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Analysis of Performance and Combustion Characteristics in
KSR-MII Liquid Rocket Engine with Combustion Instability
Passive Control Device(Baffle)

Yoon Wan Moon* + Chul-Sung Ryu* - Woo-Seok Seol* - Young-Mog Kim** - Soo-Yong Lee**™*

ABSTRACT

The combustion characteristics of the KSR-IIl engine were investigated numerically from
the viewpoint of performance and combustion field. For numerical analysis of KSR-III engine
with hub-and-spoke baffle, 3-D calculation was performed about 30° section and the
prediction of performance was in a good agreement with hot—firing test result. As a result
of baffle installed, the performance of KSR-III engine was reduced in comparison with no
baffle case and local high temperature region appeared on injector plate, combustion wall
and baffle wall. This calculation was used practically as basic data for designing injector
plate with film cooling holes and predicting the performance of KSR-III final flight test.
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Table 1. Dimension of hub-and-spoke baffle

Axial length, I, (mm) 90
Blade radial length, R, (mm) 130
inner dia., D (mm) 140

Hub
outer dia., D,y (mm) 160
Thickness, th (mm) 10

a) Hub-and-spoke baffle

b) Baffle and injector distribution

Fig. 1. Schematic diagram of hub-and-spoke
baffle and injector distribution
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Table 2. Spray conditions with respect to no
baffle and hub-and-spoke baffle

Mass Velocity Dr9plet Impin.
flow rate m/s) size angle(®)
(kgfs) (¢m)
SMD
Fuel [LOX |Fuel [LOX (Fuel) 6
Nominal
(No baffle) 24.7]21.6| 158.1
18.042.0 20
hub-and-spo
ke baffle 32.4128.3| 154.3
Table 3. Properties of kerosene and LOX
Kerosene LOX
Chemical CioHas 02
formulation (liquid) (liquid)
Density (kg/m’) 795.0 1122.0
Specific heat
1.884 1.711
(kJ/kg - K)
Latent heat
326.1 209.2
(kl/kg)
Temperature (K) 290.0 94.0
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a) Photograph of injector plate after
hot-firing test

b) Temperature contour at injector plate
after numerical simulation

Fig. 3 Comparison of temperature bet-ween
hot-firing test and numerical simulation
(at injector plate)
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Fig. 4 Temperature and philequivalence
ratio) distribution along middle line
of compartment at x=0.0, x=45mm,
and x=90mm
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a) Temperature distribution of no baffle
case

a) Total pressure field of no baffle case

b) Temperature distribution of
hub-and-spoke baffle case

Fig. 6 Comparison of temperature field between
no baffle and baffle installed case at x=
90mm from injector plate
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b) Total pressure field of baffle installed
case

Fig. 7 Comparison of total pressure
between no baffle and baffle
installed at x=90mm
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Table. 4 Performance of no baffle and
baffle installed case

(Pc)ns at
T(‘t’;r"st (gf) ¢ ()| Cr | throat
) (bar)
no
12.90 | 215.0 | 1631.1 |1.29308| 12.97
baffle
baffle
. 12.57 | 209.5 | 1580.2 {1.30059] 12.56
installed
increased

or
i 1-2.56 -2.56 | -3.12 | +0.79 | -3.16
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