a6 % T 2/ M Fx % W Vol. 46 No.7
202547 H Chinese Journal of Scientific Instrument Jul. 2025

DOLI: 10. 19650/]j. cnki. ¢jsi. J2513847

K 012 7 48 7T B Bk orp 3 38 i B Bt ol B M BB VA

AR, E L, ENE FHEL EHAH
(KAt NS ) A TSR E K 300350)

W OEOVRERIG ARSI ST, SeiE R S AL B S TR B AR B R bR B R AR S OGS PR T —E R AR
TSCST 45 F5 . I & AR HUIRESH AL & IR, AT T 36 . 2, it T —Fh B4 29 WG 38 3 5 60 28
TR A SORAT TR K O R R BT B )2 e M T A R R M R R B Y ML R A, BEE R T
BT AR R B, B T IR ERRIEIR B R R G, LSO S AR (R R ZE AR SRR S A
SRR HERE R T 5 BT, O BRI L 0 R R T B Z R0, T T AR 210 mm B K B AR SRS BRI 3R Sl BOi I A A5,
E MM K D RIGF RS 2 —, BT LRI, 88 T WA Ak R M E R &, E RS TR T &
SRR SR T IR A B RO A R AL RE F7 . AR R O A A R O AR BT T SR T AR Y R T i 4 T
KB AT IA 14. 5 ms ;s 0 REE 0 W F S 1 00 b B G EE ) A0 T8 MR A5 48 0D A8 09 IR T 380M 5 S0 3 S 45 M ol
TR RSO EARNK MR 10 174 ZR IR 2R B A 0 A A R A R | ) R R R | S A B
i AR ZE SRR SRR P R P AR A Dy T R A €, Ry v TR T 55 U 3 N A R AR e 2 I B ) 2 B AR SR AR AL T R S
7 L

SRERIA BRSO s R I A TR s RS B R 5 R R AR R

fE 4SS THT3 SCHERERIZED: A E RAR e F R 5> ZE4CRD : 460. 4030

Development and performance evaluation of a large-diameter
single-pulse converging shock tube

Bai Shijie, Wang Kun, Wang Minglei, Li Shilong, Liang Xingyu

(State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China)

Abstract:To explore the key parameters of spray flow and fuel combustion characteristics under critical or supercritical pressure
conditions in advanced engines, a novel TSCST experimental setup was developed. The main components include a mechanical structure
and an integrated gas flow system, featuring several innovative designs: First, a shock dumper with multiple diffusion channels replaces
the conventional single-pulse shock tube dump tank, effectively regulating secondary pressure rises caused by additional shock pulses.
Second, leveraging shock wave dynamics theory, a three-dimensional converging structure with a specialized curved contour was
constructed, substantially enhancing the intensity of the reflected shock wave. Third, an aerosol inlet end cap structure was designed to
precisely control the injection of gas-phase fuels as well as low-saturation vapor pressure, high-boiling point, or multi-component complex
liquid fuels. Finally, to reduce wall boundary layer effects, the shock tube features a large diameter of 210 mm for both driver and driven
sections, making it one of the largest external chemical shock tubes nationwide. Extensive repeatability tests under single- and double-
diaphragm conditions have validated the shock wave generation and enhancement capabilities of this setup. Results show that the large-
diameter design produces near-ideal pressure profiles lasting up to 14.5 ms. The converging contraction section increases the Mach
number of planar shock waves by a factor of 1. 6. Additionally, the shock dumpers reduce the pulse pressure of secondary reflected shock

waves by over 20% compared to traditional dump tank designs. Overall, this innovative shock tube system exhibits excellent performance
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in generating high-intensity shock waves while suppressing additional shock pulse effects, offering a powerful experimental platform for

investigating high-pressure spray flow dynamics and fundamental combustion reaction kinetics.

Keywords : single-pulse shock tube; aerosol shock tube; converging shock tube; secondary shock dumper plate; high pressure

combustion properties
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Fig. 4 Physical photograph of the single-pulse converging shock tube test setup
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