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Research on the drag coefficient of particles with different shapes
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Abstract: The resistance characteristics of aero—engine high-altitude ice crystal particles will affect the movement
of ice crystals. In order to explore the influence of different shapes of ice crystals on the drag coefficient, the paper
adopts the method of high—-speed camera tracking to investigate the drag coefficient of spherical particles and non—
spherical particles (long cylinder, short cylinder and disk). The Reynolds number and drag coefficient of different
particles are obtained according to the velocity of particles at uniform velocity, and the correlation formula for calcu-
lating drag coefficient of different particles in the working condition range is obtained by fitting experimental data.
Finally, the correlation formula is verified by using experimental data other than fitting data. The results show that
the Reynolds number ranges from 3 961 to 24 144. The average relative error between the calculated and experi-
mental values of the four particle resistance coefficients is less than 5% .
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Fig. 1 Schematic diagram of the experiment
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Table 1 Geometric parameters of particles

VKA IE AR HAD/mm  KJEL/mm i m/ g
K [ B 4.04 28.06 2.941. 985
Ja [k 6.00 10. 00 2 360. 665

=3 27.68 4.46 2 542. 225
Bk 25.11 10 252. 065
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Table 2 Gravity and buoyancy of different moving targets
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drag coefficient of different particles
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Table 3 Different particles fitting parameters
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Table 4 Average absolute errors of particles with
different shapes

RLFIEk PR/ % || KBTI R R/ %

K I8 0.47 54 £ 0.19
58 150 0.17 ER IR 0.09

M 4TI LUE ) BRI 005 (55 52 30 (B AY 1R
ZERE/IN MR B AR R 22 RO, E R TR A A
v AR P Y BE ) A RS D e AR B R R

FLOR 25 AR (9 0K R 88, oKl L 1 19 RS

SrAR/ANEDLROR KEDLE & 2 TR0k, Bk
RS ER T N IR | S 70 B N ' LI M 3 2
B ] e % A5 400 09 7 18 B0 1Rl Ry 3 961~24 144, fig
i WA 5 150 pm A _E vk i TR o A0 L, E AT Sk
A A KU A K R AR K 150 pm™ L
Pz T W B BN B RO R A S % A
N A E -

4 & ®

1) FEWF I8 RN R IR B F T 98 2 A2 o 56 F 7 i
BORBH 7 7 806 R ) B T 2% SRR 1 B R %
BH S 2B e 2 A1, 38 T B2 R K AR H A B X
BH 1 R B 52

2) TV ECTE O 3 961~24 144,75 B i &
ZR B Cp=ae™  a b AR F IR KA L
FEERA LS

3) i 3 6 F TR B [R)RL 17 25 A R
2, 5 AT b A, R TR B B
3961~24 144, fH 1 ZEC R A JEE Y.

5% ik

[1] MASON J, STRAPA W, CHOW P. The ice particle
threat to engines in flight[C]// 44th ATIAA Aerospace Sci-
ence Meeting and Exhibit. Reno: ATAA, 2006: 206.

[2] FLEMMERR L, BANKS C L. On the drag coefficient of a
sphere[ J]. Powder Technology, 1986, 48(3): 217-221.

[3] ABRAHAM F F. Functional dependence of drag coefficient
of a sphere on Reynolds number[J]. The Physics of Fluids,
2003, 13(8): 1-11.

(4] ¥R, skE, Bk, % UKEE PR ikiE 312 ) ek sy
Bridl. =N Tl BesA4i , 2020, 27(2): 1-8.
XU Wei, ZHANG Fei, LI Yunfei, et al. Analysis of force
characteristics of ball movement in water supply pipeline
[J]. Journal of Lanzhou Institute of Technology, 2020, 27
(2): 1-8. (in Chinese)

[5] ZHRI, WAL, HLAIA . BRIE WUR PR 45 2 18 25 F4 78 3t 1)
WA LCL/ 55— 8 2 B A ) 2% =R ®
Il s EfES 24, 2020 910.
CAT Zhenggang, PAN Junhua, NI Mingjiu. Evolution of
the sudden stop wake vortex structure of spherical particles in
the flow direction magnetic field [C]// 11th National Fluid
Mechanics Academic Conference. Shenzhen: ATAA, 2020:
910. (in Chinese)

(6] Zwe . & ik Wk b S ek 8 UKL B Ty 3= B 52 90 DU
[D]. R ErhRHRE, 2014

MATI Junyu. Experimental determination of drag coefficient



%2

X 3 55 A5 < S [ R BR OR F) BEL T3 2R RS 50 BT 5 41

[7]

[8]

[10]

[11]

[12]

of single spherical particle in still liquid [D]. Wuhan: Hua-
zhong University of Science and Technology, 2014. (in Chi-
nese)

BXER T RE ORS00 R BUEETE (D] BUM - R
LK%, 2016.

ZHAO Hui. Direct numerical study on flow characteristics
of particles near the wall[D]. Hangzhou: Zhejiang Universi-
ty, 2016. (in Chinese)

JOHNSON T A, PATEL V C. Flow past a sphere up to a
Reynolds number of 300 [J].
1999, 378: 19-70.

Journal of Fliud Mechanics,

JERRY G B. The motion of ellipsoidal particles in a viscous
fluid [J].
A-Containing Papers of a Mathematical and Physical Charac-
ter, 1922, 102: 161-179.

BATCHELOR G K. The stress system in a suspension of

Proceeding of the Royal Society of London Series

force free particles [J]. Journal of Fluid Mechanics, 1970,
41: 545-570.

EH . X R ] #% 3l Y B BL — 4E Navier—Stokes J5 72
[D]. &M hEPEE AR K, 2022,

WANG Wei. Stochastic two-dimensional Navier-Stokes
equations with region moving over time[ D ]. Hefei: Univer-
sity of Science and Technology of China, 2022. (in Chinese)
WADELL H. The coefficient of resistance as a function of
Reynolds number for solids of various shapes[J]. Journal of
the Franklin Institute, 1934, 217(4): 459-490.

FABIO D, DANIELA M. A new shape dependent drag cor-
relation formula for non-spherical rough particles experi-
ments and results [J]. Powder Technology, 2015, 277:
222-230.

VLA, Wh 2008, VR [ A BRI 22 AL A 018 A % 3 A 7K )
HEAHLCL/ % b EE () TR RIS
L), L RS, 2022: 7.

JIANG Mengjie, HAN Yiming, XU Guodong. Hydrody-
namic analysis of the flow around a cylinder with additional
porous media[C] // Proceedings of the 20th China Marine
(Coastal) Engineering Symposium. Zhanjiang: Chinese So-
ciety for Oceanography, 2022: 7. (in Chinese)

FEAE, BRI, TRWIAR, F . RER T ECT AR AR I A
SR AE AT ], F R R (AR , 2022, 35
(4): 47-52.

LU Yan, HAN Xiaoshuang, XU Minglin, et al. Numerical
simulation of flow around a series of cylinders with different

diameters at low Reynolds number [J]. Journal of Qingdao

[16]

[17]

[18]

[19]

[22]

[23]

University (Natural Science Edition) , 2022, 35 (4) : 47—
52. (in Chinese)

FAREE . AN AR E R E R D], Al
AL AR R, 2018,

WANG Chenxi. Study on the dynamic characteristics of ir-
regular sand dust[ D]. Nanjing: Nanjing University of Aero-
nautics and Astronautics, 2018. (in Chinese)

BIES] . LT Fluent BR80T AL S8 L 0 345 PR B (e
BBEFEID]. M Bk, 2021.

TONG Xiaojian. Fluent—-based numerical simulation of flow
characteristics around a cylinder at low Reynolds number
[D]. Yangzhou: Yangzhou University, 2021. (in Chinese)
STABNIKOV A S, GARBARUK A V. Prediction of drag
crisis on a circular cylinder using a new algebraic transition
model coupled with SST DDES [J].
Conference Series, 2020, 1697: 012224.
OOI A, CHAN L, ALJUBAILI D, et al. Some new char-

Journal of Physics:

acteristics of the confined flow over circular cylinders at low
Reynolds numbers[ J]. International Journal of Heat and Flu-
id Flow, 2020, 86: 108741.

HRUHEF , WRIGEHE , sRALNG | 25 KT T BT AR A BROE ORL
HERYREL T R ELLT]. P EBMA SR 2004(3): 6-8.

ZHENG Haitao, CHEN Xiaohui, ZHANG Liming, et al.
Resistance coefficient of tubular non spherical particle group
at low Reynolds number [J]. China Powder Technology,
2004(3): 6-8. (in Chinese)

I BROW 010 — [ i AR URL R DT (B ) R
VR VR T]. S5 AR T2 B2 4R, 1991(1) : 1-3.
ZHANG Bin. Sinking velocity, resistance coefficient and
Reynolds number of spherical and cylindrical conical suspend-
ed particles [J].
1991(1) : 1-3. (in Chinese)

XSHR . AEBRIR R By R B LB AFSE D], dest:
AR, 2018,

DENG Fanhao. Experimental study of the spherical particle

Journal of Jilin Institute of Technology,

drag coefficient [D].
leum, 2018. (in Chinese)
KAMEL A K, EDDIE I. Mixed phase icing simulation and

Beijing: China University of Petro-

testing at the cos icing wind tunnel[ C]// 41st Aerospace Sci-
ences Meeting and Exhibit. New York: AIAA, 2003:

132-148.

(448 : S #f)



