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Stress deformation, flow field characteristics and shape optimization of
"Y"-type branch pipe with Solidworks
XUE Chao

(Liao Ning Water Engineering Consulting Co. ,Ltd. ,Shenyang 110006 ,China)
Abstract: Both Simulation and Flow Simulation modules within Solidworks software were used to build finite element static and
CFD numerical simulation for a "Y"-type branch pipe. The "Y"-type branch pipe was chosen because it was used for the tunnel
exit of a water delivery project in Liaoning Province. . The results showed that, for the " Y"-type internal crescent-rib branch
pipe, the large deformation is generally located at the intersection of the two branches and the crescent-rib when the rib breadth
ratio is<<0. 12. The distribution was symmetric around its horizontal axis,and the displacement was large and concentrated. The
greater stress was located at the inner center of the rib, the upper and lower sides of the shell near the end of the rib and the
junction of main pipe and branch pipe. When the rib breadth ratio was=0. 24, the large deformation was generally located at the
intersection of the main pipe and the branch pipe on the upper and lower sides of the branch pipe. It was also symmetrically dis-
tributed in the left and right,and the displacement was large and concentrated. The maximum stress was located on the shell,
which was near the end of the rib. The width and thickness of the ribs had little effects on the stress of the shell, the flow states
of the water and the hydraulic loss in the branch pipe. Increasing the width and thickness of the ribs can effectively reduce the
stress of the crescent-rib. The results can provide a reference for the design and promotion of similar branch pipes.
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Tab. 1 Calculation plans and related parameters of branch pipes

A} : mm

JEERE UP B CEA D (i
FRA A R R BT TS o

B CUPIEIE R CUCREARIE BORKUIE UTRGURE UMMM

Al 30 120 850 1 800 2 700 T6 A
R A BHAG TR BERE R AFRE B 0 75 JERKNEE  AFWE AT
A2 30 120 850 1 800 1 000 0. 24
RAAFMIr% D REE A T 5 A A Mt se i 5 ke
A3 30 120 300 0.07
Al 30 120 500 0.12
A5 30 120 1 000 0. 24
A6 30 120 1500 0. 36
A7 30 120 2 000 0.48
A8 30 140 1 500 0. 36
A9 30 150 1500 0. 36
Al0 30 160 1500 0. 36
*k2 BENMRIEFEAN
Tab. 2 Allowable stress of Branch Pipes
W AR IR/ mm Jit MR 4 / MPa SR AE R/ MPa EHOES O FAFRL S/ MPa N 3 DX 35K
Q345 >16~40 335 295 1 12 gi gi ﬁﬁgﬁi%ii

T3 2 P AV I BT BV A BT IR DL R ¢ B L 25 B R o B L. 1,
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Fig. 1 Grids of Branch Pipe
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Tab. 3 Meshing details of A3 program
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Tab. 4 Stress and displacement simulation results of branch pipes A} . MPa
S FEERERKN 1/ SCEERERRN S/ MR RN 1/ U RN T/ ﬂ‘%%%jﬂﬁ@/ i%‘fﬁﬁﬁﬁ/
P J3 {E I3 J1 N3 HE I J3 ¥{E AL {E /mm LA HIME /mm
Al 234.8/58. 46 135.4/57.72 164.1/37. 46 106. 2/45. 72 2.51/0.95 2.53/1. 11
. FEEERERCRN T/ SCERERCRN T/ BERERN/ AFWECRN/, FSCERKRNE/, BATRKRAE/
NI EME [WAESLIER NI E NI EME A H/ mm LA II(E /mm
A2 319.4/70. 42 127.6/58. 46 152. 8/34. 74 175.5/36. 1 2.5/0.94 2.63/1.88
e FEERERIN S/ SCEERERKN S/ AR, A Zﬂbﬂ'ﬁ'ﬂ({ﬁ@/ jﬁ\%ﬂ%jﬂﬁ@/ ﬁ%‘fiﬁtﬁﬁ/
3 ¥ {E I3 J3 #{E NS E R /mm FLAEH{E /mm R /mm
A3 127.2/85. 23 472.5/78. 35 393.8/54. 12 5.24/3.13 3.30/1.73 5.24/2. 46
A4 127.8/84. 66 433.6/72. 43 335. 6/40. 47 4.12/2. 33 2.93/1.79 4.12/2.19
A5 132/84. 48 216.1/65. 68 180. 3/24. 9 2.21/1.12 3.27/1.93 3.27/1.61
A6 135.2/84. 27 169.5/63. 76 156.4/19. 54 1.11/0. 53 3.7/2.02 3.7/1.28
A7 138/86. 53 233.4/64. 36 192.9/18. 85 0.52/0. 29 3.94/2.07 3.94/1. 14
A8 136.3/85. 41 183.5/63. 54 168. 8/18. 57 1.00/0. 48 3.74/2.02 3.74/1. 25
A9 137/85. 49 187.4/63. 64 172.3/18. 16 0.95/0. 46 3.76/2.02 3.76/1.23
Al0 136.7/85. 38 197.3/63. 81 172.8/17. 85 0.91/0. 44 3.78/2.03 3.78/1.23
TE 3% 4 Th 7 LR E S FE A IROC o BT P I 9 s N LR A2 ME
- :
[a ) #4F EF 855 TR = o el W R 1
(o3 ARk Cd) AR
2 MARBERMEAN
Fig. 2 Local stress distribution of A4 programs
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Fig. 3 Displacement distribution of A4 and A5 programs
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Fig. 4 Water flows of A4,A5,A6,and A7 programs
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Fig. 5 Water flow velocity vector and speed clouds of A4,A5,A6,and A7 programs
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Tab. 5 Relationship between the width of
the rib and the hydraulic loss

PIES KKK R AL e

A4HLTERE 500) 0.063 8
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AGUHLFERE 1 500) 0.070 9
ATHARTEEL 2 000) 0.074 3
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(kg/m®) 5 v R E- X3 (m/s) .

MRS ATLLE M. AT 5 A4 LG IR 58 B 38

Jin 300 %6 % iz 7K Sk A5 % ZR B4 i 16 6, v UL Al

T AR X K Sk R Y R AR /N BT DA A

I T
CEFD $UEAR L 2 J5 » 4k F5 & A BR oo #7143 M 2k
A6 TR,
FHL, f A6.AS8.A9.AL0 R &KL E,

AT LA LR 458 - AR R A AR I L B A i AR5
JEE (RSN e v FEE i R, HUA S R kA A
MR PR T 2258 P K R B A A A B
AL0 55 A6 T EE - IAREEBE S T 33 04 X Ik kb
FHEIN 3. 950 AT UL AEE R Y A xR Sk
IR

£ b 2 BROGHE 1 23 B Al CFD B fE AR 8L
NS BURC R SUSSDONA A i & ST = G
%5 A6 JF REE AL WIS S HOR . ILIEL 6.

E
H

il
ES

iy

6 BELRLILGIMAE (ZRELH] 386.558)
Fig. 6 Deformation ratio of Branch Pipes (deformation ratio:386. 558)
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Tab. 6 Parameters of Al and A6 programs

T REIRL/ R U JEg cUTgk i “U R A B gt
Al mm JE B /mm FH 3/ mm K3 @ B /mm K3l & B /mm BERE/ke/ BAF/ m?
30 120 850 1 800 2 700 111 222/14. 168
T REIR/ A A AR/ A A AR TEEE / W BERA TN
A6 mm mm . S ke/ SRR /m?
30 120 1 500 0. 38 72 340/9. 215
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(3) ASCIA 2 Ul 9 5 BE A Ay 9 P45 T ReF
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