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An Iterative Analysis and Design Method for Study of Coupling
Processes of Combustion and Heat Transfer in Actively-Cooled
Scramjet Combustor
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Abstract: To study and design actively-cooled scramjet an iterative analysis and design method has
been developed to study the coupling processes of combustion and heat transfer in an actively-cooled scram—
jet combustor. The method uses the measured static pressure distribution along the combustor as the input of
an integrated thermal analysis code to calculate the fuel properties after cooling which in turn are used as
the fuel conditions for a direct-connected combustion test to obtain the updated static combustion pressure.
This process continues until the fuel state no long varies and the final values of the characteristics of com—
bustion and heat transfer in the actively-cooled scramjet combustor could be determined. Following the ap—
proach the states of a closedoop-cooled scramjet combustor were studied for conditions corresponding to dif—
ferent flight Mach numbers and the cooling fuel temperature and structure temperature distribution at differ—
ent flight Mach numbers were obtained.
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Fig. 1 Iteration processes for integrated combustion and heat transfer

analysis of an actively-cooled scramjet combustor
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Fig.2 Computation element of the quasi-one—

dimensional combustor model

7;112 =p;uA, +7;7’fi (1)
my —Ax/2 <x; <x; + Ax/2
e ={ (2)
0 others
i m,
%, x; l Ax
mtlu“tl +pL l1+J pdA _mu +pA +j_T dAlnnPr
(3)
m u p
A T,
Ainnel °
C
ro=5pu (4
C, .
C, =25t * Pr” (5)

St Pr o

r;li—](hi—l +%u?—l):7hi(hi+%u?)+AHci (6)
AH_,
qwl = Stpu( haw - h“l) ( 7)
St pu N
haw hwl
Eckert 10
NASA 13 o

SUPERTRAPP * .

4, 0rh.T,,

T
o fs-ﬁlf/////)"//m;/ % “

& \}‘ \
\\\\\\;\\\R

Fig.3 Schematic of 2D cooling structure
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Fig.4 Schematic of kerosene heating and delivery system ’
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(a) Cooling fuel temperature (b) Combustor outer wall temperature

Fig.5 Comparison of the calculated results with the measured values

for an actively-cooled scramjet combustor



35 2 217
3
° Fig. 6 Schematic of the supersonic model
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Table 1 Combustor entry conditions Table 2 Experimental combustor entry conditions
Experiment Altitude Total temperature  Total pressure Experiment Total temperature Total pressure
% a a pi/MPa T, /K
No. /km /K /MPa No. /K /MPa
01 4.0 19 2.0 890.0 0.69 01 2.0 892.0 0.69 4.5 752
02 5.5 31 2.5 1386.0 0.58 02 2.5 1327.0 0.71 3.67 755
03 5.5 26 2.5 1358.0 1.16 03 2.5 1299.0 1.14 3.71 753
04 5.5 23 2.5 1344.0 1.69 04 2.5 1325.0 1.54 4.71 753
05 5.5 21 2.5 1332.0 2.34 05 2.5 1260.0 1.83 5.67 754
06 7.0 34 3.2 2163.0 1.84 06 3.2 1989. 0 1.8 3.78 756
07 70 30 3.2 2100.0 3.63 07 3.2 1882.0 2.82 3.56 753
3.2 3.3
1 7 o
6
o 1500mm 70mm 50mm .
3 3.

Fig. 7 Static pressure distribution at different combustor entry Mach numbers
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Fig. 8 Calculated thermal environment parameters distribution along the combustor

Fig. 9 Calculated cooling parameters distribution along the combustor

Table 3 Geometry parameters of cooling structure o
¢y /mm 1, /mm w/mm H/mm d/mm o
1.5 4.0 2.0 2.0 2.5 750K 4.0,
8
9
298K,
10 2

Fig. 10 Calculated exit cooling fuel temperature

in the typical flight corridor
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