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ABSTRACT

The generation mechanism of NAR is not yet understood. In the present study, an in-depth analysis of
the computational results previously obtained by the authors is conducted to investigate the flow
mechanism responsible for NAR. A theoretical analysis has also been performed to understand the gas
dynamic features during transition from scramjet to ramjet mode. It is known that there exists a critical
value of the fuel equivalence ratio at which the flow states at the inlet of isolator remain unchanged. An
increase in the equivalence ratio over the critical value leads to a sudden change in the static pressure and

the Mach number at the inlet of the isolator, which is responsible for the generation of NAR.
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®[ER] : equivalence ratio

M, :free stream Mach number
M; : Mach number at isolator inlet
M, : Mach number at combustor inlet

Pw1  :wall static pressure at isolator inlet

Pw, :wall static pressure at combustor inlet

Py : stagnation pressure
Ty : stagnation temperature
cp : specific heat at constant pressure
ol : specific heat ratio
Ay : core flow area at combustor inlet
Aq : area at isolator inlet
m : mass flow rate
q : amount of heat addition
S : entropy
1M B

HZ S5 A e 354 89 S
o} 3, AANE/~AHAE Foll gk B4lo] Sl
53tk o] Fol A HAES} ~2TAAE 7o B
T 7bed ol RES B Y e A=
H 2 O 23S A SIEH1].

°]% R E(dual mode)] ¢, A&7 FRFol F
A7 Bt AL =2 Fdste frEol obad
A H RES, fFo] 25U FHE AL f+
Ast] A47t FASHE 239 REE FASHA
HAY2]. wehA f BToi 2T RER T
2379 REdA g REo] A3 Holg o|F R
E AR oA -t Fad 712 EAclth

B =Foll4= o1 Ha 5[3]°l o3t Rud
s d Ao &4 AT E, Micka 5[4]9] A+
N AHEE A 5SS FANAH R BARE
A3 AAstA ot ojel BHESt] o] e
Fotia 5[5]% Ha 5[3]Y A7 olA & NARS A9
shof, 124 714 8o o] B8l 4 7 Al A3 4

=
= a
G =F WA 5 92 W oheh ol

g EsdA sz w2
S|
-

Z[6] NARY t &t A= 9=

&< A

[e)
DRE ]

Z a3hth, 844 %, NAR®] BA3H o A
ool el A FR3 LR UA W) W
531 5131 £

o, & dTolA= ol AdEe ™
1

>

> e
koot B oo

s
e
x F

N g&
ooy M
X

of ~lEI

VY 2

L N,

% W

o, n

% N =

330

3}: fr &

o2
m‘,% i)
foad
o)
M o
o
i

o rd 1®E
N

N %

N o
>
NN 2 o

ot
o
fu
e
S
[¢°)
&
c
=
[¢]
@]
=3
o)
l-'\l
i
1
o o
9‘1'4
3R
o
re
il

ke
2
4
2
X
rlr
|
i)
Lo
S
ey
ot
£
i
Bl
off
Lo
4
N

AUERAN

[3].

3.1 NARS] A8
Ha 5[3]- Michigan ©|5 Z& A E A3 A
o Al Al H 4T wkeka(My)7F 2.20] 31, -2 %(To)

-1 Nozle Al dimensions are in “mm”
M, =12

Combustor =349

Constant area isolator = 35§ ;“'5 s :

/

£
i~

")"/\::!m TH=14

i ] /'

| Main injection port

M, fw

Fig. 1 Computational flow field of dual mode ramijet [4].
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Fig. 2 Variation in confined flow area fraction (T =
1,250 K).
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Fig. 3 Variation in confined flow area fraction (To =
1,400 K).
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Fig 5 Static pressure and Mach number variations
with ER at the entrance of combustor (Ty =
1,400 K).
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Fig 6 Static pressure and Mach number variations with
ER at the inlet of isolator (To = 1,250 K).
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Fig. 7 Static pressure and Mach number variations with
ER at the inlet of isolator (To = 1,400 K).
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Fig. 9 Negative entropy region between scramjet and
ramjet modes.
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