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[571 ABSTRACT 
The invention is for a system which provides total cool- 
ing for an aircraft airframe which is designed to fly in 
the speed range of Mach 2 to Mach 8. The system elimi- 
nates the necessity of shielding an aircraft airframe 
constructed of material such as aluminum. Cooling is 
accomplished by passing a coolant through the aircraft 
airframe, the coolant acting as a carrier to remove heat 
from the airframe. The coolant is circulated through a 
heat pump and a heat exchanger which together extract 
essentially all of the added heat from the coolant. The 
heat is transferred to the aircraft fuel system via the heat 
exchanger and the heat pump. The heat extracted from 
the coolant is utilized to power the heat pump. The heat 
pumu has associated therewith power turbine mecha- - -  
nism which is also driven by the extracted heat. The 
power turbines are utilized to drive various aircraft 
subsystems, the compressor of the heat pump, and pro- 
vide engine cooling. This system is accomplished with a 2,943,828 7/1960 Van Driest ...................... 244/117 A 

2,945,653 7/1960 Atkin .................................... 244/119 increase in aircraft weight and a Of a 
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Another object of the invention is to remove essen- 
tially all of the heat from the coolant with heat exchang- 
ing mechanism and a heat pump. 

Yet, another object of the invention is to provide a 
cooling system having a heat pump which has associ- 
ated therewith one or more power turbines, the power 
turbines being driven by heat energy extracted from the 
Gooling system. 

Another object of the invention is to provide a cool- 
ing system wherein the power turbines forming a part 
thereof are utilized to drive aircraft subsystems such as 
pumps, electrical systems, hydraulic systems, and me- 
chanical systems such as gear trains. 

A prime object of the invention is to provide suffi- 
cient cooling to allow removal of the heat shields with 
no penalty in aircraft performance. 

A further object of the invention is to provide a cool- 
ing system having power turbines wherein the power 
turbine is utilized to drive the heat pump compressor. 

Another object of the invention is to provide a cool- 
ing system wherein the power turbines thereof are uti- 
lized to drive a booster fuel pump to raise the tempera- 
ture and pressure of the fuel to a point such that efficient 
aircraft engine operation is obtainable. 

A further object of the invention is to provide a cool- 
ing system wherein the aircraft fuel system is utilized as 
a heat sink, for cooling the aircraft engines. 

Still another object of the invention is to provide an 
aircraft cooling system having a heat pump with alter- 

P 
COOLING SYSTEM FOR HIGH SPEED AIRCRAFT 

ORIGIN O F  THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA Contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-586 
(72 Stat. 435; 42 USC 2457). 

BACKGROUND O F  THE INVENTION 
This invention relates to a system for cooling the 

airframe of a aircraft designed to fly in a cruise range of 
Mach 2 to Mach 8. The particular system to be de- 
scribed has been designed for a Mach 6 aircraft which 
has a bare aluminum airframe. The definition of the 
word “bare” is that the aircraft has no shielding by, for 
example, high temperature resistant metals. 

It is contemplated that hypersonic vehicles, or vehi- 
cles designed to fly in the Mach 6 speed range, often 
termed hypersonic aircraft, will utilize hydrogen as an 
engine fuel. Since liquid hydrogen is extremely cold, 
various techniques have been proposed for utilizing the 
hydrogen fuel as a heat sink to cool the airframe of such 
an aircraft. Various techniques have been suggested for 
circulating either the hydrogen fuel or a coolant 
through various passages formed in the aircraft airframe 
and adjacent the skin thereof and extracting the heat 
which is being generated by the aircraft as it travels at 
such a high rate of speed. Systems to date have passed 
the coolant or fuel which has absorbed the heat through 
some type of heat exchanger which removes at least a 
portion of the heat from the fuel or coolant. 

Prior art devices; however, have not been shown to 
have a design capability such that the entire heat gener- 
ated by the aerodynamic heating of the aircraft airframe 
can be totally or adequately disposed of. As a result, the 
aircraft cooling procedure must include not only an 
active cooling system as discussed above, but also some 
type of shielding. Shielding involves the use of high 
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30 nating condenser stages and power extracting turbines 
utilized to reduce system weight and increase system 
e fiiciency. 

BRIEF SUMMARY O F  THE INVENTION 
The foregoing and other objects of the invention are 

achieved by providing a cooling system wherein a cool- 
ant loop having a series of passages associated with the 
airframe is directed through the evaporator of a heat 
pump and a heat exchanger. A coolant is pumped 

40 through the coolant loop and acts as a carrier for the 
heat generated by the aerodynamic heating of the air- 

35 

resistant structures are very expensive compared to 
aluminum which has been a standard structure for air- 
craft for many years. Further, the use of high tempera- 
ture resistant shielding materials increases the mass of 
the aircraft while adding no strength thereby affecting 
the overall efficiency of the aircraft in every respect. 

From the above discussion, it is apparent that it 
would be extremely desirable to cool a hypersonic air- 
craft to temperatures which an airframe constructed of 
aluminum could withstand. Aluminum is a structural 
material which is readily available in large quantities, as 
opposed to a high temperature material such as tita- 
nium. Aircraft constructed of aluminum have proven 
high structural efficiency, and known long life fabrica- 
tion characteristics. 

Accordingly, it is an object of this invention to pro- 
vide a cooling system for a hypersonic aircraft which is 
constructed from bare aluminum (Le., no shielding 
being utilized). 

It is a further object of this invention to provide a 
cooling system wherein a coolant is passed through a 
closed loop having passages associated with the air- 

to the condenser of the heat pump. The heat pump 
condenser has a number of stages, and a power turbine 
associated with the stages. The fuel picks up heat in the 
heat pump condenser, is expanded in a power turbine 

SO and redirected through the condenser to pick up heat 
and again be expanded in the next power turbine. The 
heat energy is thus being utilized by the power turbines 
the outputs of which are utilized to power the aircraft 
subsystems, the heat pump itself, and an aircraft engine 

55 cooling system, the remainder of the heat carried by the 
coolant loop is removed by the evaporator of the heat 
pump. This heat is pumped to the heat pump condenser 
and transferred by the condenser to the fuel system 
where it is utilized by the power turbines as discussed 

60 above. The heat exchanger and heat pump are so con- 
structed and arranged that the cooling system will 
maintain the bare aluminum aircraft at a temperature 
such as to totally cool the aircraft without the necessity 
of shielding. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. P is a schematic fluid flow diagram showing the 
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frame for extracting heat fiom the airframe. cooling system for a hypersonic aircraft; 
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FIG. 2 is an energy flow schematic of the aircraft the heat exchanger 16 at a temperature of 285" K. (513" 

cooling system showing the power generated by the R.) and a pressure of 18.10 MPa (2625 psia). 
aerodynamic heating, how it is extracted and utilized by The fuel leaves the heat exchanger 16 through appro- 
the cooling system; and priate conduit and moves into a subsystem cooling unit 

FIG. 3 is a schematic view of a power turbine utilized 5 18 which is also a heat exchanger. The aircraft subsys- 
with the condenser of the heat pump. tem is designated generally by the reference numeral 21 

and includes such items as the fuel pump 14, the electri- 
cal system (not shown), the hydraulic systems (not 
shown). And gear boxes 22 and 36, to be described in 

DETAILED DESCRIPTION O F  THE 
PREFERRED EMBODIMENT 

For purposes of illustration the invention cooling 10 greater detail hereinafter. The subsystem cooling is a 
system has application to an aircraft which has the fol- separate cooling loop or loops illustrated diagrammati- 
lowing characteristics. The aircraft is designed to cruise cally by the dotted line in FIG. 1 which travels through 
at a Mach number of 6. It has a modified elliptical fuse- the pump 20, the subsystems 21, the gear box 36, the 
lage which is approximately 100.1 meters (328.5 feet) in gear box 22 and back to the heat exchanging unit 18. 
length, 21.8 meters (71.50 feet) high, and has a wing 15 The pump 20 is utilized to circulate the coolant through 
span of 36.1 meters (118.35 feet). It has internal fuel the various aircraft subsystems. The coolant medium 
tankage, a gross weight of 296.1 Mg (652,800 lbm), and again may be an ethylene glycol water mixture or other 
a range of approximately 9200 km (4,968 nautical miles). coolant conventional in the prior art. 
It is hydrogen fueled, being capable of carrying 108.9 An auxiliary power system 24 is shown connected to 
Mg (240,000 Ibm). The aircraft has an active cooling 20 the gear box 22 and is utilized to drive the aircraft sub- 
structure or system and is designed to fly at approxi- systems 21 on the ground and prior to reaching a point 
mately 31.4 km (103,500 feet), with an L / D  equal to where sufficient heat is available from the system to 
4.66. Such an aircraft might be termed a baseline air- power the aircraft subsystems as will be explained more 
craft and if of the prior art nature would have external fully hereinafter. The auxiliary power system 24 would 
shielding which would weigh approximately 5.85 Mg 25 be driven from an independent power source of conven- 
(12,900 lbm). tional design. 

The preferred embodiment of the invention is used to The fuel leaves the subsystem cooling, heat ex- 
actively cool such a baseline aircraft and is designed to changer 18, and is conveyed by appropriate conduit to 
eliminate the necessity for the external heat shielding. the heat pump designated generally by the reference 
The cooling system is also designed to maintain the 30 numeral 26. The heat pump 26 is basically of conven- 
aluminum airframe structure at an average temperature tional design, having a condenser 28, an evaporator 30, 
of 367" K. (200" F.) the normally accepted service tem- a compressor 32, and a throttle valve 34. The heat pump 
perature of an aluminum structure. It is contemplated to 26 uses a circulating coolant such as Freon R-1 1 and for 
maintain this average temperature in a cruise Mach purposes of this design has a coefficient of performance 

Referring now more specifically to the details of the The evaporator is capable of extracting heat at the 
invention, FIG. 1 shows a schematic diagram of the rate of 40.5 MW (3.84x104 btu/sec). The discharge 
cooling system designated generally by the reference from the evaporator is compressed by the compressor 
numeral 10. The cooling system 10 includes a fuel tank 32 and discharged to the condenser 28. The heat is 
12 which for purposes of illustration is a hydrogen fuel 40 removed by the condensor 28 and the throttle valve 34 
tank. The entire cooling system is described as utilizing controls the pumping sequence in a conventional man- 
hydrogen as a fuel; however, it is to be understood that ner. The condenser is capable of transferring 50.6 MW 
the concept is not limited to the use of hydrogen as a (4.8 x 104 btu/sec) to the hydrogen fuel heat sink. 
fuel. The hydrogen fuel tank 12 is of conventional de- The heat pump 26 differs from the conventional heat 
sign having the necessary insulation to maintain the 45 pump in the condenser structure 28, in that the con- 
hydrogen in liquid form. The hydrogen is stored at a denser includes several stages which are associated with 
temperature of 21" K. (Kelvin) or 37" R. (Rankin), and power turbines in a manner now to be described. As 
at a pressure of 0.14 Mega Pascal (MPa) or 20 pounds shown in FIG. 1, the hydrogen fuel enters the con- 
force per square inch area (psia). denser 28 at a temperature of 285" K. (515" R.) and a 

Although not described in detail in the cooling sys- 50 pressure of 17.79 MPa (2580 psia). After passing 
tem, it is to be understood that in describing the inven- through the first stage of the condenser 28, the tempera- 
tion there is conduit of conventional cryogenic fuel ture has been raised to 347" K. (625" R.). The tempera- 
design to convey the fuel and the coolant between the ture differential or delta T after the first pass through 
various components of the system. the condensor of the fuel is 110" R. 

The fuel is now presented to a hydrogen power tur- 
fuel tank at a mass flow rate of 13.6 kilograms per sec- bine 38 the details of which is illustrated in FIG. 3. The 
ond (kghec) or 30 pounds mass per second (30 details of the power turbine will be explained in greater 
lbmhec). Fuel is drawn from the fuel tank 12 by a fuel detail hereinafter. The fuel is expanded in the power 
pump 14, and pumped to a heat exchanger 16. For pur- turbine 38 thereby lowering the pressure and tempera- 
poses of illustration the heat exchanger 16 is of the 60 ture. The fuel is discharged from the power turbine 38 
hydrogen glycol type. The hydrogen operates as a heat and passes through the second stage, the delta in the 
sink and receives heat from the glycol which is a 60/40 second stage being a + 103" R. The fuel is discharged 
mass solution of ethylene glycol and water. The heat from the second stage of the condenser into a power 
exchanger is capable of removing 50.2 mega watts turbine 42 where expansion again takes place to drive 
(MW) or 4.76X104 British thermal units per second 65 the power turbine 42. The fuel discharges from the 
(btdsec). This amount of heat is transferred to the power turbine 42 and passes through the third stage of 
hydrogen fuel from the aircraft coolant loop to be ex- the condenser where it picks up heat, the delta T being 
plained in greater detail subsequently. The fuel leaves 81" R. The fuel is discharged into another power tur- 

range between Mach 2 and Mach 8. 35 of 4. 

The liquid hydrogen is discharged from the hydrogen 55 



4,273,304 

bine 40. The fuel is again expanded and exits the power 
turbine 80 into the fourth stage of the condenser 28 
where it again picks up heat there being a delta T of 82" 

ture and pressure have been converted to horsepower 
and this number assigned to the various components in 
the diagram shown in FIG. 2. - 

R. The fuel discharged from the fourth stage of the 
condenser 28 is fed into another power turbine 44 and 5 OPERATION O F  THE INVENTION 
discharged into the fifth stage o f  the condenser 28 FIG. 2 illustrates that the aerodynamic heat load 60 
wherein a temperature increase of delta T is 81" R. The generates 121,656 HP at a given point in time. This heat 
fuel exits the fifth and final stage of the condenser at a load is dumped into the evaporator 30 of the heat pump 
temperature of 347" K. (625" R.1, and at a Pressure of 26. By adding the horsepowers 16,306, 15,269, 12,007, 
2.76 MPa (401 Psiah It Can thus be Seen that the fuel 10 12,156, 12,007, the respective inputs into condenser 
leaves the condenser at a higher temperature than it stages one through five respectively, it can be seen that 
entered the condenser; however, it is now at a much a total HP of 67,745 is rejected by the condenser. It is 
lower pressure. also seen that the evaporator absorbs 54,322 and dumps 

67,334 HP into the heat exchanger 16. Adding these 
Pressor serving as a l5 figures (54,322 and 67,334), a total of 121,656 HP is 
leaves the compressor 48 at a temperature of 462" K. obtained which illustrates that the cooling system to- 
(831" R.), and a pressure of 6.55 MPa (950 psia). tally utilizes the HP which is being generated by the 

The fuel is then further utilized to cool the engine. aerodynamic heat load. 

within the engines which are illustrated diagrammati- 20 compressor and booster fuel pump a where it is shown 

quires the btu'sec). figure is obtained by adding the output from the fifth After the fuel is discharged from the engine cooling stage of the heat pump condensers and from the HP 

The leaves the condenser 28 and enters a 
booster pump 48. The 

The engine 

callY by the reference 

system is a series Of passages 

50* Engine '''ling re- 

The system can be followed to the output of the 

that 121,102 HP is available to the aircraft engines. This 
Of 84*7 MWy @*03 

system 
diagrammatically by the 

it is fed to the engines which are 'lustrated delivered to the booster fuel pump by the first and set- 
enters the 25 ond turbines, 15,269 HP respectively. The H p  utilized 52' The 

to run the electrical (237 HP) and hydraulic (500 HP) is engines at a temperature of 887" K. (1,596" R.) and a 
pressure of 4.83 MPa (700 psia). This temperature and added to the output from the booster fuel pump 120,102 pressure is ideal for optimum burning efficiency in a HP, since they are not otherwise accounted for in the ramjet or scramjet type engine which would be utilized 

3o power utilization diagram. As shown by the equation to power. the aircraft hereinunder consideration. 
Returning to the power turbine 38, it is noted that it input minus output divided by input and entering the 

turn connected by shaft 41 to the compressor and fuel 121,656 HP equals 0.7 percent, and it is illustrated that 
booster pump 48. Thus, it can be Seen that the power within the accuracy of the calculations, the cooling 
turbines 3 and 40 are connected in tandem and to- 35 system removes the entire aerodynamics heat load gen- 
gether power the compressor 48. erated by the aircraft. 

The power turbine 42 is connected by shaft 43 to the It has been Shown that when the aerodynamic effi- 
gear box 22. G~~ box 22 has a drive train output 45 ciency of an aircraft improves, the potential of the ac- 
which powers the various components in aircraft sub- tive cooling of the structure decreases. This is due to the 
system 21. Power turbine 44 h a  a shaft 47 drives 40 fact that as L/D increases the fuel reqU~~ement de- 
the gear box 36. A shaft 49 is connected between gear creases and thus the heat sink available for cooling 
box 36 and heat pump compressor 32 to drive the heat decreases at a faster rate than the aerodynamic heat 
pump compressor. load. The invention cooling system can compensate for 

A hydrogen power turbine such as the turbines 38, this Phenomenon by Proper Const~ction of the heat 
40,42, and 44 is illustrated diagrammatically in FIG. 3. 45 Pump to enlarge its capacity Such as adding a fifth 
The turbine 38 is of an axid type having a shaft 53 and power extraction turbine, with appropriate additional 
three stages 54,56,58. From the design standpoint, the CodenSer Stages, and making adjustments Such as an 
diameter of the blades are approximately 48.5 centime- increase in the fuel Pump Power output, and the fuel 
ters (19.1 inches) in diameter, to be driven at 24,000 temperature. Such adjustments are believed to be well 
rpms, giving a power output of 22.4 MW (30,00(-~ HP). 50 within the scope of one skilled in the art, particularly in 

The airframe cooling or aerodynamic heat load is light of the invention teachings set forth above. 
illustrated by the block 60. The airframe cooling would Although the invention has been described relative to 
represent a series of passages which would convey a particular embodiment thereof, there are obviously 
coolant by the skin of the aircraft and various elements numerous variations and modifications readily apparent 
of the aircraft superstructure. These passages would be 55 to those skilled in the art in light of the above teachings. 
connected to conduit which would form the coolant It is, therefore, to be understood that the invention may 
loop that includes the heat load 60, the coolant pump be practiced other than as specifically described. 
70, the heat exchanger 16 and the evaporator 30. This What is claimed as new and desired to be secured by 
loop is designated by the reference numeral 17 and the Letters Patent of the United States is: 
direction of flow can be seen through the various ele- 60 1. A cooling system for a high speed aircraft compris- 
ments by the arrows shown in FIG. 1. The aerodynamic ing: 
heating load produced by the aircraft structure repre- an aircraft; 
sented by the block 60 is 90.7 MW (8.6x 104 btu/sec). fuel means carried by said aircraft; 
This heat load must be absorbed by the cooling system said aircraft having airframe cooling means; 
to actively cool the baseline type aircraft having a bare 65 heat pump means comprising evaporator and con- 
aluminum structure flying in the design Mach range denser means for receiving coolant medium from 
number. To illustrate that this has been accomplished within said airframe cooling means and extracting 
by the invention system, the various units of tempera- heat therefrom in said evaporator means; 

is connected by shaft 39 to power turbine 40, which is in numbers 121,656 HP minus 120,839 HP divided by 
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heat exchanger means for receiving fuel from said 
fuel means and receiving said coolant medium from 
said evaporator means and transferring heat from 
said coolant medium to said fuel said condenser 
means receiving fuel from said heat exchanger 
means for further heating of said fuel in said heat 
pump means; and, 

said heat exchanger means and said heat pump means 
arranged to maintain said airframe at low tempera- 
tures by transferring heat from said coolant me- 
dium to said fuel whie said aircraft is flying at high 
speeds. 

2. A cooling system as in claim 1 wherein 
said condenser means includes power turbine means 

for extracting heat from said fuel, and increasing 
the efficiency and capacity of said sytem. 

3. A cooling system as in claim 2 wherein said aircraft 
has subsystems including pump, electrical, hydraulic, 
and mechanical means; 

said power turbine means being connected to and for 

4. A cooling system as in claim 2 wherein said aircraft 

said power turbine means driving fuel booster means 
for providing said fuel to the engine at pressures 
and temperatures necessary for efficient operation. 

5. A cooling system as in claim 4 wherein said power 
turbine means includes a first and second power turbine 
connected to drive said fuel booster means. 
6. A cooling system as in claim 3 wherein said aircraft 

has engines; 
said subsystems includes a fuel booster means for 

providing said fuel to said engines at pressures and 
temperatures necessary for efficient operation; and 

said subsystems includes a compressor means for 
driving said heat pump. 

7. A cooling system as in claim 6 wherein 
said power turbine means includes a first and second 

power turbine for driving said fuel booster means; 
and 

said power turbine means includes additional power 
turbines for driving said subsystems. 

8. A cooling system as in claim 1 wherein said con- 

said condenser means including power turbine means 
for increasing the efficiency and capacity thereof; 

said power turbines means including at least one 
power turbine connected between certain of the 
stages downstream thereof; said fuel passing 
through said plurality of condenser stages and ex- 
tracting heat therefrom which is thereafter utilized 
as energy to drive said power turbine means. 

9. A cooling system as in claim 2 wherein said aircraft 

said fuel is cryogenic. 
10. A cooling system as in claim 1 wherein said cool- 

powering said subsystems. 

has engines; 

denser means having a plurality of stages; 

is a bare aluminum aircraft; and 

ant medium is liquid, and circulates in a closed loop. 

8 
11. The method of cooling an aircraft comprising the 

providing an aircraft with an airframe coolant sys- 

providing an aircraft with fvel; 
circulating a coolant through the airframe coolant 

system; 
providing a heat exchanger and heat pump within the 

aircraft; 
providing said heat pump with an evaporator means 

and a condenser means; 
passing the coolant from said coolant system through 

said evaporator means and than through said heat 
exchanger to remove heat from said coolant; 

heating said fuel by passing the fuel through the heat 
exchanger and than through said condenser means 
of said heat pump; and 

transferring essentially all heat absorbed from the 
airframe coolant system, by the coolant, to the fuel 
within the heat exchanger and the heat pump. 

12. The method of cooling an aircraft as in claim 11, 

dividing said condenser into stages, and locating 
power turbines between the heat pump condenser 

driving the power turbines with heat energy ex- 
tracted from the fuel; and 

increasing the efficiency and capacity of the cooling 
system by converting some of the heat energy 
transferred by the heat pump into mechanical en- 
ergy. 

13. The method of cooling an aircraft as in claim 12, 

providing the aircraft with subsystems, including 
pump, electrical, hydraulic and mechanical subsys- 
tems; 

providing an aircraft subsystem cooling system; 
powering the aircraft subsystems with output of the 

utilizing the fuel to absorb heat from the aircraft 

14. The method of cooling an aircraft as in claim 12, 

providing the aircraft with engines; 
utilizing the output of the power turbines to increase 

the temperatures and pressures of the fuel to enable 
eficient operation of the aircraft engines. 

15. The method of cooling an aircraft as in claim 12, 

utilizing the output of the power turbines to drive a 

16. The method of cooling an aircraft as in claim 11, 

providing the aircraft with an airframe and skin; and 
maintaining the average temperature of the airframe 

and skin at 200" F. while the aircraft is flying at 
high speeds. 

steps of: 

tem; 
5 

10 

15 

20 

including the steps of: 

25 stages; 

30 

including the steps of: 

35 

power turbines; and 

subsystem cooling system. 
40 

including the steps of: 

45 

including the step of: 
50 

heat pump compressor. 

comprising the steps of: 
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