SR-71 ENVIRONMENTAL CONTROL SYSTEM
DEVELOPMENT
CONTRIBUTIONS AND CREDITS

« LOCKHEED

KELLY JOHNSON - PROJECT LEADER - ALLOWED US TO INCORPORATE NEW
AND UNIQUE IDEAS INTO VEHICLE

BEN RICH AND PRATT & WHITNEY AIRCRAFT - ENGINE INLET DESIGN AND
BLEED CONDITIONS FOR ECS DESIGN

DOUG CONE - ECS INSTALLATION AND TESTING ON PRECESSOR TO YF 12As
AND SR-71

RUPE TRINIDAD - INSTALLATION ENGINEERING FOR SR 71 (WILLY CRANS,
LEON KROOK, BERT SCATES, ALEX SIMAN)

GENE GALLICK. PETE LAW, JOHN GARDNER - SYSTEM PERFORMANCE
CALCULATIONS

« AIRESEARCH

PAUL ELKINS - ECS PROJECT ENGINEER

BOB MUELLER AND ERV AUSTIN - HEAT EXCHANGER DESIGN
JIM COOPER - CONTRACTS

RUDY RASMUSSEN - FIELD SERVICE ENGINEERING

BOB BOSTICK - CONTINUED ENGINEERING SUPPORT
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KEY TO ENVIRONMENTAL CONTROL SYSTEM SCHEMATIC

COCKPITS and RADAR NOSE Equipment and Mission Bays Fuselage and Wing / Nacelle Area
1. Nose Air Shutoff Valve 7. Windshield, Defog Valve 12. Fuel Temperature Equalizer

2.  Windshield Defog Manifold 8. Air Cycle Cooling Turbine 13. Engine Bleed Air Manifold

3. Canopy Seal Pressure Switch 9. Air-Fuel Heat Exchanger 14. Air-Air Heat Exchanger

4. Canopy Seal Selector Valve 10. Bay Air Shutoff Valve 15. Air-Fuel Heat Exchanger

5. Canopy Seal Ground Test (LP) 11. Hot Air Flow Control Valve 16. Pressure Regulator / S.O. Valve
6. Canopy Seal Pressure Regulator = 20. Canopy Seal Ground Test (HP) 17. Thermostat (Pneumatic)

24. Windshield Deicer 21. Ground Air Shutoff Valve 18. Hot Air Bypass Solenoid

28. Suit Air Outlet and Valve 22. Water Separator 19. Hot Air Bypass Valve

29. Oxygen Bottle Group 23. Ground Cooling Connection 45. Inlet Control Transducer

30. Vlewsight 25. Suit Air Electric Heater 47. To Gearbox Qil Coolers

31. Safety Relief Valve 26. Temperature Controller 48. To Hydraulic Oil Coolers

32. Cockpit Pressure Regulator 27. Ground Pressure Fitting 49. From Circulation Pumps

36. Cockpit Air Shutoff Valve 33. Cockpit Hot Air Valve

39. Radar Ground Air Cooling 34. Cockpit Temperature Controller

42. Windshield Deicer Junction 35. Temperature Control Valve

43. Rain Remover Reservoir 37. ANS Airflow Uniting Valve

50. Instrument Ground Cooling 41. Deicer Control Valve

44. ANS Water Separator
46. ANS Ground Air Shutoff Valve






HEAT SINK
PACKAGE
COMPONENTS

VIEW FROM BOTTOM

FUEL BELLOWS =
I

MAIN FUEL

FEEDER LINE

AIC HEAT

EXCHANGER

LINE

FUEL TEMPERATURE

CONTROL VALVE I

HEADER
DRAIN PORTS 21—

FUEL TARK

RETURN LINE—

PRIMARY
AIR-TO-FUEL
HEAT EXCHANGER —

FUEL
FEUH-'{CHONS

PRESSURE REGULATOR AND
SHUTOFF VALVE —

CONOSEAL ;om'r_!

AIR=TO=AIR
HEAT EXCHANGER ——

|

ik,

TOOLING FUEL SUPPLY LINE
COMOSEAL JOINT —

HYDRAULIC HEAT EXCHANGER

2\_,<f—’
D |
PPt— CONOSEAL

JOINT
==

. —
— PMEUMATIC
=
b- SENSE LiNE
L I—-J

—— PNEUMATIC
SENSE LINE
1
— CONOSEAL

JOINT

ENGINE FUEL
RETURN LINES

r ]

o 7 R 7k »

i B
i Iy
HOT AIR

BYPASS LINE L w0t AlR BYPASS
= FUEL FLOW SOLENOID VALVE
TRANSDUCER Lot A
IMRS 476) SEMS‘;
- GEARBOX MEAT EXCHANGER VALVE






AIR-TO-FUEL HEAT EXCHANGER
CONFIGURATION

SECONDARY HEAT EXCHANGERS } et
PRIMARY HEAT s
=B EXCHANGERS ety i >
D7 — .
— e -
e N
= .\ A
Nt i "4‘
FUEL =
' o G
A P
AMBIENT AIR AR R S
BOSS (2} 2/

PRESSURIZED AIR

\ - / BAFFIE DUAL HEADER PLATES
; : -—-SHiLL/ .

TURBULATOR ———_

HEADER PLATES —_

=
A
|

r . "E D AIR OUT

H DRAIN HOLE | SECONDARY /
AMBIENT AIR VENT — HEAT EXCHANGERS ONLY)—/

4

TUBE
I - i ‘ FUEL OUT FUEL IN






AIH CUNUITIUNING BAY OULHENIAIIL

WINDSHIELD
/”/_ DEFOG VALVE
M0 —--—
WINDSHIELD . -+
-
HOT AIR
MAN [FOLD

IGHT COOLING

COCKPIT TEMP OMPRESSORI/TURBINE

VALVE
-— .;. /3
10 COCKPIT —e—
i) MANIFOLD TEMP
SENSORS NAEKE
COCKPIT TEMP b e et Gl re ety
AMPLIEIER i
TO VIEW ANTI-ICE
SIGHT MANIFOLD =
- £
TO PRESSURE - B Sl
SUITS i .
SUIT AIR 5
HEATER i g
MANIF
Lokl EFT COOLING
AWPUIFIER « IRCOMPRESSORITURB I NE-

l\cmumn

PRESSURE
FITTING

M CONDITIONED AIR RIGHT
0T AIR il
R=BAY BAY
N COLD AIR
B PRESSURE ‘J
FUEL
-
SECONDARY -
AIRTFUEL 4 ?\—mu FLOW
HEAT EXCH SENSOR
_b. -
(S DRAIN
RIGHT BAY AIR
n”:,l:m,g RIGHT WATER SHUTOFF VALVE
MUFF SEPARATOR
=

&ﬂ}hswncu

P
GND ANS FLOW 3
AR LIMITING VALVE
CONN
—|
e e LEFT WATER ANS WATER SEPARATOR
MANIFOLD SEPARATOR ;
e
THERMO- ﬂRﬁ.I.‘c—f
SWITCH D:I
I o —
= SECONDARY
~ AIRIFUEL
= FUEL TEMP HEAT EXCH
SENSOR ff i
FUEL FLOW SENSOR

DRAI -'-.'J

CANOPY SEALS

.. RIGHT AIR FLOW

l ‘I CONTROL VALVE

ANS GROUND AIR
SHUTOFF VALVE

ANS GUIDANCE GROUP

LEFT BAY AIR

SHUTOFF VALVE

“—FU{L LINES l ~

LEFT EQUIP.

E-BAY °
BAY

LEFT AIR FLOW
CONTROL VALVE

DEICER

SYSTEM
FROM
RIGHT
ENGINE

CANOPY
/ SEAL
DUCT

CANOPY SEAL
GROUND TEST
(HIGH PRESSURE)

FROM LEFT
ENGINE
—

DEICER
SYSTEM



COCKPMT AL EMERGENCY

SHUTORF VALVE IFL

CABLE OVERRIDE CONTROL)

MIGH LIMIT SWITCH 1 155" & 5%F) -
ANTICIPATOR SENSOR

UCT WIGH LIMIT |l'\!£|!l1:.|!i".
SENSOR (126" # 1T°F) 3 %

ECS TEMPERATURE CONTROL METHODS -

10 RIGHT
BAY SYSTEM

~=
5
| MICROSWITCH

COCKMT AR
&/ shuTor VAL

10 RIGHT 5108
COCEPIT DUTLITS

COCKR 11
TEMPLRATURE
ei

l TO W INDSHIELD

COCxPIT
| TEMPERATURE
SEECTOR
TAUTOTEMP)

HIGH
Limi
[eile 3 gl ] RELAY
TEMPERATURE

AMPLIFIER

iy | SURT
o] e [ AR
[ HEATER

SWITDH

SUIT HEAT
T
y O

ofF

AR SHUTORF
CONTROL

IR

{10 LEFT
BAY
SYSTIM

i+ AY ALK
sl ‘ o
SHUTDFF YL

TO MOSE ALK
=4 SHUTOFF WALY

L]

O K. BAY AR
LT VALVE

MANIFOLD TIMP SWITEH

! i}
55 i
ER oo wpll ]
BUS 1o -
I SECOMDARY
35 16 fiuLl -
B0~ . ALRTOH

:EET oy FUEL HEAT

; EXCHANGER

CODLIND TURBINE

A ]
TIMPERATURE «
AMPLIFIER

MAN [FOLD

TEMe

SINSOR

CHITK
VAIVE

MANE TEMP |
RTLAY

ONNECTION

0
CANDPY
SEALS

PRIMARY
AJR=10=
FUEL HEAT
EXCHANCE R

S TEH

HOT AL

SAAN PO oV 55

DCBUS

CHECE,

. CHECK
ﬁ. VALVE

VALV
TT¥PICALY

SICONDARY
AIR=TO:
TUEL AT
D¢

SOUNOID V)

TO DE- ICER
SYSIM

manlisld patich

enparabire made selecior
lerperature
£52, 4% AR miivon hay tempersture

ase L i vsdon Gy wir shu'elf valvekaciplt
walety vilve

A%6 B Mission by alr vhubedf vabee
&7 oy alr ol b

\
48 L secondary bt aschanger [nlel fual bemp

444|488 Secondary hast mchanger fusd fow
At Cold alr manltld Wmparaturs

44T [+bay #ir prevaure

&8 @-bay alr predwure

70 Cocipil uupely alr tergarsturs

an Cockplt alr pressure

412, 4% Cosling compresiar Inlet alr presuire
AT, 475 Cosling comprriver Intel alr lemparature
ATh, 4T Primary heat sschacger fusl flow

HOT AIR BYPASS

(T
-] BYPASS aR |
VALY HEAT |
EXCHANLER
-
-
4 e ¢
RiGHT '
ENGINE
" BLELD AIR
" SOLRCE
REFRIG
SWITCHES (431
—a e
ACOCKPT) L

ALVE =

‘

CONITIONID AlR

LEFT PRISSURL

COLE AR RIGULATOR AND [T
SHLITOFF VALVE ENGINE -
MRS MAON DR POINTS BLEED AlR
SOURCE
MO Ba T |

(




{_‘“_/-E_‘

foa e
-_JL ,,1|_ . I

et

COCKPIT COOLING AIR DISTRIBUTION SYSTEM

oy,

"

NOSE EQUIPMENT

|
:

. SUPPLY

WINDSHIELD DEFOG" l’

T ﬁ?m@' SN
& l&**

AFT COCKPIT

—

e

J1

2

WINDSHIELD DE-ICE
[<*— SUPPLY

—

\L_"T'_ FROM
3 +— WARM AIR
[ 7 MANIFOLD
D'—““——i-—
2 FROM
= <— COLD AR
MANIFOLD
— FROM
ﬁ———tﬂfb——w— COLD AIR
'ﬂ_ . MANIFOLD
C-BAY ——SUIT
HEATER
\ L
l AIC-BAY
e gl



.

COCKPIT PRESSURE SCHEDULE
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COCKPIT PRESSURE CONTROL SYSTEM
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©  COLD AIR DISTRIBUTION SYSTEM
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BAY ENVIRONMENTAL CONDITIONING METHODS
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ENVIRONMENTAL CONTROL SYSTEM
SUMMARY

+  ENVIRONMENTAL CONTROL SYSTEM COOLING CAPACITY, TO COOL BLEED AIR ONLY:

— CAPACITY REQUIRED TO COOL ENGINE BLEED AIR FROM 1250°F TO -30°F, WITH COOLING
AIRFLOW OF 40 POUNDS/MINUTE/SIDE, OR 80 PPM TOTAL

— COOLING IN AIR-TO-AIR HEAT EXCHANGER:

(1250°F - 850°F) 7,700 BTU/MIN 38 + TONS 135+ KW

— COOLING IN AIR-TO-FUEL PRIMARY HX:

(850°F-160°F) 13,250 BTU/MIN 66 + TONS 233 KW

— COOLING IN ECS PACKAGE:

(160°F - -30°F) 3,650 BTU/MIN 18 + TONS 64 + KW
TOTALS 24,600 BTU/MIN 123 TONS 433 KW

«  ENOUGH TO COOL 40 HOUSES @ 1500 SQUARE FEET EACH

+ COOLING ACCOMPLISHED WITH THE 80 PPM OF -30°F AIR:

— AIRHEATED BY EQUIPMENT AND BAY WALLS
FROM-30°F to 140°F: 3260 BTU/MIN 16 TONS 57 KW

— ENOUGH TO COOL 5 HOUSES ® 1500 SQUARE FEET EACH
+  APPROXIMATE WEIGHT OF HARDWARE REQUIRED TO ACCOMPLISH THE COOLING:
— WEIGHT IS ABOUT 400 POUNDS

— WEIGHT IS EQUIVALENT TO THAT OF ABOUT 2 COMMERCIAL HOME REFRIGERATION UNITS FOR
A 1500 SQUARE FOOT HOUSE



LESSONS LEARNED

OFF-THE-SHELF, PROVEN EQUIPMENT, WORKED WELL
AND WAS ALWAYS VERY RELIABLE

FUEL WAS SAFELY USED AS A HEAT SINK IN DIRECT
CONTACT WITH AIR SUPPLIED TO CREW
COMPARTMENTS AND VEHICLE EQUIPMENT

MAINTENANCE RECORDING SYSTEM, TRACKING
SEVERAL IMPORTANT PARAMETERS, WAS A USEFUL
DIAGNOSTIC TOOL





