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Pressure Drop in a Helical Square Duct
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Abstract

Pressure drop at a helical square duct orifice is numerically evaluated. The orifice is installed at the

entrance of a once-through steam generator tube to suppress flow instabilities. The calculated results are

compared with the available experimental correlations, and showed good agreement. Effects of curvature ratio
and characteristics of the secondary flow with Reynolds number are reported. Through the numerical
simulations, pressure drop mechanisms were well understood inside the compact and complicated orifice

geometry.

JzMdY
a hydraulic radius of the duct, m
d duct width, m
D diameter of a coil helix=2R, m
D, hydraulic diameter of the duct=2a, m
De Dean number=Re(a/R)"*=Re(D/D)"*

JA curved-duct Fanning friction factor
=%/(pUn'/2)

f straight-tube Fanning friction factor

H pitch, m

Re Reynolds number=pU,, D,/1t
") nondimensional pitch=H/(27R)
A curvature ratio=a/R
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Fig. 1 Geometry of a orifice
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Table 1 Grid dependency test (Re=5125, A=0.2419,

8=0.077)

AR (DR x S Y Ap(Pa)
400x150 1917.07
900x150 1854.12
1600x150 1853.36
900x300 1855.66
1600x300 1855.01
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Fig. 2 Grid system

31 dEZaete Hin
Huang  Gu[8]= WAE AMAHECA
& =) AEE 8

tﬂi}*ﬁ%ﬂf’% e

Fig. 3 < Huang & A38Z %} & #2842 %5

lmatgdeh 29 3 & Ad WA £ 7 Dean
Fol wet FAFE RFm Qo w4
4 Azl ARATRI Ao wkaA webrtm
A& & F AT 371M f(=16Re)E ABANA
o] spaA S0l T}

DD N ®OOo
T

[ ] Exp.
D/d=10(Present) n 1

T
w

1 1 1
1000 2000 3000 4000 5000
De

Fig. 3 Comparison of a relative friction factor
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Fig. 4 Axial velocity and secondary flow pattern; A=0.1210, 8=0.077; (a)Re=51.2; (b)=512.4; (c)Re=1024.8
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Correlation
D/d=4.13(Present)
D/d=8.26(Present)
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