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trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency 
thereof.

DISCLAIM ER

Portions of this document may be illegible in electronic image 

products. Images are produced from the best available 

original document.



DISTRIBUTION LIST

Copy No.

AF Plant Representative, Boeing, Seattle ---------------- ------------------- ------------ 1 - 3
AF Plant Representative, Boeing, Wichita --------------- --------------------------------- 4
AF Plant Representative, Douglas, Long Beach ------------------------------------------ 5
AF Plant Representative, Douglas, Santa Monica -------------------------- ---------— 6-8
AF Plant Representative, Lockheed, Marietta --------------------------------------------- 9 - 11
AF Plant Representative, North American, Los Angeles ----------- ------------------ 12-14
Air Research and Development Command (RDZN) ---------------------------------------- 15
ANP Project Office, Convair, Fort Worth --------------------------------------------------- 16 - 18
Atomic Energy Commission, Washington ----------- ------- -------- ---------------------- 19
Bureau of Aeronautics ------------------------------------------------------------------------------- 20
BAR, Chance Vought, Dallas -------- ------------------------- --------------------------------- 21
BAR, Convair, San Diego -------------------------------------------------------------------------- 22
BAR, Grumman Aircraft, Bethpage----------------------------------------------------------------- 23
BAR, Martin, Baltimore ---------------------------------------------------------------------------- 24
Hartford Aircraft Reactors Area Office ---------------------------------------------------- 25
National Aeronautics and Space Administration, Cleveland ------ ------------------ 26
National Aeronautics and Space Administration, Washington ...........-.................... 27
Naval Air Development Center ------------------------------------------------------------------- 28
USAF Project RAND ............. ..........................-............................. ............................. 29
Wright Air Development Center ----------- ---------------------------- ------------------------ 30- 33

PRATT & WHITNEY AIRCRAFT

CANEL ...............................................................-------- --------------------------------------- 34 - 48

1



I



TABLE OF CONTENTS

Page No.

Table of Figures --------------------------------------------------------------------------------- 4

A. Introduction and Summary -------   7

B. Powerplant Description .........-..............-............. .............................................. 8

C. Propulsion Machinery --------------------------------------------------------------------- 9

D. Reactor and Shield ------------------------------------------------------------------------ 10

E. Performance Estimate ------------------------------------------------------------------- 11

F. Control System ----------------------------------------------------------------------------- 12

WAC - 275 -----------------------------------------------

---- ------------------------------------------------------------ 3



PWAC- 275

TABLE OF FIGURES

Figure No. Title Page No.

1 Engine Envelope --------------------------------------------------------------- 13

2 Weight Estimate, Powerplant Less Reactor and Shield 14

3 Liquid Metal Piping Schematic ----------  15

4 Lithium Piping Data ----------------------------------------------------------- 16

5 Reactor and Shield Data ---------------------------------------------------- 17

6 Reactor and Shield Weight Versus Crew Dose Rate-------------------- 18

7 Direct Dose Pattern at 50 Feet ---------------------------------------------- 19

8 Reactor and Shield Weight Versus Crew Dose Rate .............  20

9 Inlet Diffuser Total Pressure Recovery -------------   21

Nuclear Heat Only Operation

10 Net Thrust Per Engine ---------------   22

11 Compressor Airflow ------------------------------------------ 23

12 Reactor Power ------------------------------------------------------------ 24

Nuclear-Chemical Operation

13 Net Thrust Per Engine ----------------------------   25

14 Chemical Fuel Consumption ------------------------------------------ 26

15 Compressor Airflow ---------------    27

16 Reactor Power 28



ADVANCED NUCLEAR TURBOJET 
POWERPLANT CHARACTERISTICS SUMMARY 

FOR SUPERSONIC AIRCRAFT

Written By: J. LARSON

Performance Data : CfcaX. jfo
C. D. Lingenielter

Reactor Data: L^4

E. RyDytko

Shield Data:

Approved By:

Approved By:

R. I. Strough ^

W. G. Kennedy

9 i
5



PWAC- 275

6



PWAC- 275

A. INTRODUCTION AND SUMMARY

The estimated powerplant characteristics of an advanced nuclear powerplant intended for use 
in a nuclear supersonic manned airplane is contained in this report. This nuclear powerplant 
consists of a 575 Mw, high temperature, lithium-cooled, solid fuel element type reactor 
coupled to six turbojet engines especially designed for a supersonic nuclear airplane. The 
lithium coolant passes from the reactor at 2000F directly to the engine radiators without the 
use of an intermediate heat exchanger. The engines are fitted with burners enabling the 
thrust produced by the nuclear powerplant to be augmented by the use of chemical fuel for 
the take-off, transonic acceleration and landing portions of the flight.

The powerplant components have been selected for a maximum thrust-to-weight ratio at 
Mach 3 and 55, 000 feet altitude on nuclear heat only operation compromised for net thrust 
produced with chemical fuel augmentation during the transonic portion of flight. The power- 
plant data presented, therefore, are primarily applicable to an all supersonic mission on 
nuclear heat alone. The powerplant data presented in this report are an extension of data 
contained in PWAC-243, "NJ-14 All-Nuclear Supersonic Bomber Powerplant Characteristics 
Summary, March 11, 1958", to a higher reactor power. In addition, the engine compressor 
pressure ratio has been increased to improve transonic thrust characteristics.

Weight data are tabulated for the 575 Mw powerplant. The engine envelope based on prelim
inary radiator size estimates is illustrated. A liquid metal system flow schematic and 
piping data are included. Shield information including reactor shield outline, assumptions, 
weights, and direct dose pattern at 50 feet is also included. Estimated performance on nu
clear heat only operation and nuclear heat plus burning is presented for an envelope of flight 
conditions.
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B. POWERPLANT DESCRIPTION

The nuclear reactor used In this powerplant is a solid fuel element type constructed of a 
columbium alloy. Heat is removed from the reactor by lithium which passes directly to the 
engine radiators at 2000F, gives up its heat to air, and returns to the reactor at 1600F.
The maximum fuel element surface temperature is 2120F. The reactor generates 575 Mw 
of heat at design conditions.

The isotope of lithium, mass number 7, with low neutron absorption cross section, is used 
as reactor coolant. Lithium is an optimum coolant because of its excellent heat transfer 
and fluid flow characteristics, and low activation. At the design power level of 575 Mw, 
the size of the core is limited by coolant pressure drop in addition to fuel temperature.
The use of lithium provides a minimum core size and corresponding low critical mass 
compared to other liquid metal coolants. The low activation of lithium allows piping and 
radiators to be unshielded. Alloys of columbium have been found which have excellent 
corrosion resistance to lithium, however, their oxidation resistance is poor. The power- 
plant described herein is based on the assumption that a satisfactory alloy for radiator 
construction can be found, or that satisfactory coating or cladding processes can be devel
oped.

The turbojet engine, which converts the nuclear heat into useful thrust, is based on scaling 
the Pratt & Whitney Aircraft JT-11 turbojet engine to the required airflow and compressor 
pressure ratio. The liquid metal to air radiator is located between the compressor and 
burner. The engine is fitted with interburners for using JP-5 fuel, but no afterburners are 
included, as the latter are not considered necessary for take-off and acceleration to cruise. 
The engines can be operated on nuclear heat alone, nuclear heat plus chemical fuel augmen
tation, and chemical heat alone. The radiator matrix consists of 3/16 inch OD finned tubes 
and is divided into a cross-shaped cluster of four rectangular units. The radiator matrix 
face is parallel to the engine axis so that the engine airstream is turned about 90 degrees 
before entering and after leaving the radiator.

Separate biological shields surround the reactor and crew compartment. The gamma 
shielding in both shields is depleted uranium. The neutron shielding material surrounding 
the reactor is lithium hydride with bo rated alkylbenzene as the shield coolant. Borated 
polyethylene plastic is used as the neutron shield surrounding the crew compartment.
Data are presented which shows the reactor and shield weight for a 7 foot diameter, 9 foot 
long, crew compartment with crew dose rates between 0.01 and 1.0 rem per hour at 
55,000 feet altitude.

On nuclear power the powerplant thrust is controlled by varying the liquid metal flow through 
the lithium pump. The lithium temperature leaving the reactor is held constant by reactor 
control drum manipulation. The lithium temperature entering the reactor is held constant 
by varying the lithium flow through an engine radiator bypass valve.
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C. PROPULSION MACHINERY

------------  PWAC- 275 ----------

The engine used in this powerplant resembles the Pratt & Whitney Aircraft JT-11 turbojet 
engine presently under development. A special low compressor pressure ratio engine is 
used based on a study for achieving maximum nuclear heat only performance at Mach 3 and 
55,000 feet altitude. The engine is fitted with burners, using JP-5 fuel, as well as a liquid 
metal to air radiator which is located between the compressor and interbumer. The per
formance and weights of the nuclear-chemical turbojet engines are based on scaling the 
Pratt & Whitney Aircraft JT-11 engine to the airflow and compressor pressure ratio required. 
The resultant turbojet engine has a design corrected airflow of 330 pounds per second and a 
compressor pressure ratio of 5 to 1 at sea level static, whereas, the JT-ll engine has a 
design corrected airflow of 300 pounds per second and compressor pressure ratio of 8 to 1. 
Six turbojet engines are used.

A suitable radiator of the axial flow type was found to result in either high pressure losses 
or excessive radiator diameter. The radiator which was chosen for the powerplant described 
herein is divided into a cross-shaped cluster of four rectangular units. The face of the ra
diator matrix is parallel to the engine axis and turning vanes are used to deflect the airflow 
90 degrees before entering and after leaving the radiator. The radiator matrix consists of 
3/16 inch OD finned tubes. Each radiator at design power transfers 95.8 Mw of heat to 
the engine air. The engine envelope with radiator installed is outlined in Fig 1.

The liquid metal pumps are in-line type, requiring no sump tanks. The pump height and 
diameter are listed with the powerplant weight data in Fig 2. Pipe couplings and expansion 
joints permit removal of powerplant components and limit thermal stresses in the piping 
system. A liquid metal accumulator, located near the suction side of the liquid metal 
pumps, is used to stabilize the liquid metal pressure at the entrance to the pumps. The 
accumulator provides for expansion of the liquid metal and for accidental loss of some 
liquid metal. The accumulator is sized to contain the total flow through one engine radi
ator for two seconds plus an extra ten percent. The estimated diameter of the spherical 
tank approximating the size of the accumulator is also listed in Fig 2.

The liquid metal piping schematic is illustrated in Fig 3 and shows the pumps, valves and 
heat exchangers used in the powerplant. Each engine radiator can be shut off by isolation 
valves in the event of a radiator or engine failure. A single lithium circuit is used which 
results in a simple yet reliable system. Parallel installation of two liquid metal pumps 
with air turbine drives is used in the liquid metal circuit. The pumps would be sized to 
enable the powerplant to provide sufficient thrust on nuclear heat only operation to sustain 
flight in the event that one pump fails. An engine bypass line is shown which enables varia
tion and control of the power absorbed by the engines.

The weights and sizes of pipes used in the powerplant are tabulated in Fig 4. The lines not 
listed in this table, but represented in the schematic, would actually be short connecting 
lines in an actual powerplant piping arrangement. The pipes have been sized for a flow 
velocity of 50 feet per second. Insulation is required to limit the temperature of structural 
materials in the vicinity of the piping and a nominal allowance has been included for this. 
Piping weight for a specific installation may be calculated from the data in Fig 4 using 
proper pipe lengths, and should include the weight of additional headers or manifolds in
stalled in the piping.
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D. REACTOR AND SHIELD

A nuclear reactor having a high intermediate neutron energy spectrum is used in the weight 
estimate for reactor, reactor shield and crew shield. The structural material of this 
reactor is a columbium alloy. Shielding calculations for this reactor have been made and 
the shield assumptions and weights are tabulated in Fig 5. The reactor-shield outline is 
shown in Fig 6.

Lithium temperatures of 1600F entering the 2000F leaving the reactor have been selected 
which result in a maximum local fuel element temperature of 2120F at the design reactor 
power of 575 Mw. These liquid metal temperatures are maintained constant through most 
of the operating range by control rod manipulation and variation of liquid metal flow rate.

A shield optimization code has been used to estimate a minimum weight divided shield. A 
shielded crew compartment 7 feet in diameter and 9 feet long is assumed to be located 100 
feet forward from the center of the reactor. The calculations were made for an altitude 
of 55, 000 feet. The neutron shielding material surrounding the reactor is lithium hydride 
with borated alkylbenzene as the shield coolant. Borated polyethylene plastic is used as 
the neutron shield surrounding the crew compartment. The gamma shielding on both the 
reactor and crew compartment is depleted uranium. The weight estimate for reactor, 
reactor shield and crew shield is presented in Fig 7 for crew dose rates between 0.01 rem 
per hour and 1.0 rem per hour. The direct dose pattern at 50 feet from the center of the 
reactor is shown in Fig 8 for a crew dose rate of 0.03 rem per hour.



E. PERFORMANCE ESTIMATE

-------------  PWAC- 275 -----------

The estimated nuclear turbojet engine performance, coupled to the lithium-cooled reactor, 
has been computed for an envelope of operating flight conditions, and the results are pre
sented on a per engine basis. Performance calculations have been made for nuclear heat 
only operation and for nuclear heat plus burning. The calculations are based on a design 
reactor power output of 575 Mw. The results of these calculations are illustrated in a 
series of graphs in which engine airflow, thrust, fuel flow and reactor power are plotted 
as a function of flight Mach number and altitude.

The nuclear turbojet engine contains burners but no afterburner and differs from a chemical 
turbojet engine only in that a lithium-to-air radiator has been fitted between the compressor 
and burners. The engine design corrected airflow is 330 pounds per second and the compres
sor pressure ratio is 5 to 1. Component performance and weight of this engine have been 
scaled from the Pratt & Whitney Aircraft JT-11. Six of these turbojet engines are used in 
the powerplant.

Engine performance is computed for ICAO standard day atmospheric conditions with an inlet 
total pressure recovery as given in Fig 9. It has been assumed that there is no loading of 
the engine accessories. Allowance has been made, however, for the power required to 
drive the lithium pumps which operate on air bled from the engine downstream of the radia
tor.

The estimated net thrust, airflow and reactor power on a per engine basis and on nuclear 
heat only operation for the 575 Mw powerplant is plotted in Figs 10 to 12. The performance 
on nuclear heat plus chemical burning is given in Figs 13 to 16. Fuel flow has been plotted 
in addition to net thrust, airflow and reactor power for the nuclear heat plus chemical 
burning conditions.

1 1
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F. CONTROL SYSTEM

The control system is designed to safely and efficiently regulate the thrust of the powerplant 
throughout its operating range. This includes operation on chemical fuel, on nuclear heat, 
or on a combination of the two.

Preliminary studies indicate that the Pratt & Whitney Aircraft JT-11 turbojet engine control 
system can be used in the nuclear application with few changes, such as new cams in the 
fuel control to compensate for radiator airside pressure drop, and with the addition of a 
relatively simple nuclear heat compensator. The reactor is controlled on a constant tem
perature regime. The basic power control of the reactor is the coolant flow rate.

A chemical power lever is provided for each engine. There is only one nuclear power lever 
which sets nuclear power to all engines, however, there is provision for balancing the 
thrust of individual engines.

The nuclear power lever varies the coolant flow, thereby controlling reactor power since 
reactor power level is proportional to coolant flow because the inlet and outlet temperatures 
are left constant. The coolant temperature at the outlet of the reactor is kept at the design 
point by a closed loop control which varies the position of the control drums. The temper
ature of the coolant returning to the reactor from the engine radiators is prevented from 
dropping below its design point by a bypass valve which bypasses hot coolant around the 
radiators to the return line. It is prevented from rising above its design point, under some 
conditions of high air temperatures and low air flows when the radiators are unable to 
transfer all the available reactor power to the air, by modifying the effective power lever 
angle in the control so that maximum angle calls for a coolant flow rate corresponding to 
the power which can be transferred. Linearity of the control is maintained.

When the powerplant operates on combined chemical and nuclear power, the chemical con
trol levers set the power level of the engine and the nuclear power lever controls the portion 
of engine heat which is added by the reactor. The nuclear heat compensator computes the 
nuclear power being used as a function of air temperature rise through the radiator, rotor 
speed, and compressor inlet total pressure and temperature. A quantity of chemical fuel 
corresponding to the radiator power is bypassed from the fuel manifold back to the aircraft 
tanks. Turbine inlet temperature is, therefore, unchanged by the use of partial nuclear 
power. This control also prevents reduction of chemical fuel past the minimum required 
for maintaining combustion in the burners except when the fuel shutoff is operated.
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FIG 2

WEIGHT ESTIMATE, POWERPLANT LESS 

REACTOR AND SHIELD

Number of engines 
Radiator diameter 
Radiator length 
Turbojet engine weight

Turbojet (exclusive of radiator) 5, 200 lb
Radiator 7,000

Total per engine 12, 200
Total for 6 engines

Liquid metal system
Piping (wet, insulated) 9, 900
Valves 2,600
Expansion joints and couplings 1, 500
Pumps and drives (wet) 2, 600
Accumulator (wet, insulated) 700
Bleed air ducts 2, 200

Total

Helium system 
Shield coolant system 
Control system

Powerplant less reactor and shield 
Lithium accumulator diameter 
Lithium pump height 
Lithium pump diameter

6
56 in. 
119 in.

73, 200 lb

19, 500

700 
500 

1, 500 
95, 400 lb 
4.0 ft 
3.5 ft 
4.2 ft
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FIG 3

wmr^

LIQUID METAL PIPING SCHEMATIC

BCV O

REACTOR

A — LITHIUM ACCUMULATOR 
BCV— BYPASS CONTROL VALVE 
CV — CHECK VALVE 
IV — ISOLATION VALVE 
P — LITHIUM PUMP 
R — ENGINE RADIATOR
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FIG 4 4

LITHIUM PIPING DATA
I

Reactor-to-Engine Piping

Outside diameter*
Wall thickness 
Weight (wet)** 
Insulation weight 
Insulation thickness 
Length assumed (total) 
Number of lines

Engine-to-Pump Piping

Outside diameter*
Wall thickness 
Weight (wet)** 
Insulation weight 
Insulation thickness 
Length assumed (total) 
Number of lines

Engine Bypass Line

Outside diameter*
Wall thickness 
Weight (wet)** 
Insulation weight 
Insulation thickness 
Length assumed (total) 
Number of lines

*Does not include insulation thickness 
**Includes insulation weight

5.7 in. 
0.16 in. 
19.0 Ib/ft
4.1 Ib/ft
2.2 in. 
270 ft 
6

5.7 in. 
0.14 in. 
16.4 Ib/ft
2.7 Ib/ft 
1.6 in. 
270 ft
6

9.60 in. 
0.16 in.
37.3 Ib/ft 
5.9 Ib/ft
2.3 in.
10 ft
1

1 6
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FIG 5

REACTOR AND SHIELD

Reactor power 
Altitude
Maximum dose at 50 feet

Neutrons
Gammas

Reactor shield assembly
Height
Width
Length
Neutron shield material

Crew compartment
Neutrons 
Gammas 
Total dose rate 
Side area 
Rear area
Separation from reactor 
Neutron shield material

Gamma shield material
Weight summary

Reactor shield assembly
Reactor,
Neutron shield 
Gamma shield 
Structure 
Total

Crew compartment
Side neutron shield 
Rear neutron shield 
Side gamma shield 
Rear gamma shield 
Total

Total reactor and shield

1 7

DATA

575 Mw 
55, 000 ft

277 rem/hr 
36, 600 rem/hr

118 in.
95 in.
105 in.
Lithium Hydride

0.0145 rem/hr 
0.0155 rem/hr 
0.03 rem/hr 
198 sq ft 
38.4 sq ft 
100 ft 
Plastic
Depleted Uranium

7, 800 lb 
11, 300 
13, 400 
1,500 

34,000

8, 100 lb
3, 700
4, 600
9, 100 

25, 500 lb 
59, 500 lb
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FIG 6

REACTOR SHIELD ASSEMBLY OUTLINE

REAR

FRONT

TOP VIEW
FRONT REAR

SIDE VIEW

BOTTOM

FRONT VIEW

18



W
EI

G
H

T,
 LB

PWAC- 275

FIG 7

REACTOR AND SHIELD WEIGHT VERSUS CREW DOSE RATE

70,000

60,000

MIIIII:;i df*rrtnni'l :'llll ::llKllfc>

50,000

40,000

30,000

20,000

10,000

CREW DEPARTMENT DOSE RATE, REM/HR
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FIG 8

DIRECT DOSE PATTERN AT 50 FEET

Degrees from 
Forward

Neutrons,
rem/hr

Gammas,
rem/hr

5 0.45 1.54

15 0.607 2.18

25 1.01 5.50

35 2.19 31.2

45 5.22 430
55 11.0 5, 700

65 19.4 21,000

75 29.3 25, 800

85 54.0 28, 300
95 99.0 31, 700

105 118 32, 000

115 139 32, 700

125 155 33,300
135 209.7 35, 000

145 222.3 35, 400
155 224 35, 700
165 261 36, 300
175 277 36, 600
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