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Numerical Investigation of Comparing Annular with Linear
Distribution Flow Pipeline in Chemical Laser

JIN Dong-huan , LIU Wen- guang , CHEN Xing , LU Qi-sheng , ZHAO Yi-jun
(College of Opto-electronic Science and Engineering, National Univ. of Defense Technology, Changsha, Hunan 410073, China)

Abstract: Distribution flow pipeline used in cylindrical chemical laser is composed of an annular general pipeline and a limited
quantity of branch pipelines that are connected with the inner or outer circular arc of general pipeline. lts structure and flow field
characteristics differ from those of linear distribution flow pipeline used in conventional chemical laser. Flow field characteristics of
above-mentioned three kinds of distribution flow pipelines were analyzed contrastively based on three-dimension computational fluid
dynamics methods. The numerical simulation results demonstrate that total pressure of general pipeline in linear distribution flow pipeline
is higher than that in outer-circular-arc annular pipeline, but lower than that in inner-circular-arc annular pipeline. Both distribution
flows of branch pipelines and secondary flows produced in annular general pipeline can excite radial velocity on the section plane of
general pipeline. These phenomena enable the gas flow of general pipeline to have remarkable three-dimension characteristics. Mass flow
rates of branch pipeline outlets are higher and higher along the direction of main gas flow movement. Its trend is contrary to upward
tendency of total pressure in general pipeline, but is similar to downward tendency of static pressure in general pipeline. By comparison,
Mass flow rate fluctuating amplitude of branch pipeline outlets in outer-circular-arc annular distribution flow pipeline is smaller than that
in linear distribution flow pipeline, and the amplitude in inner-circular-arc annular distribution flow pipeline is the biggest of the three.
As a result, outer-circular-arc annular distribution flow pipeline is of advantage among the three methods in distributing uniformly gas
flow, while inner-circular-arc annular pipeline is the lowest and the linear distribution flow pipeline goes between the other two.
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Fig.1 Computational models of three kinds of distribution
flow pipelines
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Tab.1 Boundary conditions of computational models
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Fig.3  Velocity contour distributions on the symmetry
plane of general pipeline
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Fig.4  Velocity vector field on the section plane of general pipeline

I LA R 1 S BB IR EE A 1 K
J& o T SO R R B ERE , WT LA FR R S U
PRI R oo P W T 1 S 2 P A
MIEL 5 s g B P el DUA L B O
BT T N Bl , e 2> 12 8 b TR AR T
FEHL, FOEMAEE [ S AR A M2 4
(9 T 1) 55 SR8 0 T LR R e it O [ A T
BB BRI R A P AR s SO A
BT /EVE AR A AMIN 1 25 7 A ) — R 7 17 45 3¢

IRV HE R T T AR R, 2 B A
SR A BT R R

SRV TE Y AR R S Bl A5 SR R
WMo &6 4 T il E I A SO SR IR o
fiso N 6 Hral UG i, 20 i 8 45 SR TR T
ST HEA P ETRRY . NE 2 [ 6 Xt ok
F, BT 5 A AT AR, 1
HEER SR BB s ER R,
SO VAR A 3 gk B, A A 3K 2k 3 S



© 42 - (EE TR S S AN e

2011 4F

7000 \‘

N .

6000  hgoe” \
4 LN N
— .
% 5000 Y s
: RS
g 4000 \y 4
z
2 . .
< 3000+
> —m— linear

2000] —®— annular I

—a— annular 1T L—
1000 . : . . . . . .
0.00 0.02 0.04 0.06 0.08

distance from Inletl / m

KI5 BV A ibs i P (R 2%
Fig.5 Mean vorticity magnitude curves on the section
plane of general pipelines

AR, BERF A 550 15 O A U e T
SVE N BB T2 B U BV R Z T ) B, SRl
25 RVEZTE B A8 4 S A AR A SR BORE
A EAL BSOS A S L R
T = O, SN LR A 3, AR, P B 45 i
R AWK L SO, URAEIEEE 1 Wi
I A S 0 ) 7 1) 5 S T Eh I [ AR R X
SCE R A e HEVE T, BV A BT, A R
PR AR S0 )R X b e HEAE AL — 28
SIRAEIBAEIE 1| Wi sl 7 AR R8s .0 J1 07 0] 5
SCRETBNTT TR AH B, % S AT BEL A, il
BELAS-AE FH QLR SV A BRI SO WA — 28, Xl
TR TSR AR W Y SO, BRR 0 R E LY
Tk L EIE M A R, BB A E 1T I EIE
SRREIE/N . NI 6 Hd Al T S RO
BAL, BENARE L, B0 IER AR, H
WA TE 1 0B s e A B
EIRIE I3 A 8 1 AH L B A 1) SR8 T A P2
B KRR = SRR IR
A, BRI 1 S8 L R R X O

0.05644 T L S L R A N
]
J m— —u 4
0.05642 N l\.xk >(>l "
- 0.05640 ’\./ / /A‘A o—o AIA\ \\./0
o P ./ \.
22005638 AT A, e .
2 u \l
s 0.05636 * ‘/ \\‘ E
% - -
=
% 0.05634 s .
g
0.05632 e
0.05630 1 —m— linear 1
—e— annular
0.05628- 4 —a— annular T 4

0 2 4 6 8 10 12 14 16 18
Outlet number

Ko S H H A1

Fig.6  Mass flow rate fluctuations of branch pipeline outlets
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Tab.2 Relative fluctuation ranges of mass flow rates
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