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ABSTRACT

Numerical simulations have been performed to investigate thrust characteristics of a through-type
pintle nozzle with or without flow separation at various operating altitudes. The low Reynolds number
k-¢ with compressibility correction proposed by Sarkar are applied. The detail flow structures are
observed and static pressures along nozzle wall are compared with experimental results. The flow
separation in the pintle nozzle disappears and jet plume strongly expands as its operating altitude
increases. To evaluate the thrust characteristics, the momentum term and pressure term of thrust are
analyzed. Thrust and thrust coefficient at altitude 20 km are about 10% more than them at the ground Okm.
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A, : Nozzle Throat Area Superscripts
c : Characteristic Velocity B : Time Average
C.i, C,, : Turbulent Energy Dissipation - : Favre Average
Parameter " : Fluctuation Associated with
C, : Turbulent Time Scale Parameter Mass-weighted Mean
c, : Turbulent Viscosity Parameter
E : Energy
F : Blending Function 1. M =
g : Gravity
h : Specific Enthalpy TAFAVNR FH AVle 2dse W T
H : Heaviside Step Function A ALEHR] FHEES Sste] dE=ES
k : Turbulent Kinetic Energy AHER ST AEEEE =2 5 2 A
M . Mach Number 5 AAste] A5 ey AAA wE =
M, : Turbulent Mach Number 2 5 UHs 2dste Aadolt ¥Etd =5
P . Static Pressure = AAE FEe 471 He FEA
D, : Chamber Pressure solgith. AEe Al me} = & WAl
— . Wah A4 grgo] WS ok FAA
pd : Pressurej D11atat1.on . Arime T QRS WALZ o= EEAO
P, : Production of Kinetic Energy A
R : Specific Gas Constant 2 wEste dS=Fed 45 S4S st
T : Static Temperature 1€ dAd 23 é_}% Al sl
. . Time AES o83 ¢ =2 7] A Axd
Loy : Turbulent Time Scale ol AAACI AARENE2A W, AE, =
B2 S 4t 54 o R EA
u : Velocity -
v  Volume A F7bel A 2] A7 FREAG w59
x : Spatial Coordinate Aero]et°ﬂ/\1—\: W =ARA T 5 WA
y" : Dimensionless Wall Distance ol EH?} Oq/\’:] WE TH Mas olens
| . 2 d3san 49 AAsgol, 9E FHE
Q509,05 @ Model 'Constants for Compressible o] &=x}om 93te] BRI A Ax Tt
Correction of k-¢ Model [2]. "¢ Thiokolsl M (Cone)@ el HE
8.3 : Model .Constants for Compressible o Aoz A AxATY =Ho HE
Correction of k-0 Model o Arslae AT FAHAGE. s
vy : Specific Heat Ratio SNECMAE G5l ZZev]e] 52 WE
% + Kronecker Delta w2g Ao, TF A3 207 A3
e, : Compressible Dissipation o] WEo| B HEsYoi4e zEn ==
& + Dissipation Rate Northwestern ~ Polytechnical ~ University X =
K : Molecular Viscosity ALE (Arbitray Lagrangian-Eulerian) 7|'H< 3
Ly : Turbulent Viscosity 23 WE AR HAN FHAL 23
P + Density Stk o15ANE AH8Ste] WEY olFHE
O : Model Constants 2 =2 YHo| AWIE uysid WE 24
Tij : Viscous Stress Tensor REe =¥ Ao] FAHe TEA ALE S35}
w : Dissipation Rate Arhs]. FUHE BE FYH BEF o
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Fig. 3 Pressure distribution at operating altitude.
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Table 2. Momentum and pressure terms of thrust at
operating altitude.

Altitude | Thrust/ MTT*/ PTT**/
[km] Tokm Lot Tyt
0 1.0 1.07 - 0.07
20 1.088 1.05 0.038
40 1.097 1.05 0.046
80 1.097 1.05 0.046

*Momentum Term of Thrust, **Pressure Term of Thrust

Table 3. Density at operating altitude.

Altitude [km] Density [kg/m®]

0 1.225

20 0.088
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Fig. 6 Density gradient contour at operating altitude.
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Fig. 7 Flow structures in the pintle nozzle.

Fig. 8 Thrust ratio and Thrust coefficient ratio at
various operating altitudes.
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