%48 % 6 M N W Vol. 48, No. 6
2022 4F 12 A JOURNAL OF ROCKET PROPULSION Dec. 2022

T, A G A s LR G B v T 3 BH ) A Ak

Xlzi%ﬁ?] ,/‘iﬂ\'ﬂ‘\}%,ﬂij%’-
(ATMEMRRT RE S A FIE,LH @K 210016)

W OEUANEERR/ FEHERDVAE, AL B RRAEE TERAFGET,HETIK
HBEAEREERARLET AR DI E T H, KA ECES BETR LB MHF &
T EREFRBRERAFER T ETAINEERZHERL, RET — M EAEASERRE TR
WM. HAREKHU - FHZ N T EER B, BB ERITHR DN Z A AT E#E# X
A ARGHEETAAINEEL, FEREFERS T, #AB BRI N, HELEHEARE M
RSB , EEHE N RS AL = P AR, BRI B wh SR, WA T E I = BE A
K Ah, A H R R R TR A m AR, Bk R 8 K B AL R R A R R
MR, Ma, =0.8 1.0 B FHL & 4 90 &, 5 & B 54. 0 %,

KR AAEHK A KD w2 AR ZIAT; BEFE; WE

MESHEE V43134 TERERIAED A XEHS:1672-9374(2022)06-0044-08

Drag characteristics of ramjet chanel of combined

cycle engine at low speeds
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(College of Energy and Power Engineering, Nanjing University of Aeronautics and

Astronautics, Nanjing 210016, China)

Abstract; The effect of excess flow on drag characteristics of turbine based combined cycle engine
was studied at low speeds, when the working conditions of the turbine channel were not affected. Both
momentum theorem and wall force integral method were adopted to analyze the overall forces of an en-
gine. By comparing the schemes of opening and closing ramjet channel, a drag reduction approach by ad-
justing the ramjet nozzle throat area in cold state was presented. The study indicates that the two analytical
methods have consistent results, evaluating the force of engine accurately. The spillage drag is lower when
the ramjet channel keeps open than closed. The drag will be further reduced when the high-speed surplus
air was decelerated passing through ramjet channel, and the drag disparity between two schemes becomes
greater when the incoming Mach number decreases. In addition, there are also significant drag reduction
effect by controlling the downstream nozzle throat area and slowing down the air speed in ramjet chan-
nel. A maximum drag reduction of 54 % was achieved at freestream Mach number 0. 8 and 1. 0.
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Tab.1 Free stream condition of numerical simulation

Ma,, h/km T,/K po/ kPa
0.5 0.0 288.2 101.325
0.8 3.5 265.4 65.780
1.0 3.5 265.4 65.780
1.5 9.7 225.2 27.735
2.0 13.3 216.7 15.817
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Fig.5 Model of an axisymmetric inlet( unit:in)
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Fig.6 Comparison between numerical

and experimental results
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Fig.7 The relationship between total pressure

recovery coefficient and mesh quantity
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Fig.8 Mach number contours of 2 cases at different free stream Mach number ( left: case 1; right:case 2)
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Tab.2 Comparison of two force analyses

F /N FHXF
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2.0 -753 -765 1.57
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different free stream Mach number
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