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Numerical Investigation on the Drags Trait of a Supersonic Inlet Curved
Duct Near the Exit

WEN Yufen, GAO Jingjing, ZHANG Zheng
(China Academy of Launch Vehicle Technology, Beijing, 100076)

Abstract: The matching design of thrust and drag is the core issue in the design of air-breathing vehicles. In order to obtain the
drag trait of the inlet and reduce the interior drag, and then improve the overall performance of the air-breathing vehicles, a study on
the cold-flow drag trait of a supersonic, twin-duct inlet is conducted with a CFD method. By comparing the flow characteristics and
drag trait of the inlets with different length, turning angle, divergence ratio of the curved ducts, drag allocation proportion of different
parts of the inlet is acquired and effects of the geometric parameters on the flow structure and drag are attained. Results indicate that a
flow separation will probably generate in the curved duct of a twin-duct inlet at a cold-flow condition, which results in a large loss of
the flow. It is noted that the drag of the curved duct accounts for majority of the entire inlet when there is no spilled flow. The drag of
the curved duct can be reduced by decreasing the turning angle or increasing the divergence ratio of the curved duct. However, due to

the interrelationship between the curved ducts' length and turning radius, the drag of the curved duct firstly reduces and then turns to

rising with the increment of the curved ducts' length at a fixed design condition.
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Tab.1 Parameters of different curved ducts

RS L 0/(°) A, /4,
EIC S VES) 1.76H 45 1.47
LEY) 1.43H 45 1.47
%3 1.10H 45 1.47
LEL 1.76H 30 1.47
TES 1.76H 60 1.47
EX) 1.76H 45 1.20
EY 1.76H 45 1.00
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Fig.1 Configuration of the inlet curved duct of the base model
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Fig.2 Adopted computational grid of the inlet for base model
22 HERE

KA T AT e BB ], (T
A BRAA RN 1) Navier-Stokes (N-S) 5 FEK i s, JL
G RGO R FH Roe P34 77 20 AT MUSCL i
R V38 B R B RS S AT B, A a] R
B o, TR VE RBOR M k-e bR AL, UrBEX
K BETH B BUE AL B

Ui FH SR AT R BE D 20 km, DR8N 3.5,
BTG 3508 000 SRITIL FHZ I AT s R E N



26 T 5 R 2 BB ROBSED

2024 4F

I IN &, SRIERE NS 529.31 Pa, FRIRA
216.65 K, OB E AL S A&, BIEN
747.442 5 K.

3 HERS55H

TEARSCI A3 A, 308 1 R L3 da iR I v T &
HIE It s EL i AT 1 IH— A Ab 3
3.1 HERFRHFSEFFEST

K245 TEFVIRA T M7 S ER AR
B, Heve. o o R IHEOEERENRIE. &
B LirmmE. B ENRERNE 2. H
FK2ATLAEH, O B N BRRCES B i Y A [
PHATE RS Z, SR 7 A WE R 718 82% LA .
FEOX PRI G E R R S B bt S i sh
oMy, PR P R A N, TS B B Bl 52 B T S
iR, AR R /INRIR B TR 4 38 kAR TR B el
AR, ERVERIERTR, AR AR AR B BE R RN Bl
EH, BEERALBENHIREI S, Mg TR
KRBT -

*2 HEFRNHASEAERY

Tab.2 Interior drag coefficient of the inlet for base model

Cdc Cds Cdc/cdw Cds/de

0.1633 0.0355 0.1988 82.1% 17.9%
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Fig.3 Contour plots of Mach number and streamline distributions
of the inlet curved duct for base model
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Fig.4 Contour plots of total pressure recovery coefficient and

streamline distributions of the curved duct for base model
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Fig.5 Static pressure distributions of the external and internal
side wall central lines of the curved ducts for base model
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Tab.3 Interior drag coefficient of the inlets with different length

of the curved ducts

Ji% L C, C, C,, AC, /%
E WS 1.76H | 0.1633 | 0.0355 | 0.1988 —

EY) 143H | 0.1545 | 0.0355 0.1900 -5.4

T3 1.10H | 0.1958 | 0.0355 | 0.2313 19.9
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Fig.6 Contour plots of total pressure recovery coefficient and

streamline distributions of the curved ducts with different

lengths
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Fig.7 Static pressure distributions of the external side wall

central lines of the curved ducts with different lengths
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Tab.4 Interior drag coefficient of the inlets with different turning

angle of the curved ducts
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Fig.8 Contour plots of total pressure recovery coefficient and
streamline distributions of the curved ducts with different
turning angles
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Fig.9 Static pressure distributions of the external side wall
central lines of the curved ducts with different turning
angles
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Tab.5 Interior drag coefficient of the inlets with different

divergence ratio of the curved ducts

77 % A, /4, C, C, C,, AC, /%
BT R 1.47 0.1633 0.0355 0.1988 —

EL 1.20 0.1771 0.0355 0.2126 8.4

EY 1.00 0.1878 0.0355 0.2233 15.0
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Fig.10 Contour plots of total pressure recovery coefficient and

streamline distributions of the curved ducts with different

divergence ratios
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