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SPECIFIC ENTHALPY OF HYDROGEN AND MOLE FRACTION OF H
AS A FUNCTION OF CHAMBER PRESSURE

AT A CHAMBER TEMPERATURE OF 3,600 K
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® DEVELOPED AT NASA-LEWIS

® A NAVIER-STOKES CODE WITH FINITE RATE CHEMICAL

KINETICS CAPABILITY

- LU-SSOR

- 9 SPECIES, 18 REACTIONS, (Ho, O2 COMBUSTION SYSTEM)

- 3-D, (ONLY 2-D AXISYMMETRIC REQUIRED HERE)

CONTUUR LEVELS
0. 85008
0. 30000
(I HTTT
. unuon
1. 2tHun
L. aumn

ER T
E T
P L1t
‘1. tunl
RE T
by

i

Snmb
G
[T
6. BOu
. SO0
2. 20000
7. 00N
7. 0unon
1. 1t
. -

1 Hetnne —_—

M
T——————————-——____——————_l

ARt ey

TME bt NP cocknl
Po o= b oatn Ju 3 0208 Koo b H/0e 2 70

463

2itbil AHUER

NTP- Technology

ORIGINAL PAQE IS
OF POOR QUALITY



Statie leeparatore

SN NP ekt

o boatas Ea UMM R aml RANe - 2

CONIDIM L FUrt S 200 [EIE}
] [Tt
n. tnn
0.

[
[T

1w
0 .
HoLinn
o

uoosann
[T
¢t
n. Lnen
. a0
[IRNTTI
(ORI
[

AN )
LI (D)
n.ornmn
0. BinmL
o, i
n, ssmnn
0. a90ng

om

e

Y2 mazz femelban
_ N0 ThT NTP sorknt
Pa 2 Lontn, 1o = 3200 Kk and B/He = 20

CONTONR L EVELA 23ttt [T
n.a2nn

. 94000

(LA KR 1]

IR

i % am

o aae

o

R WENTT]

11

o

RSt
0, unhim
1. 96/00
a.anann
n.a690n

NTP: Techdolugy 464 NP-TIM 92

ORIGINAL Paog 15
OF POOR QUALITY



NP-TIM-92

‘V'(
SPECIFIC IMPULSE AS A FUNCTION OF CHAMBER PRESSURE
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WALL CONFIGURATIONS OF NOZZLES "A", "B", AND "C"
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® RyHRoAT = 0.28 m
@ Ag/At = 100
® THROAT TO EXIT LENGTH = 7.6 m
- -
~ /7,//;—‘-:/
é = eI
. ] ///:/"/, T
// - // -
A
/%/
l_ I_ A ,; 1 | i [ f
0 2 4 6 8
X (m)
\
— PR 11 O e e o NP ',ly\(;hnql,ggy——J |

eI R N P B ST
CRRENAL PRSI

OF POOR QUALITY



[3]3

r (m)

NP Fechnology

Axial Distributions on

2
S ' \ =4
@ 2
e i by
E \ 3
g \ &
2.8} -
[ \\ 2]
g \\ 3
= \ "\ ¢ =
(%] \\\ o
E<1 \ B =
= ~
S AN o
m \\ - \\‘\
S~ I -
L 1 NI [, — I [l
0 2 4 6 8 10
x (m)

Radial Distributions at

14]
X}
-
=
Bt
B
C
' 1 | 1 ! ) ) =
1000 2000 RO 0.67

Static 'Femperature (K)

106

the Centerlines

2 T
g -
) /
2
2
(=3
wy
)
\Q Y SR . )
[=]
0 2 4 6 8 T
x (m)
the Exit
—~>
e
N
B ~
A C
1 [ 1 l i I
0.69 0

112 Mass Fraction

NP TIM 92

SRIGINAL PAGE 15
OF POOR QUALITY



/
MASS FRACTION H, —

NOZZLEC
i
g NOZZLE B
NOZZLE A
Seace Adwmstation NNASN
Lewls Research Cenier
TABLE 4. Specific Impulse of NTP
Nozzles which have been scaled
10 produce, at cach Temperature,
approximaltely cqual ‘Thrust.
o Clsp, (Ibpesiby,)
P.=10aun Pe=1.0 atm Pe 0.1 aun
1‘C, (K’ I'l ;().28 m rl:()xxsd i rl7qx im
27100 Y010l 89918 CIANE!
3200 102433 1037.21 107247
3600 114422 1183.39 122317
NP-TIM-92 467

NTP: Technology
MATTAEIAIST DY san
SRNENAL Palie B3

OF PUTR QUALITY



National Aeronaulics anit
Space Administration

Lewis

Research Center

NASN

National Aeronautics and
Space Adminisiration

Lewis Research Center

I'ABLES. Specific Impulsc for variously
sized NTP Nozzles with
Te=3600 K, P.=1.0 aun.

- Isp, (Ibp-s/lbyy,)

[ =0.28 m r=0.8854 =2.8m

1151.57 1183.39 122041
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SUMMARY

CFD SIMULATIONS PREDICT LOWER SPECIFIC IMPULSE VALUES FOR THE LOW
PRESSURE NUCLEAR THERMAL ROCKET THAN ONE-DIMENSIONAL, INVISCID

ANALYSES.

THE LOW PRESSURE CONCEPT SHOWS MORE PROMISE AT HIGHER
TEMPERATURES THAN AT LOWER TEMPERATURES, BECAUSE OF THE GREATER

AMOUNT OF DISSOCIATION.

SMALLER NOZZLES SHOW LARGER VISCOUS LOSSES, ESPECIALLY AT LOW
PRESSURES; THEREFORE, PERFORMANCE GAINS ARE ASSOCIATED WITH

LARGER NOZZLES.

ADVANCED CFD CODES SUCH AS RPLUS (3D, NAVIER-STOKES, CHEMICAL

KINETICS), WITH THEIR ABILITY TO SIMULATE REAL GAS EFFECTS, PROVIDE
THE DESIGNER WITH POWERFUL TOOLS TO ANALYZE THE ENTIRE FLOW FIELD
AND CALCULATE GLOBAL PERFORMANCE VALUES.
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