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Optimization research on deflectors installed in right-angle bend tube

with rectangular section
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Abstract : In order to improve the flow field uniformity in a right-angle bent tube with rectangular section, the fluid flow in
the elbow was numerically simulated by FLUENT software. The effects of the uniformity of flow field and local resistance
and energy loss in the elbow were analyzed by using different quantities and structures of flow deflectors. The results show
that the velocity distribution is not uniform, vortex and secondary flow occurs when the flow deflectors are not installed in
the elbow, while the uniformity of flow field can be effectively improved after arranging the deflector plates; using a rea-
sonable number of baffles can not only effectively improve the flow field uniformity and completely eliminate the vortex and
secondary flow caused by the right-angle elbow, but also greatly reduce the flow resistance and energy loss. Through the
numerical simulation analysis of the deflectors of three different design schemes, the optimal number and structure of the
deflectors are obtained.
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Fig.1 Geometric model
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Tab.1 Flow field uniformity index and inlet and outlet

pressure drop at different inlet velocities

UNEE ;74 B AR AR 2/ %6 HEH O E

(m-s™") ZHEWH 1 SHRH2 SHRH3 /P
5 65.49 62.02 50.45 22.23
10 72.04 64.18 56.28 92.96
15 64.64 65.24 57.60 216.41
20 73.45 65.22 54.82 369.23
25 72.68 64.73 58.65 604.52
30 72.84 66. 67 59.71 877.36
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Fig.2 Speed distribution cloud and streamline

diagram without deflectors
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Fig.4 Schematic diagram of the installation of five

equally spaced arc deflectors
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Tab.2 Flow field uniformity index and inlet and outlet

pressure drop in design scheme 1

SRR THLRE AH X BRI 22/ %% RO
R sERE SEHRE2 SHRE3  H/Pa
0 64.64 65.24 57.60 216.41
1 55.91 49.37 29.54 96.07
2 45.50 45.00 25.73 81.36
3 43.15 36.44 22.94 72.09
4 44.50 34.04 22.18 69.51
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Fig.3 Streamline diagram on each reference section
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% 8
SR AL AH bR IR 25/ % PO
BAR sERE SERE2 SERE3 /P
5 44.11 29.36 20.79 64.83
6 44.91 29.83 20.27 62.59
7 46.00 27.52 19.54 60. 05
8 45.16 26.12 19.40 63.01
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Tab.3 Local resistance coefficient o). in design scheme 1

E’F%tfgj& pr,_,/Pa pr,_,/Pa (I:Tl ’sl_/l) Loge
0 -3.66 -271.59 15.01 1.942
1 -2.49 -175.31 14.99 1.256
2 -2.53 -142.06 14.99 1.010
3 -2.52 -124.59 14.98 0.888
4 -2.51 -117.90 14.98 0.840
5 -2.51 -109.48 14.98 0.778
6 -2.50 -104.79 14.98 0.744
7 -2.50 -98.41 14.98 0.698
8 -2.50 -100. 11 14.98 0.710

H1¢ 3 AT LUE Y, A B IUE S AR B R A B
TR JRIERBE ) 2 E Lo AT IS, Loo- DN 1. 942 35
/NEE0.698 ~1.256; UL AR 1 Hekigm
7 B, Lo M 1.256 J8/NEI] 0. 698 5 4 3IUE il
SN 8 BT 2.t/ HEIE BT, . 0. 698 58
#0.710, BB IE 90° 245 4 kb Al & UL &
AU AT LS i 3l , /) e XA
X A AT LSRR G s 1k . B 0
TE PSR R, Looe ST IR/ IR $E TN, 1 BA 2
1 2 (0 T AR 2 BELRSHR MA  2ly , ( R REL g
PR 5 AR 2SS A A i RS 1Y) S R, DA IR B
AR IR AR o

i 5 YUlOE- S AR 805 73 A1 2= B R 2k ]
WA S s, & Sa el DL H 34 Aol L
AR/ N B B e X (O Y R i — 2P
i/ AT R I — L UEE . &S A LA
AT E ORI AR J5 , K P B BN A7 TE i

UL, ANaet 0 DX SR S AN, B IO 3
VAR A & AT DL R Y, PR R DT . fy T A
BIUE SRS K BAE BN IS A I, T EL A
2 13 2 19 2 75 O JE AR X bR v e 22 2R T
15% , UL WISIOE 3 3 ARo0 T 203 A B8 N
SIERAFAEA L , T XTI A T L BT

10 12 14 1B 18 20 22

a MR

a Speed distribution cloud map

b gk

b Streamline figure

5 HESPIESRREEESHZEMREE

Fig.5 Speed distribution cloud and streamline

diagram after installing five arc guide deflectors
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Tab.4 Flow field uniformity index and inlet and outlet

pressure drop in design scheme 2

SR LR AH B A 25/ %% PO
AR sEHEE SHREM2 SHEm3 /P
4 5.75 7.07 7.54 54.25
5 6.97 5.78 6.81 53.20
6 6.88 6.27 7.27 52.66
7 7.53 6.29 7.35 52.11
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Tab.5 Local resistance coefficient o). in design scheme 2

%%tfgjﬁ( pr_y/Pa ppy ,/Pa (:lTi :,/1 ) Looe
4 -2.83 -74.76 14.99 0.523
5 -2.74 -64.03 14.99 0.445
6 -2.65 -56.39 14.99 0.390
7 -2.62 -51.02 14.99 0.352

TR, AT A ROt N AR R R R Sl
PR T UL ARE ST, R BN 1A T8 N
T, AACF B B S S T RE R 2 B
il 6b ATLUE - A BB S AR , K- B
BRE I X H %, W 5 1) BELE X T o, 42
R AL AR D AR A e P VR

a W=

a Speed distribution cloud map

b Uikl
b Streamline figure
E6 HmESHIMNERSRREEE
S EfR L
Fig.6 Speed distribution cloud and streamline diagram

after installing five arc straight deflectors
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Tab.6 Flow field uniformity index and inlet and

outlet pressure drop in design scheme 3

SRR A XS bR A 22/ % HE R
B %R B5RE2 %R /P
4 5.45 5.92 7.37 41.58
5 4.77 6.20 7.18 40. 86
6 5.16 6.10 7.08 42.58
7 5.24 6.68 7.12 44.65
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Tab.7 Local resistance coefficient o). in design scheme 3

Efg/fg(fﬂl P/t :}T' _sl-/‘ e
4 —412 -56.97 1503 0.382
5 -3.32 -49.01  15.01 0.331
6 22,99 -44.39  15.00 0.300
7 S2.82 -43.02 1499 0.291
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Fig.7 Speed distribution cloud and streamline diagram

after installing five straight arc straight deflectors
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