? . PNGa(C? , YAM
A S  ~~OA.c UNI ? NUNS(~~~

Aircraft ~ Crew Systems Technology Directorate
Naval Air Development Center Ai rlask ~ o. A340/0000/OO1D/
Wprmjnster , PA 18974 7FSI-S23-000, W .V. Z8104

I I  CONTROLUNO O~ FlC( NAME ANP ADDRESS ~~~I~~BT DAtI
Naval Air Sys tems Co~~and (AIR-340) 21 Nov ..~~ ... $77~

iv wu~si~~o.~~~~~Department of the Navy
Wa~~h n ~~tnn nç ?Q

~ .I t,. C.,,bsflM Offie.) IS SECUNITY CL aSt?iI4 NONI ~tO 

—. 

UNC LASS I F l  ED

~, 
II.. o~ç CLASs1cI CATuoN Oc... RAb.w*

sEOUL I.,
-‘

- ~“ - ___________________________

IS- D,ST~~ISUTlON STATEMENT

AP P ROVED FOR PUBLIC RE LEASE ; DISTRIBUT I ON Lt4 L I~4ITE D~ -- .--~~ -—
-‘

$7 OISTR,S uT ION STAT EMENT (of A. ab.tr.c I .nt.,.d IA 9I.cA 20, Sf ~~~~~~~~~~~ ~~_ 

~~~~ ~~ ~5

F1~~ —
IS. SUPPLEMENTARY NOTES

IS. KEY WORDS (C~~,IMu. on rov t.o .5* St n.c..s~~, id Sd nISS V S~. block ni b.c)

Personal Cooling System
Liquid Circulating Garment

ao. A~ S~ NACT (C.nISnu. on r.v~~.. old. St noco.. v ond Sd.nISfr 5,’ bI..k . s b)

~~~~ The NAVAIRDEVC EN (Naval Air Development Center) is developing a personal
cooling system for helicopter pilots to alleviate the heat stress encountered
during exposure to high ambient temperatures. The major components of this
system are a lightweight , constant-wear , liquid circulating garment (LCG)
outfitted with skin temperature sensors , a cooling generator , and an auto-
matic controller. The liquid circulation garment is designed for wear under
a standard flight coverall and is connected , upon aircraft entry , to the ___—

FORMDO I JAN ~~ 
1473 EDITION OF Nov SI IS OSSOLETE UNC LA S S I F I E D

S/N 0 02• LF-014- 6601 SECURITY CLASSIFICATION OF THIS PAGE (Dli.. , 0.5. 1AI., d)

...‘/ , 

~
3

~’35~3;L~ ~-
,/ 1•~



- -.-—

i ~~~~ L&.SS 1 Fl F fl
S(CU~~ TY CI.A$ PI CATI ON OF THIS PAGE (~~~~ DeSS ~~ 1._ ..

20. generator and autOmatic controller. During flight , the syste. auto-
mat ically maintains the pilot and copilot in therma l comfort thereby enabling
more effective perfo rmance of flight duties. The system is currently under a
development contract .
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A P L R S O N A L  C O O L I N G  S Y S T L M

F O R  H E L I C O P T E R  P I L O T S

I NTROD(JCT ION

Naval hel icopter pilot s and copi lot s are currently faced w i th  assigned
f light duties which involve the exerc ise of intellective and psyc homot or
skills rather than distinct physical work . This requires a high degree of
sk ill and coordination . One major 1,roblem whi t~ serious ly degrades their
performance and effectiveness is the excessive heat buildup resulting from
exposure to ambient temperatures of up to 46°C (115°F). Since no air con-
ditioning of the helicopter is possible due to lack of air tight integrity .
allev iat ion of the heat stress must be dealt with on a personal equipment
bas is1 .

The planned approach to this problem is to develop a personal cooláng
system . The cooling system will consist of an aircraft mounted persona l
cool ing generator and automatic controller and a constant wear l iquid circu-
lat ing garment (LCG) outfitted with skin temperature sensors . The total
system shall maintain each of two individual users in therma l comfort thereby
enab l ing the aircrewmen to more effectively perform their flight duties. The
personal cooling syscem is being developed for the Naval Air Systems Coimnand
(AIR-340B) under Airtask No. A340-0000/OO1D/7FSl-523-000, Work Unit No. ZB1O4 .

CONCEPT OF ThE SYSTEM

As conceived , the system will function as follows : Under norma l flight
conditions , the aircrewmen wi l l  wear a liquid circulating garment (LCG)
through which a 50/50 water/glycol solution will be circulated . The LCG
w il l be a closed loop system wh ich is connected , upon aircraft entry , to the
cooling generator and automatic controller. Operation of the system will be
airman initiated once the pilot and copilot are seated and ready for flight .
Once initiated , the system will work automatically to maintain the two users
in thermal comfort as evidenced by maintenance of their mean skin tempera-
tures between 30° and 34.5°C (86° - 94°F), stabilizing at an individually
selected set point of 32°, 33° or 34°C. No adjus tmen ts or j udgments w il l be
required of the aircrewmen during the flight mission . A general description
of each of the major components of the system follows . Figure 12 prov ides a
schemati c descr iption and f igure 2 i llustrates an ar tist ’s conception of the
system configuration.

L)Es(:IuJ’TIoN OF THE LIQUID CIRCULATING GARMENT (LCG)

The li quid circulating garment , which will initially be used for evalua-
tion of the system concept , is constructed of a nylon spandex fabric wit h an
1Win5ko, S.J. and Neu man, A.S.: Aircrew Protective Clothing and Devices Sys-
tem (Rotary Wing Aircraft). NALX~ Report No. NAF~C-742l5-4O of 1 Nov 1974.
‘~Rovac Variable Capacity Air Cycle Helicopter Pilot Cooling System; Proposal
submitted in response to Solicitation No. N62269-77-R—0275 , 19 Apr 1977 , by
the Rova c Corporation .
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in tegral cap illary-like system of small diameter flexible plastic tubing . The
tubing will permit continuous circulation of the cooled liquid between the
cooling generator and the garment. The full length garment which weighs ap-
proximately 3.5 pounds will provide cooling to all port ions of the body ~.i th
the exception of the head , neck , hands and feet . Future progra. efforts in
the development of an operational garment will be aimed at improving its com-
for t , mobility , reliabi lity, maintainability and fire resistance . Four skin
temperature sensors will be installed in the garment to provide the physio-
logical feedback required by the automatic controller. The garment will be
worn under a standard flight coverall.

DESCRIPTION OF ThE COOLING GENERATOR

The coo l ing generator which is curren t ly under deve l opmen t3 is a variable
capacity air cycle system which uses two heat exchangers in conjunction with a
compressor-expander circulator (figure 3)2 . Dur ing opera t ion , ambient air en-
ters the compressor side of the circulator where it is pressurized thereby
raising its temperature to approximately 121.5 °C (250°F) .  The hot , compressed
air then passes through the primary heat exchanger where it is cooled by fan
air to approximately 46.5°C (115°F) .  Sti l l  at hig h pressure , the cooled air
passes into the expander side of the circulator where it is depressurized .
This cools the air temperature greatly (to 0°C). This cold air then passes
into the secondary heat exchanger where it extracts heat f rom the warmed
li quid return ing from the LCG. The warmed air then returns to the compressor
side of the circulator thus completing the cycle.

Connected to the cooling generator will be a positive displacement pump
which will maintain a constant flow rate of cooled liquid through the LCG of
56.8 liters (15 gallons) per hour. The cooling generator will use no fluoro-
carbons or refreezable ice packs for refrigeration . It will be powered by
available power sources in the aircraft.

DESCRIPTION OF THE AUTOMATIC CONTROLLEP

The automatic controller currently under development 3, wi l l  be an anal og
type containing the electronic logic to average the temperatures from the
four skin temperature sensors. It will provide temperature control by send-
ing a current to a flow mixing valve which will proportionately mix warmed
returning l iquid from the LCG with cooled li quid from the generator . This
approa ch wi ll provide “fast response to load changes induced by system and
pilot environmental effects”2. A single controller will monitor both heli-
copter pilots simultaneously and independently. It will continuously moni-
tor changes in mean skin temperature and respond with stable and dynamic
control of the water coolant temperature .

PROG RESS TO DATE

The program for development of a personal cooling system was initiated
during FY-77. To date , a development contract has been awarded for development

3Contract No. N62269-77-C-0275, 25 Aug 1977, issued to the Rovac Corporation.
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of a prototype generator, controller and two sets of skin temperature sensors 3 .
Delivery of hardware is scheduled for April 1978. Upon delivery , this hard-
ware will be subjected to extensive testing to determine the abil ity of the
system to maintain thermal comfort for 6 hours in ambient temperatures up to
46°C (1 15°F).

Addi tionally, an I L S  Plan has been drafted and is awaiting approval. A
Test and Evaluat ion Master P1an CrEJ4P) is also being prepared in conjunction
with the Operational Test and Evaluation Force.

FUTURE P LAN S

During FY-78, efforts will be focused on development of a fire resistant
fabric for use in the LCG. Procurement of prototype garments using the de-
veloped fabric will also be initiated siuring FY-78. The garment design iil l
be based on technology being developed ui~’ei contract to NASA with a ;pr .pr1 ~st~
modifications as required for military use. Figure 4 provides detail s u~
follow-on dcvelopment work as currently scheduled through Fleet Approva l for
service use and release for production .

- 7 -
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