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Analysis of ultimate pressure-bearing capacity of cylindrical shells with

rectangular tangential nozzles

CHEN Wei, YU Hongjie, WU Zhiwei, QIAN Caifu
(College of Mechanical and Electrical Engineering,Beijing University of Chemical Technology , Beijing 100029, China)

Abstract: Rectangular tangential nozzles are often used as special process interfaces in petrochemical equipment (such as
multiphase flow cyclone separators) , but their structural strength design has not been clearly specified in design codes such as
GB/T 150.The finite element limit load analysis method was used to calculate the pressure-bearing capacity of cylindrical shells
with rectangular tangential nozzles, and the weakening effects of rectangular tangential nozzles with different dimensionless
structural parameters (width-to-diameter ratio W/D;, diameter-to-thickness ratio D/T', and thickness ratio t/T) on the strength of
the cylindrical shell were investigated.It was found that the cylindrical shell with a square tangential nozzle having a side length
ratio of 1 has the maximum pressure-bearing capacity.Therefore, a limit load reduction factor reflecting the strength reduction of
the cylindrical shell due to the provision of a square tangential nozzle was defined. The influences of the three dimensionless
structural parameters W/D;, Di/T, and t/T were studied, and regression analysis was performed on the limit load reduction factor
based on a large number of numerical calculations.This is helpful for the strength design or safety assessment of cylindrical shells
with square tangential nozzles.It was also found that for the same opening area, the pressure-bearing capacity of the cylindrical
shell structure with a square tangential nozzle is significantly lower than that with a circular tangential nozzle.In other words, the
strength weakening effect of a square tangential nozzle on the cylindrical shell is significantly greater than that of a circular
tangential nozzle.Therefore, from a strength perspective ; using a circular tangential nozzle is more reasonable than using a square
tangential nozzle.
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tangential nozzle
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Tab.4  Verification of regression equation

WD, T DJT WIRH A P/MPa KA R TCAR/% KA 1% AR5 221%
0.19 0.9 90.91 3.780 46.91 49.17 4.82
0.33 0.9 111.11 0.888 84.69 83.40 1.52
0.26 1.4 90.91 4.340 39.04 40.36 3.38
0.36 1.4 111.11 1.768 69.52 67.41 3.04
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Tab.5 Limit load and limit load reduction factor of cylindrical shells with different shell diameters di but the same dimensionless numbers

DD ) B R R AT A e AR PR T

WID; T  DJT Dfmm T/mm

KABRIGHI% KAAE% IR ZE%

P,/MPa P,/MPa
0.1414 05 100 500 5 1.752 6.47 72.92 71.87 1.44
0.1414 05 100 1000 10 1.704 6.47 73.66 71.87 2.43
0.1414 05 100 1500 15 1.815 6.47 71.95 71.87 0.11
02120 075 100 500 5 1.800 6.47 72.18 69.15 420
02120 075 100 1000 10 1.780 6.47 72.49 69.15 4.61
02120 0.75 100 1500 15 1.860 6.47 71.25 69.15 2.95
02828 125 100 500 5 2.802 6.47 56.69 56.68 0.02
02828 1.25 100 1000 10 2.760 6.47 57.34 56.68 1.15
02828 125 100 1500 15 2.808 6.47 56.60 56.68 0.14
03536 1.5 100 500 5 2.580 6.47 60.12 59.02 1.83
03536 1.5 100 1000 10 2.540 6.47 60.74 59.02 2.83
03536 1.5 100 1500 15 2.586 6.47 60.03 59.02 1.68
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Tab.6  Values of dimensionless structural parameters in the

finite element model of square tangential nozzle

ZH il

WID; 0.150,0.186,0.221,0.257
T 0.50,0.75,1.00,1.25,1.50,1.75
DJIT 71.43,83.33,100.00,125.00

®7 ERVEEERRTER D TEREHNSHEE
Tab.7  Values of dimensionless structural parameters in the

finite element model of circular tangential nozzle
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Fig.13  Ratio R of limit load of square tangential nozzle to limit load of circular tangential nozzle
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Fig.14  von Mises stress contour plots of limit load for square
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