Applied Physics I F##E, 2025, 15(10), 741-753 Hans X
Published Online October 2025 in Hans. https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2025.1510078

R MR ARG AR R

WER, &% &
U)Kz RBHE S TR AR, D)1 Rl

E2

Wk H . 20254F8 H21H: FAHER: 20254F9H22H; KA H: 202549300

wm B

NTSEDM R AR, RE THREER, EEL UTEIBESRABERRIE, BRI EEDIN®E
RSB G SHE DR E R RN IS . BAEREHH KNS ESERSRRE. B
K. BEREFRFHSE, PASHEBEANELREHMENER. EASHERZER, XEHEBEE
REBRIX By B LA TR5RA M . A SCEEX AR SR B R IR R AR RLEAT T BUEE R 7T
RERRY, AAHRNREH FBTEE R, 1855 H 76 5 R IR XUE A X Hoth RS AR KU
EAFRNFEERERYE. SEHARERY, FDREBRENER. B—HH, RUREEKEMESsET
B THK S ERBSB RS . HRH18M24 K E AN KRR RERBHBEZ 7. BT
H A B BB, XU RS 3R B A (3 g 38 0, (ER7EHEEIT3000 rpmif A& HHH—5H
.

XKiEia
BVRE, BEE, 0w, REHK, BEE

On the Evolution Characteristics of Internal
Vortical Structure of the Cross-Flow Fan

Jiayuan Ju, Lei Gao*

School of Aeronautics and Astronautics, Sichuan University, Chengdu Sichuan

Received: August 21, 2025; accepted: September 22, 2025; published: September 30, 2025

Abstract

In order to achieve wing lift and drag reduction, and improve aircraft efficiency, a cross-flow fan is
embedded at the trailing edge of a traditional aircraft wing. The cross-flow fan accelerates low-
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momentum fluid and exhausts it from the trailing edge to obtain extremely high lift and thrust. The
number and speed of blades in a cross-flow fan can affect flow field parameters such as airflow rate,
total pressure ratio, and total efficiency. The position, velocity, and pressure distribution of vortex
structures in different parameter designs vary, and the overall performance of the fan is strongly
correlated with these flow field data. This article conducts numerical simulation research on cross-
flow fan models with different blade numbers and speeds. The research results indicate that within
the selected range of fan blade numbers in this article, the cross-flow fan with 18 blade layout has a
higher mass flow coefficient, total pressure ratio, and flow coefficient compared to cross-flow fans
with other blade numbers, thus having the highest overall efficiency. On the other hand, an increase
in fan speed will result in an increase in the total pressure ratio for all blade count conditions. The
flow coefficient of the cases with 18 and 24 blades also increases as the speed increases. Except for
the case with the minimum number of blades, the overall efficiency of the fan increases with the
increase in speed, but there will be no further increase when the speed exceeds 3000 rpm.
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Figure 1. Schematic of the classical cross-flow fans configuration [7]

1. HAER K BT RREE(7]

DOI: 10.12677/app.2025.1510078 742 N


https://doi.org/10.12677/app.2025.1510078
http://creativecommons.org/licenses/by/4.0/

B, =&

N REAU X R SE 4 S TR R, I TR KU P RE R B TS B A L B E R
VR X B TS 00 HE R BEA R RSN o R XU e A 028 T P D 2 vk M A7 B A 5%
(IAhFE AL — R EE AL, A 1 Fos . B XU LA KRR R 0 RO R S S5 A
Bz BT AL BRI B ATUR[S] (6] A 4b, AR RMEIA XU AR 25 S M 32 1) T 9%
VE71-[10] e B ENL IR bt 3 A PR AT R, BIRS 3 AT 8340 )R 5 RN SUBER AU B, ILIA] 2(a)
AIE 2(b)o I TR WIHHN S R R R A Jo R SR 2 2 R T 0 2 O 7 A 3 40 "L RE 0, LA 0y
AT ARG — P I E A e R e AT SR HERE AR . B TSRO AE/NE T, B X
J 3 AT UAHE S R AR L X SR AL B S AT M ), 3R RAT A AE KA AR 25 A T s Mk e R B P
1o RFPBLEADERTE T AT SIERE, BOHTE AT AN RGBT B S55 7 17)

>
/é\’\”) _ HRATL
(a) “??*,{K 7~ (b) RN

TS

\\;@
H [RyREER

(S \\g/

[EEER

=0

Ko

Figure 2. (a) Fan-wing configuration [11] and (b) Embedded cross-flow fan airfoil configuration [4]
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Figure 3. Sketch of geometric characteristics and flow domains of the cross-flow fan
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Table 1. Main parameters for the cross-flow fan simulation

F 1. ERKERERURNEES HRE

A M H () i o (rpm) MG U, (m/s) FHiiH Re
C12 1k 12 1000 15.71 3.22x10°
C12 2k 12 2000 31.42 6.45x10°
C12 3k 12 3000 47.12 9.67x10°
C12 4k 12 4000 62.83 1.29x10°
C18 1k 18 1000 15.71 3.22x10°
C18 2k 18 2000 31.42 6.45%x10°
C18 3k 18 3000 47.12 9.67x10°
C18 4k 18 4000 62.83 1.29x10°
C24 1k 24 1000 15.71 3.22x10°
C24 2k 24 2000 31.42 6.45x10°
C24 3k 24 3000 47.12 9.67x10°
C24 4k 24 4000 62.83 1.29x10°
C30 1k 30 1000 15.71 3.22x10°
C30 2k 30 2000 31.42 6.45%x10°
C30 3k 30 3000 47.12 9.67x10°
C30_4k 30 4000 62.83 1.29x10°
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Figure 4. Sliding mesh setting and boundary conditions
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Figure 5. (a) Pressure coefficients and (b) velocity profile distribution at exit plane for three different mesh sizes
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Figure 6. The pressure coefficient contours (left) and vorticity coutours (right) of the cross-flow fan flow field at a speed of
4000rpm. (a) 12 blades; (b) 18 blades; (c) 24 blades and (d) 30 blades
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Figure 7. Cross flow fan outlet velocity distribution. (a) 2000 rpm; (b) 4000 rpm
E 7. R EL OSEEE 2%, (a) 2000 rpm; (b) 4000 rpm
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Figure 8. Flow coefficient and total pressure ratio for cross-flow fans with different blade numbers at a speed of 2000 rpm
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Figure 9. Blade torque of cross-flow fans with different blade numbers at a speed of 2000 rpm
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Figure 10. Total efficiency of cross flow fans with different blade numbers at a speed of 2000 rpm
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Figure 11. The (a) flow coefficient; (b) total pressure ratio, and (c) total efficiency of a cross-flow fan at different rotational
speeds
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