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Design approach and experiment of three-dimensional
over/under TBCC exhaust system
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Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To design a three-dimensional turbine based combined cycle (TBCC) exhaust
system, a design approach was presented. It employed osculating method based on flowfield
of nozzle with optimum thrust to design a three-dimensional section controllable dissymmet-
ric ramjet nozzle. And on the basis of curved ramjet flowpath, a new scheme of rotating and
sliding the shared surface was proposed to regulate the throat area of the turbojet nozzle.
Cold flow experiments and numerical simulations were conducted at typical test points. The
comparison proved that the design approach of TBCC exhaust system is practicable. Under
the ramjet mode, the comparison of static pressure distributions showed agreement and the
relative root mean square error was less than 10. 8%. Under the other modes, obvious devia-
tions appeared in the area where the shock wave interacted with the boundary layer, the

maximum relative error was 30. 6%. However, the variation tendencies of the static pressure
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distributions were consistent.
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point 1 and Mach number contour of CFD result
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and comparison with Mach number contour of CFD result

s 2ot SNSRI F E R N SRR e A L
WA A
3.3 HEZHHBEMIERE

i 2% ShAIL B TP N 9 5 3 A 06 A L b R
30 TE b RE TE R RE AT LA S AN RE T X8 A A A R 7
Ao F T R AL T I A A R SR R FH — 1
I T 2 b RE T 7T R PR X 38 7k 18
FE A PR b BE T A D s a5 4 5 43 Ay 7 DL JE A
FHTIAL . wp e & s AL Bl T 1 B DX 8k s g AR
PR /N o IR T K TS RE TET A I X 4 A A RE 1T
JE 3R B S A DX

FESEI T 00, 4 vh e & s ML TR LR 30,
P14 SRy S0 a5 T 00 4 1A BO(E 455 0155 58 56 B8 4k 1Y)
BE T 7 06 B R 530 T 45 A X R v b b B =
MR AT LA - AR IR VE R HAG R B T fE R
A, R TR O BE T B BE AT 4 BE TR R ) BE W)
HREEE R A, DS B0 BOHE O o, Db 45 BE T R
J1 AR 7 SRR 25 R T 6. 300, Ak Ak ]
AT OIS ) e R M A A R R o I RO AS L 7E
RE T 52300 11 11 Ad iy o B K 7= AR — 3 4 55 19
B S EOE SRR AT . SRR
EHL 580 E T 15 iR . a0 K i
U RS 2 A U R AE 55 0 R L B S A 4k
P e A — 350, B0 B R 0L T A5 378 3 T LA 0 o
e 1 S B 3 B ) I h AR

TS T 00 8 5, o R & sl LW 4 TR T
#)93.17, K 16 g T80 5 5 0 £ (E B 0L 25
IR 5 52 56 B4R A0 BE TR T X5 b B R TS R AR 2
B N AL L 45 A BE B R ) 50

Wy R R LSS RO Dy B L I I A% BE T
i3 B AR X T SRR R 22 R & T 4. 7000 1T X
LU T SCH SR 5 R A UL AT B A B b RS (A

P SCAELASE DL A5 U 3 e b s e £ 52 B 3 3 1Y)
TR .

A R B T A AR S B P A S2 86 5 b, T

0.40
035F — R
X | BE -
e S ] RE T- 50
F o fREM-T
] S R I35
& sapk . FHEER-S
- t ﬁ._\
.
0.15F Y
0.10F “(\
0.05 \R W,
s H"“T*.—‘;_;_A_A,_A—f"_
T | ol R T [N S WL M | 1
0 0.2 0.4 0.6 0.8 1.0
XL
(@) BEH IR S04 X L
Mg 0.050.651.25 1.852.453.05 3.65
=
=" __//"f
|
..//_—- E"_"“‘——-_.

(b) A T 5 A A 2 ]
14 S2U0 00 AL 4 B RETE R 7 43 A X L B 6 Bk
i =
Fig. 14 Comparison of pressure distribution at test

point 4 and Mach number contour of CFD result

(a) TG EGHE A



2276

3 o R EHRRE

(b) LAf= E 5E0EERT T

S TR A I SR S0 1R K H G T R
=X)L

[ 15

Fig. 15
and comparison with Mach number contour of

CFD result

0.40 -
i |- i 1| 3’?
035F | e A
030 F \ ﬂm]nm] Sl
£ ] 0 e F 8 <3148
025F \ - F BE -0
£ o020F \ :
Y
0.15F \( 'Z‘_i
0.10 F \ &
N\
0.05 F N
~—%e.
e N W WA
1 1 1 | 1
0 0.2 0.4 0.6 0.8 1.0

XIL
(@) BE R 345 L

Il _|

Ma 0.050.851.65 2.453.254.054.85

- --"-—//"
{
| /
“‘“\
(b) X FRTH A =

16 SO TO0 AR 5 I BETHTFE J7 23 A % bE Ko Bk T

kg =
Fig. 16 Comparison of pressure distribution at test
point 5 and Mach number contour of

CFD result

Experimental schlieren image at test point 4
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