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Characteristics of Branching and Confluent
Flow in Rectangular or Round Ducts

by
Osamu NAGATA, Mikio ONAKA and Kenji YAMANE

Abstract

In order to make a plan of water (or oil) pipe or air duct, it is necessary to know the energy
losses of divided or confluent flow.

T-cheeses of one smooth acrylic pipe, three rough spiral pipes and thirteen kinds of smooth
acrylic rectangular branch take-off of different form were tested to know the total energy losses
of main and branch flow. The experimental values were quite agreed with those by Vogel,
Kasai, Oki and Sato. Theoretical equations were derived from momentum theory as the function
of branch duct area ratio, straight duct area ratio and velocity or flow quantity ratio. The
theoretical values were quite agreed with the experimental values except for the case of confluent
main flow of standard branch take-off.

The theoretical equations are as follows.

C=m"2g*—2m’ (m’ —k cos e)g+(m’'—1)2
n=02—2k cos(§—c)v+1
L= (m"2—2m’ —2mk cos ¢)q>—2m' (m’ —2)q+ (m’ —1)?

77/=(1__ Zk::se . 2:::'2/ >ﬂ2+ 42/ v+1—2m’

where  : energy loss factor of main straight flow of divided flow {=(E\—Ej)/Ev,}
n : energy loss factor of branch curved flow of divided flow {=(E,—FE,)/Ey}
{’ : energy loss factor of main straight flow of confluent flow {=(E\—E;)/Ev;}
7’ : energy loss factor of branch curved flow of confluent flow {=(E;—E;)/Evs}
m : branch duct area ratio (A,/A, for divided flow, or A3/ A, for confluent flow)
m’ : straight duct area ratio (A4,/A4; for divided flow, or A;/A, for confluent flow)
: flow quantity ratio (Q./Q for divided flow, or Q,/@Q; for confluent flow)
: velocity ratio (V,/V, for divided flow, or V,/V; for confluent flow)

;e D

: velocity factor at divided (or confluent) point
: angle between the direction of branch flow at divided (or confluent) point and main
duct

[

0 : angle between branch duct and main duct
E : total energy of fluid, Ev : kinetic energy of fluid
A : area of duct
Q : flow quantity, V : velocity
Subscript 1 : main up-stream, 2 : branch flow, 3:main down-stream
The experimental formulae of second degree of branch duct area ratio (or straight duct area

ratio) and of velocity ratio (or flow quantity ratio) were obtained for the benefit of duct planning.
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Fig. 1 Branch take-off of round duct
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Table 1 Equation of § '§=m2q-z—2rﬂ(m’—kcosi)q+(m'—1)z
type m!ri'tkcos € experiment theory
o smooth | 1|1 0.709¢-0.350q+0, 022 0.54
3 rough Al 1] o.7s 0.973¢-0.5829+0.138 . }g_o,sqwl
= Bil|1 1.012¢0.6219+0.215 (G=0~0.25)
LAl
> > 2
aln D[2]|1] 0.75 }1.097g—0.651q s ¢-0.5¢
E{3|1?
T U7IF0T557G 0.5
no(Bl1j1] — -0.353910.635" éLo.a) (0.705m-3.345m+4,611 ) o2 .
< ql'_: cl2]1] o.7s 0.742¢50.412g (0. 3762, 078m2.259)q J:f—O-Sq
EIIREEEE 0.923¢-0.609q
21 -
a L{15/3 | 4.646d-7.9590+3.652 (-1.5695%8.7261-7.415)q | (3q=25
(,:j :“f Jj2|211 3.753d-4.977a+1.645 +(1.£280-10.65201+10.215)q | (20-1) N
G315 2.145¢-2.328q+0.5%6 +(~0.0611%2.3101-2,733) 0.25(3q-1)
w=FK| 242 1.4704-1.567q+0. 454 N -
J_i MI15]3 9.928¢-15794q+5.338 (0.80981.2970-1.248) 2 | (3q-2)
= L2200 4.5245, 8580+1 905 [+ (=2.495#2, 51200 (2¢-1)
: 315 2.510d-2.,7.20q+0.609 +(1.6110%3. 4710t 0.25(3g-1)
Table 2 Equation of 7 : T=v-2kcos(g-£)v+1
type e I il experiment theory
Slsmooth |11 1.180v40.927v+1.041 vE0.7v+l
é!‘ounh Al11]1 [o.35 |90 1.215v10.989v+1,382 VE0.7v+4Ca
S Tsnp 1.27740.948v+1.470 (G=1~1.6)
LA 3
A5 [el2]1 ouss [oo ! 0.988v20.664v+1.007 V20, 7vel
El3]1 }
n{Bj1f{1] 0. 3.159v:1,675v+1.109 A1
£ ZHE cl2]1 9 ~0.626v%3.585v+0.898 .
E FI3]1 3.000v+1.000
HERNEE .,
Nl EA A 0-5 901 ¢ 0.532v40.093v+0. 562 }vz_wl
) G35
=2kl 2(2.s |loc 0.351-0.4568v+0. 654 vR1.6v+1
Iv [M]i5|3 ] )
i_]“-d'—:" il2121 1 0’| $0.837v11.043v%0.100v+0. 305 J(v-i)z+c,v
H|3[15 J Cor 1.969V%2.557v+0, 746) (G =0.5)
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Table 5  Equation of ¢ €'=(u2ni-2nkeos€ ) -2u( z-2) g+ (m-15
type m|mlkeos € . experiment theory
olsmooth| i1 0.3 | -0.744d%1.2719+0.014 2q-1.6q?
5 Al1 (1 —0.648d+1.626q+0.153
o |rough 0 }2q—q2
Bi1 1 _0.532d%1.232q+0.255
I a1 1 0.3 | -0.721d%1.369q , (29-1.6D
== _ -(0.4050-1.436m+1.752)
7 e
! -1.088d%2.418g
I [B]1]1 ]y (0.3) |-0.746d:1.5886q | (20-1.6
o= ~(0.43%217-0.201m+2.323)q?
E <Jl=iCj2]|1 0 -0.033d+1.329q +Eo.230n¥—d.915m2.z$i§: 20
3 Fi3]1 -0.185¢+1.511q. . ‘
| M |Lps5|3 2.673d5.468+3.711 (1.095-3,767ms4.123 )¢ | =6a+3a
gl o 212121 o 0.967¢-0.9020+1.202 +(-0.967:f¢0.267m+2.43)q | 1
= G315 0.935¢+0.656q+0.317 +(0-493:8+0. 046u-0.860) 0.25+1.5¢-0.75¢
Top k| 2|2] ows | ZAliageteE gl ———— |
IV [Mi15]3 -0.¢12d-4.3499+3. 741 (=0.778:f+6,758m-14.187)4| 4-69+0.6¢
;HE 112]2] o8 [-3.782d0.472000.013 | +(-1.737+3.8626-0.505)q | 1-3.20"
H|3[15 ~©.800+ 1. 80q+0.31 0.8814f-1.679a%0.845) 0.25+1.5q-5.55¢

cxnoriment ineory
~1.4%4 V%3, 457v-0.963 / ~1.63/ 4v-1
1G53 . 55 =1 . 168
145350551 v=1,162 o }—v3~l|v‘-1
~1.330vA4 . 184v-1.107, T
i £1.259v%%.417v-0. 904 (~0.6520%5 . 548u-4.155)v2 | _-1.6vshv-1
2111 0.3 0.%3441 . 500v-0.838 +(0.68303,928m46.715)v 0. 2% 2v-1
311 -0.624v%1.075v-0.715 +(0.025a-0,004m-0.925) - 0,573 1.33%5v-1
Il 31117 2, L | ] )
o s - —O.21Hvz‘2.61!bv—0.8)8 (-O.Gﬁllmz*3.034m—2.618)v‘ -1.6A4v-1
. H cl2i1] 0.3 0.9141V40,989v=0.845 +00. 514-5.190m 5. 531y | Or2vrv-l .
3 1301 0.778/40.353v-0.728 _ +(0.0721-0.2451-0.645) 0.578V1.33%y-1
<l HIE 2 . a2 -
gl M LEDS)3 =2.405v18.221v-4.988 (=0.376420.07%1¢ 1,185y |2:333Ve Bv=5
o 2)2 0.5 —0.450:% . 893y=2. Q41 +(0, 26904 2. 981 m-3.147) v —0.5Vhy=3
3115 0.2331.9%31v=1.9%4 - 4 (=0, 02231 . 9%7ur 1, 021) | 0.333v%¢2v-2
212] 0.9 —0. 5003 . C65y=2. 502 - -0, 9V iv-3
Mo 15 3 <2.88974 £0.m1300 . 0ne )V
0.8 -0.905V4 3. =0 A7
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