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Parametric comparative study of Rocket Nozzle
Convective Heat Transfer Coefficient Application of
Combustion gas characteristic and Method of Analysis

Yonggu Kim* - Joochan Bae*' - Jinok Kim*

ABSTRACT

Experimental results of 30°-15° nozzles were compared with numerically calculated convective heat
transfer coefficients using FLUENT, Boundary Layer Integration Method and Bartz predictions. Also,
the convective heat transfer coefficients were calculated by using FLUENT and boundary layer
integration method for NASA HIPPO nozzles according to the characteristics of combustion gas and
the correlation between pressure and pressure was compared. Finally, thermal analysis of NASA
HIPPO nozzle was performed to compare the ablation thickness and char depth according to the

combustion gas characteristics.
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Table 1. 30° — 15° Nozzle Boundary Condition.

Inlet Outlet
Test
No. # Pressure| Temp. |Pressure| Temp.
o [Psia] | [K] | [Psia] | [K]
269 100.2 839.4 29 372
278 150.6 8244 5.8 365

Table 2. FLUENT Mesh Resolution and NWT#
Method of Test no. 269.

No| Grid B. F.* | Calc*. y" | NWT**
Al | 107x20 5 210~360 SWE***
A2| 215x40 5 110~190 SWE#***
A3 | 430x160 130 3~5 EWT****
A4 | 430x160 | 1500 0.2~0.8 EWT#****

*Bias Factor, **Calculated, ***Near Wall Treatment, ****Enhanced
Wall Treatment.

Table 3. FLUENT Mesh Resolution and NWT#
Method of Test no. 268.

No| Grid B. F* | Calc*. y© | NWT**
Bl | 107x20 10 90~350 SWE***
B2 | 215x40 10 50~110 SWE***
B3 | 430x160 130 2~7 EWT#****
B4 | 430x160 | 2250 0.25~0.7 | EWT****

*Bias Factor, **Calculated, ***Near Wall Treatment, ****Enhanced
Wall Treatment.
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Fig. 4 NASA HIPPO Nozzle Geometry.
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Table 5. Propellant Constituents and Properties.

Constituent Proportion(%)
Ammonium Perchlorate 69.99
Ferric Oxide 0.01
Aluminum 16
PBAN Binder 12.04
Epoxy Curing Agent 1.96
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Table 6. Transport Properties On Chamber Pressure
1000 psi.

Table 7. Transport Properties On Chamber Pressure
1250 psi.

Fr* Eq*‘k Al_Fr‘k** AI_Eq****

Fr* Eq** AI_FI.*** Al_Eq****

| 1.008%e-4 | 1.008%e-4 | 8.056e-5 | 8.056e-5

p | 1.0127e-4 | 1.0127-4 | 8.08%-5 | 8.08%-5

C,| 2003.4 3714.5 2003.4 3714.5

C,| 2004.6 3598.5 2004.6 3598.5

Pr| 05209 0.3546 0.8376 0.8699

Pr| 05214 0.36 0.8379 0.8691

v | 1.1835 1.1359 1.1835 1.1359

~ 1.183 1.1369 1.183 1.1369

k | 0.3880 1.0568 0.1927 0.3439

k| 0.3893 1.0122 0.1935 0.3349

*Frozen,**Equilibrium,***Algebraic-Frozen,**** Algebraic-Equilibrium

52000
48000 L Frozen
as000 [ —— Equilibrium

~——— Algebraic Frozen
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L T T LI 71 T
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Fig. 5 Comparison of the Predicted Heat Transfer
Coefficients by Combustion Gas Properties on
FLUENT (1000psi).
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Fig. 6 Comparison of the Predicted Heat Transfer
Coefficients by Combustion Gas Properties on
BLIM (1000psi).
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Fig. 7 Comparison of the Predicted Heat Transfer
Coefficients by Combustion Gas Properties on
FLUENT (1250psi).
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Fig. 8 Comparison of the Predicted Heat Transfer
Coefficients by Combustion Gas Properties on
BLIM (1250psi).
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Table 8. Transport Properties On Chamber Pressure

Table 9. Transport Properties On Chamber Pressure

1500 psi. 1750 psi.

Fr* Eq** Al-Fr#** | Al-Eq**** Fr* Eq** Al-Fr#** | Al-Eq****
i | 1.015e-4 | 1.015e-4 | 8.1116e-5 | 8.1116e-5 i | 1.018e-4 | 1.018e-4 |8.1380e-5 | 8.1380e-5
C,| 20054 3508.9 2005.4 3508.9 C,| 200589 | 3436.94 | 2005.89 | 3436.94
Pr| 05219 0.3647 0.8383 0.8685 Pr| 05222 0.3687 0.8385 0.8681
~ | 1.1825 1.1378 1.1825 1.1378 v | 1.1822 1.1384 1.1822 1.1384
k | 0.3903 0.9773 0.1941 0.3278 k | 0.3912 0.9492 0.1947 0.3222

*Frozen,**Equilibrium,***Algebraic-Frozen,**** Algebraic-Equilibrium

Heat Transfer Coefficient (W."m:K}
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o L L 1 L L i L L
-80 40 160 200

240
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Fig. 9 Comparison of the Predicted Heat Transfer

mK)
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Fig.

10

Coefficients by Combustion Gas Properties on
FLUENT (1500psi).
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120
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Comparison of the Predicted Heat Transfer
Coefficients by Combustion Gas Properties
on BLIM (1500psi).
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Comparison of the Predicted Heat Transfer
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Table 10. Regression Coefficient of Convective Heat

Transfer  Coefficient  depending  on

Pressure by Combustion Gas Properties.

(FLUENT).

Fr* Eq** Al_Fr*** Al_Eq****
a 54.391 212.55 41.748 112.32
k 0.8471 0.7161 0.8696 0.7792
R?| 09995 0.9991 0.9981 0.9881

*Frozen,**Equilibrium,*** Algebraic-Frozen,*** Algebraic-Equilibrium
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Fig. 13 Regression Results of Convective Heat
Transfer Coefficient depending on Pressure
by Combustion Gas Properties (FLUENT).
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Table 11. Regression Coefficient of Convective Heat
Transfer  Coefficient  depending  on
Pressure by Combustion Gas Properties

(BLIM).
Fr* Eq** Al_Fr*** Al_Eq****
a | 65179 261.21 44.968 105.33
k | 0.8661 0.7408 0.8746 0.7923
R%| 09999 0.9999 0.9996 0.9998
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Fig. 14 Regression Results of Convective Heat
Transfer Coefficient depending on Pressure
by Combustion Gas Properties (BLIM).
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