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Abstract

Square cylinders with rounded corners are increasingly used in practical engineering. However,
due to the complex flow separation and reattachment states around these cylinders after rounding
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the corners, and the fact that structures in real engineering are situated within the atmospheric
boundary layer, it is necessary to assess the impact of incoming turbulence on the wind load char-
acteristics of square cylinders with rounded corners. Experimental studies were conducted on
standard square cylinders and square cylinders with rounded corners (corner radius ratios of 0.15
and 0.3) in free flow and three grid-generated turbulent fields. An in-depth analysis was carried out
on the influence of turbulence intensity on the aerodynamic characteristics of square cylinders with
rounded corners at different angles of incidence. The research found that turbulence significantly
alters the separation and reattachment characteristics of square cylinders with rounded corners,
thereby affecting their aerodynamic force characteristics. Turbulence enhances fluid kinetic energy
exchange and mixing, leading to increased suction at the leading edge and the formation of separa-
tion bubbles at small angles of attack. It promotes fluid reattachment on the side surfaces and
causes re-separation near the rounded trailing edge, reducing the mean drag coefficient and in-
creasing the vortex shedding frequency. As turbulence intensity increases, the mean lift coefficient
changes from positive to negative and exhibits a “V-shaped” trend with varying angles of attack.
Moreover, as the angle of attack increases, the fluid on the lower wall surface gradually separates
completely, while the fluid on the upper wall surface shows reattachment characteristics, further
altering the overall aerodynamic performance of the square cylinder with rounded corners.
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Figure 3. Layout of measuring points
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Table 1. Grid plate mesh settings and main turbulence parameters
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Figure 4. Variation of aerodynamic coefficients and Strouhal number of square cylinders with different rounded corner ratios
with incident angle under free-stream
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Figure 5. Variation of mean drag coefficient of square cylinders with different rounded corner ratios with incident angle under different
turbulence degrees
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Figure 6. Variation of mean lift coefficient of square cylinders with different rounded corner ratios with incident angle under different
turbulence degrees

E 6. NEHRE TEAFEEIANRBBENG AR HiTZ

3 PSR F11 R D54 P 2471 71 R BN S A AN R AL R AR - 2t 5] 6 P 1A 6 AT %A: 1)

DOI:

10.12677/ijfd.2025.131001

ksl 1%


https://doi.org/10.12677/ijfd.2025.131001

X3 &

1.50 -

1.25 -

1.00 |-

0.75

CL std

025

0.00

-0.25

-0.50

SFFFRUE A, EANSH AR, PR RECRE BT, X R TR AR R B R T 7
BE NI A B0 0 . B T U R AR I, IR S T AR RR O B SR, AT ) R B AR,
WEAE AL BN 107485 7.5°. TER NS MIEH N, Fraimiss s FRerA ) fiva T—5%, #aT%E. 2)
T R/D = 0.15 BRI TAE, BEIRFRERI, FH7t 28 B8, FHBES f Ak Se i/ JE 15K
P, fMEME S FE IR, Eimim NN SRR R 7.5°% 3) ST R/D = 0.3 BEAT
FE, BORHIE St — D3G5 T R GRS, (A1 REC R A UK . BETRLER G N, Py
FFARBHER 5, JERAS AT E “V” B,

3 FAN I £ 2207 A Rk B Tt 77 22 0B NS AEAS R RE T AR At Zean 1<) 7 Bz BRI 7 wl%n: 1)
WRAETT ALK T ) RBAE NI AT IE B O AR, B 5 2R R B I TR s T IA0 8 B P 388 e ik 1)
S DL VR BOBRE R, BRAK T SR Bk sh T+ 1 2% 2) R/D = 0.15 KIB 7 kERK T 77 22 08 N5
BRI BT, FE RN AL TE BIWEAE s I I 5 B2 3 00 3 BUN NS A BB PR, TTAE R NG AR, i
T R AR AR AR, SEEUES . 3) R/D=0.3 FMA AR TP ik
BT 1 BB A GBI R i a P (BNt — P IS IR vk R A B, 5 SO R E P
B, (AR

' 050

1.50 -

=— RID=0.15 B % |] =— RID=0.3 B |]
" ®— RID=0.15 1,=6.2% o RID=0.31,=6.2%
o\ 1.25 A—R/ID=0.151=83% |1 125 A— RID=03 1,=8.3% |1
| v R/D=0.151,=12.4% v— RID=03 [,=12.4%
N\ 1.00 o o . 1.00 |-
N\ L °
L N \ ° 14 = ° °
:'O/i‘ S 4" 3075 //" ¢ T~y 3.075 A
¥ N N A s Ol - . s
\ a. /‘ s / B - o » .
\ e g 050 | o V.4 0.50 | s g
- — - s ".,.f ° o ‘ v
2 o* ¢ P P S
0.25 s 0.25 / A
S B L
S S S S [Py S S S S S S T By S S S S S S
-5 0 5 10 15 20 25 30 35 40 45 50 -5 0 5 10 15 20 25 30 35 40 45 50 -5 0 5 10 15 20 25 30 35 40 45 50
() al(?) al()
(a) R/D=0 (b) R/D=0.15 (¢) R/D=0.3

Figure 7. Variation of fluctuating lift coefficient of square cylinders with different rounded corner ratios with incident angle under
different turbulence degrees
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Figure 8. Variation of Strouhal number of square cylinders with different rounded corner ratios with incident angle under different
turbulence degrees
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Figure 9. Mean wind pressure coefficient of square cylinder with different rounded corner ratios at 0° angle of incidence under
free-stream
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Figure 10. Mean wind pressure coefficient of square cylinder with different rounded corner ratios at 0° angle of incidence under
different turbulence degrees
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