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Numerical simulation of flow field characteristics of
UDMH/NTO rocket engine plume
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Space Engineering University, Beijing 101416, China)

Abstract; AUSM (advection upstream splitting method) spatial discretization scheme
was used to explore the effects of three k-¢ turbulence model and second, third orders up-
wind schemes on shock capturing. The simulation of unsymmetrical dimethyl hydrazine/ni-
trogen tetroxide (UDMH/NTQ) rocket engine nozzle and exhaust plume flow-field at differ-
ent altitudes and Mach numbers was modeled with standard £-¢ two equation turbulence
model and two order upwind scheme. Afterburning was modeled with 12-component 18-
chemical reaction, and the entrance parameters of the nozzle were used by thermodynamic
calculation. Results showed that with the increase of flow Mach number, the wave number
decreased; the plume affected area gradually expanded with the rise of altitude; afterburning
reaction caused the significant decrease of O,, N, in the mix zone while the contents of O,

OH, NO in the mixing zone increased.

Y5 B #8:2016-09-26

ESTA HEARBEILSE (91441123)

TEB B 2B 1994 ) B Wi+, FHNE L FHLURIEG MR PRI FETE . E-mail:15011162748@163. com

BIRAEE BT (1969 —) B, # i+ A FUl L 1 1, 3532 R R S ML R 5 20 AN S P B R 9
E-mail ; nws1969@126. com

Bl R RT3 E % UDMH/NTO K5 & sl 4 7 5 45 PE S0 07 210 ). 28 30 12441, 2018, 33 (4) : 952-960.
WU Rui, NIE Wansheng, CAI Honghua,et al. Numerical simulation of flow field characteristics of UDMH/NTO rocket
engine plume[J]. Journal of Aerospace Power,2018,33(4):952-960.



543 ES

%4 . UDMH/NTO k% %& shHl R 4 i b v B (e 15 & 953

Key words:

unsymmetrical dimethyl hydrazine/nitrogen tetroxide (UDMH/NTO) ;

turbulence model; chemical reaction model;

flow field characteristic of plume; afterburning

KT R BRI R R R A
T WS AE A R A v R S Y L OB Rk T R B AL
G . BB — R S IR R
YU B R AR B B B O R A A . R DU T
HBRHESE RSB ) vz N T K AL s 4K H . A
TR IS | BRI ) KRG R s LR I I R 45
PR KT R R R A R L,

TS AR R A B A% 1 S W S A
RAMBIR RS HL TR RR A 58 4 1 A R K
5523 S 53 0 52 K B YA ik R T AR B A
SO W BRI L T i L ASE AR R OR A s 22y i 3
SR G I PO S AR OR . B TR X A
MR I B P e B (2 R/ ki &
S I S UL I 3 B A 9 LA B KT R A X T A
(14 phas BRI 2T L A X R [ A ) A A T
FEAS ) (1 3 A A . Cuppoletti 585 SR F R i 15
#l (large eddy simulation, LES) X} B& ¥4 & it #F 47
15 B, AR THE 45 R R B2 X 38R 2% 4 0 0 A%
M BR AR LB o BT X B 5 KT R M 2 W 05
RZEFH ke BT RRALAL, 0 257 A5 R H 5
ke Jii it 15 0 X6F B 5 ] A ok 77 A B HL IR S R
AT T ST 25 0% 5 SR RS AE e it L A5 250 X)

B A S KT & B P T R R A T T

THFGE R AE R F AR ke T AR B U B 15
I 4 2K i A Sl AL e S 0K i 3 S IR kAT T WEOR
M Sk 11-12 100 3% ] realizable k-e Jii i 45 AU %o}
BE RN AT A E .

ARICHE KT I 3 B ke Ji A AN 2
By /3 B2l XUAR 2, 5 1 i D A5 28 0 SR fige A =%
RIS WO SR AOR B2 . SRS AR IR R 5T 45
s UDMH/NTO kC#f R as R 46 bl - AT
e B R R A B 0 S e AT T BUE A B AR T
FEIATEARTR) AT i BE LA R R U 5 b 4 o 3 22
A FAE DL B 52098 S 7 X6 2 43 4 A 1Y) s T R AR

1 mRERENEFESRIE

3T SCHR [13-14 ] 48 1 A9 4 -2 R (kero-
sene-air) LAY 2 AL T It i 7 » R AL T 9% B2 Y
SR A AUSM 45 ] 8 80k 200 SR i — 4t il f
R Navier-Stokes(N-S) J5 # 20 , B T 28 W) 3%
PR BE T oK B HE 58 T 2 B /3 Bl U =X A bR

#E/RNG (re-normalization group)/realizable k-¢
XUT5 ARG AR I A P8R 5 )
L1 HEXEROFRES

AU T SAILIE HH B O N K S5 O 1) 5 s 5]
LR, H ab B AT, KEH 12,5 mm,
WEREIAT, A SEWMER 1R ; b
NI EE T B 5 g 4 VBE T s od \deef Nk 1t
Y E N 288. 15K, £ /12 101. 3kPa; fg M E
J1HE T EE R 288,15 K, JE /1 h 101, 3kPasag
HIER B RE R PR 5 1T 5 8 ) 4 R S 800
mm 2 1] 242 8 400 mm,

S
d A
800 mm N
£
=
L b =
a[ I £ ¥
F1 i REORER
Fig.1 Computational domain
x1 BEEANASH
Table 1 Nozzle inlet parameters
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Table 2 8 steps finite rate chemical recation model

A/(em®/ E/10°
b2 S =
(kmol * s)) (J/kmol)
H+0,=0H+0O 8.65X10" —0.24  73.329
O+H,=0OH+H 1.5X10" 2 31.593
OH+H,=H,O+H 2.53X10° 1. 48 14.134
OH+OH=H,0+0 1.5X10° 1. 14 0
H+H+M=H,+M 9.72X10"° —0.6 0
H+OH=H,O0+M 210" —1 0
O+0+M=0,+M 6.615x10° 0 7.4826
CO+OH=CO,+H 3.3X10° 1. 55 3.3422
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Fig. 2 Simulation result of Ref. [13]
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Fig.3 Standard k-¢ model and second order
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Fig.4 RNG k-e¢ model and second order upwind scheme
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Fig. 7 RNG k-¢ model and third order upwind scheme
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Fig. 8 Axial distribution of the velocity magnitude is
given by Ref. [1]
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Fig. 9 UDMH/NTO rocket plume calculation domain
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Table 4 Thermodynamic calculation results of

combustion chamber

28 HfE
Y HHRPEIR /K 3537.31
Zeo 0.16574
Tco, 0.06517
Tu 0.01587
T, 0.10646
TH,0 0.33612
ZoH 0.02259
xo 0.00184
Zo, 0.002 26
TN, 0.27967
aNo 0.004 27
TN 0.00001
INO, 0

TR o fUREE IR H
x5 ISTHRERLFRMELR

Table 5 18 steps finite rate chemical reaction model
. . A/Cem?®/ E/
(L A=IrB =
(mol * $)) (kJ/mol)

CO+OH=CO,+H 2.2583X10" 1.55 —3.34

OH+H,=H,O0 +H 1.8127X10"* 1.3 15.3

H+ 0,=0H+0 9. 7559 X 10" 0 62.11
H,+0=0H+0 1.8488X 10" 2.70  26.19
OH+OH=H,O0+0O 6.1425X10" 1.4 —1.66
CO+0O0+M=CO,+M 8.7923X10 " 0 —18. 96
H+H+M=H,+M 5.329X107° —0.6 0

H+OH+M=H,0+M 8.9128 X107 —1.18 2.58

O+0+M=0,+M 3.1375X10° " 0 —7.48
N, +O=N-+NO 1.8127X 10" 0 318
N+ O,=0-+NO  2.6919x10 " 1 27.19
N+OH=H+NO 2.8304X107" 0 0

J1o% %33 %
A/(em?/ E/
b2 = '
(mol * s)) (kJ/mol)
H+O+M=0OH+M 2.6247X10°% —1 0
N+O+M=NO+M 3.2881xX10"° 0 —1.29

NO+NO=0,+ N, 3.0171X10"* 0.5 254

O+ NO,=NO+ O, 3.9204X10" 0 —1.0
NO, +H=NO+OH 8.8526Xx10" 0 0

NO+O+M=NO,+M 6.2028X10"7 —2.87 6.49

AN &R IR S S % L EH g RS
1976 (USSA-1976) , 15 BE T 0 15 F T W IR 82 2 45K
k6 fim.

%6 FAEASETHESH

Table 6 Environmental parameters at different altitudes

R ek e e (iiﬁ) i‘fif;f/
0 288. 15 101325.0 1. 225 340. 3
5 255.68 54048.0 0.7364 320.5
10 223. 25 26500. 0 0.4135 299.5
15 216. 65 12112.0 0.1948 295.1
20 216. 65 5529.3 0. 08891 295. 1

25 216. 65 2527.3 0. 04008 295.1

2.3 UDMH/NTO XERERBHERDH
AT R B X B A U I 1) 5 )
35 AT E B H 2 5.10,15,20 km, 3R Ji
LA Ma.. 2y 1 B R IA TR S 64T 05 5. 15 5 2
TR E < mE 10~E 13 fin, Kb lBE =
ESI R S8 S 7 N 78 - Y e VAN TV N o i
DS R B R RV NG B a5 B U I (S

2.3.1

Temperature/K )
[T
400 800 1200 1600 2000

Forzen flow

)
= - — —_—— —— ]
=

0 5 10 15 20 2
x/m

L

B 10 H=5km.,Ma.. =1 b8 = &
Fig. 10 Temperature contour at H=5km and Ma.. =1
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Fig. 11 Temperature contour at H=10km and Ma.. =1
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Fig. 12 Temperature contour at H=15km and Ma..
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Fig. 13 Temperature contour at H=20km and Ma.. =1
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Fig. 14 Axial distribution curve of the plume

temperature at Ma.. =1 and different altitudes
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Fig. 15 Axial distribution curve of the plume Mach

number at Ma.. =1 and different altitudes
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Fig. 20  Axial distribution curve of Mach number at

H=10km and different incoming flow Mach numbers
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