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Combining sharp-edged junction
Circular Cross-Section
(IDELCHIK)

Model description:

This model of component calculates the minor head loss (pressure drop) generated by
the flow in a combining sharp-edged junction.

The head loss by friction in the inlet and outlet piping is not taken into account in this
component.

Model formulation:

Cross-sectional area of the lateral branch (m?):

2

F=x
4

Cross-sectional area of the common branch and the straight branch (m?):

2
F, =7r~D°
4

Volume flow rate in the common branch (m?/s):
Q. =Q, +Qy

Mean velocity in the lateral branch (m/s):

Mean velocity in the straight branch (m/s):
Qq

Wi “E

c

Mean velocity in the common branch (m/s):
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Mass flow rate in the lateral branch (kg/s):
G, =Q;-p

Mass flow rate in the straight branch (kg/s):
Gst =Qst P

Mass flow rate in the common branch (kg/s):
G =Q.-p

Reynolds number in the lateral branch:

:Ws'Ds
1%

Re

s

Reynolds number in the straight branch:

_ Wy - D,

st

Re

14

Reynolds number in the common branch:

ZWC'DC
14

Re

C

Pressure loss coefficient of the lateral branch (based on mean velocity in the common
branch):

W W .

W,

F.
m Re > 4000

ces =R e os| (1] diagram 7.17.2 7.3 7.4)

with:
Values of A
F./ F. =0.35 >0.35
Q/ QA <1 <0.4 ~ 0.4
A 1 ﬂ.9-[1—g=] 0.55
N ([1] table 7-1)




® Angle a = 30°
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([1] diagram 7.1)
Combining sharp-edged junction
Coefficient Zeta' c.s
IDELCHIK - Diagram 7-1 - alpha = 30°
—— FslFc=01 —— Fslfc=02 —— Fslfc=03 —— Fsifc=04
—— Fs/fFc=06 —— FslFc=08 FslFc=1
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([1] diagram 7.2)
Combining sharp-edged junction
Coefficient Zeta' c.s
IDELCHIK - Diagram 7-2 - alpha = 45°
—— FslFc=01 —— Fslfc=02 —— Fslfc=03 —— Fsifc=04
— Fs/Fc=06 —— Fs/fFc=038 Fs/Fc =1
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® Angle a = 60°
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% Fs Q s \Q ([1] diagram 7.3)

Combining sharp-edged junction
Coefficient Zeta' c.s
IDELCHIK - Diagram 7-3 - alpha = 60°
FsfFc=04

—— Fs/Fc=01 — FslFfc=02 — FslFc=03
—— Fs/fFc=06 —— FsfFc=08 FsiFc=1

® Angle oo = 90°
2
¢ s ¢ ([1] diagram 7.4)

Combining sharp-edged junction
Coefficient Zeta' c.s
IDELCHIK - Diagram 7-4 - alpha = 90°

— FsFc=01 — FsFc=02 — Fslfc=03 — FslFc=04
—— Fs/Fc=06 —— FslFc=08 FsiFc=1
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For any angles o between 30 ° and 90 °, the coefficient C's is obtained by linear
interpolation between the values of C'cs calculated at 30 °, 45 °, 60 ° and 90 °.



B Re. <2000

150
Re.

(c.s = 2'é,tc.s +

([1] equation §30)

o A,HQ_S.F_CT _z.F_c.(l_Q_sf _2.F_c.[<z_sf ()]
QC I:S FSt QC FS QC
equation 7.1)
with :
Values of A
F. /F. <0.35 > 0.35

Q. / Q. <1 =0.4 ~0.4

with

(1]

(
A 1 0.9-]1- 0.55

=) ([1] table 7-1)

Ks =0

® 2000 < Re. < 4000
linear interpolation

_Re,—2000) . (Re,-2000
2000 s 2000

é’C.S = é/IC.S ’ (1

with:
C'es = laminar coefficient obtained with Rec = 2000
('cs = turbulent coefficient obtained with Re. = 4000

Combining sharp-edged junction
Side branch pressure loss coefficient (Zeta c.s)
with Fs/Fc =1.000 and Qs/Qc = 0.700
IDELCHIK - Paragraph 7

—— Alpha = 30 —— Alpha =45 —— Alpha =6l —— Alpha = /5
—— Alpha =90

Zetac.s
L

Ree Ces for Rec < 4000 and with
Fs/Fc=1and Qs/Qc =07



Pressure loss coefficient of the straight branch (based on mean velocity in the common
branch):

Fs!‘ G, 5 FL‘
W o ) W,

W
F.
W Re. > 4000
® Angle a = 30°
2 2
gc.st :1_(1—8—sj —1_74.%.[%}
- — ([1] diagram 7.1)

Combining sharp-edged junction
Coefficient Zeta c.st
IDELCHIK - Diagram 7-1 - alpha = 30°

FsilFc=0.2 FslFc =103 FsiFc=04
Fs/lFc=0.28 Fs/Fc=1

—— FslFec=01
—— Fs/Fc=0.6
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Combining sharp-edged junction
Coefficient Zeta c.st
IDELCHIK - Diagram 7-2 - alpha = 45°

—— Fs/fFc=01 — FsfFfc=02 — Fslfc=03 —— Fs/Fc=04
—— FsiFc=06 —— Fs/Fc=08 FslFc=1
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® Angle a = 60°
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([1] diagram 7.3)

Combining sharp-edged junction
Coefficient Zeta c.st
IDELCHIK - Diagram 7-3 - alpha = 60°
—— FslFc=01 —— Fslfc=02 —— Fslfc=03 —— Fsifc=04
— Fs/Fc=06 —— FsFc=038 Fs/Fc=1
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® Angle a = 90°
2
¢ ¢ ([1] diagram 7.4)




Combining sharp-edged junction
Coefficient Zeta c.st
IDELCHIK - Diagram 7-4 - alpha = 90°
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For any angles a. between 30 ° and 90 °, the coefficient (st is obtained by linear
interpolation between the values of Ccst calculated at 30 °, 45 °, 60 ° and 90 °,

m Re. < 2000
2 2
Cest :2'€V|c_s +3ag -{l—g—s) —(1.6—0.3-:2—3]-[%.8_3J
- : > = ([1] equation §30)
with:
Values of ao
F./F. =0.35 = (0.35
R/ QR =1 0.2 ~0.2
a 1_8—35 1_8—4-35 1_2_35
. : = | ([1] table 7-6)
150
glcs =2'gtcs +Re
¢l ([1] équation 7.6)
with:
2 2 2
£ 1{%.&] _Z.F_c.(l_Q_sj _Z.F_c.(Q_s] cos(a)| 1,
Qe Fs Fet Qe Fs \Qc
([1] équation 7.1)
with:
Values of A
F./F. =0.35 -~ 0.35
R/ Q. <1 0.4 > 0.4
( y
A 1 0.9- 1—35 [ 0.55
S ([1] table 7-1)




Ks =0

® 2000 < Re. < 4000

linear interpolation

gc,s - é,lc.s ’ (1_ Lzoooj + é/tc.s . [Lzoooj

2000 2000

with:
C'es = laminar coefficient obtained with Re. = 2000
C'es = turbulent coefficient obtained with Re. = 4000

Combining sharp-edged junction
Straight passage pressure loss coefficient (Zeta c.st)
with Fs/Fc =1.000 and Qs/Qc = 0.700
IDELCHIK - Paragraph 7

—— Alpha = 30 —— Alpha =45 —— Alpha =60l —— Alpha =75
—— Alpha =90

Zeta c.st

Rec

Ces for Rec < 4000 and with
Fs/Fc=1and Qs/Qc = 0.7

Pressure loss in the lateral branch (Pa):

2
APc.s = é’c.s ) P ;VC

Pressure loss in the straight branch (Pa):

2
pW,

APc.st = é/c.st : 2

Head loss of fluid in the lateral branch (m):

W2

AHcs: cs <

Head loss of fluid in the straight branch (m):

w
AHc.st = gc.st ) 2 _Cg




Hydraulic power loss in the lateral branch (W):
Wh, = AP, -Q,

Hydraulic power loss in the straight branch (W):
Wh, = AP, -Qq

C

Symbols, Definitions, SI Units:

Ds Diameter of the lateral branch (m)

Dc Diameter of the common branch and the straight branch (m)

Fs Cross-sectional area of the lateral branch (m?)

Fe Cross-sectional area of the common branch and the straight branch (m?)

Qs Volume flow rate in the lateral branch (m?/s)

Ws Mean velocity in the lateral branch (m/s)

Qst Volume flow rate in the straight branch (m?/s)

Wt Mean velocity in the straight branch (m/s)

Qc Volume flow rate in the common branch (m3/s)

W Mean velocity in the common branch (m/s)

Gs Mass flow rate in the lateral branch (kg/s)

Gst Mass flow rate in the straight branch (kg/s)

G Mass flow rate in the common branch (kg/s)

Res Reynolds number in the lateral branch ()

Rest Reynolds number in the straight branch ()

Re. Reynolds number in the common branch ()

o Angle of the lateral branch (m)

Ces Pressure loss coefficient of the lateral branch (based on mean velocity in
the common branch) ()

Cest Pressure loss coefficient of the straight branch (based on mean velocity
in the common branch) ()

APs Pressure loss in the lateral branch (Pa)

APgt Pressure loss in the straight branch (Pa)

AHs Head loss of fluid in the lateral branch (m)
AHst Head loss of fluid in the straight branch (m)
Whs Hydraulic power loss in the lateral branch (W)
Whst  Hydraulic power loss in the straight branch (W)

p Fluid density (kg/m?)
v Fluid kinematic viscosity (m?/s)
g9 Gravitational acceleration (m/s?)

Validity range:
e angle of the lateral branch: between 30° and 90°

Example of application:
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Fluid characteristics Geometrical characteristics . APet [ 0.00272355% | ba
Straight e AMst r
o [EEOETE ] Pressure 2= ... " 0os1m of
Ref.: IAPWS IFS7 Gst  4.9910 ka/s
Pressure : m3/s Qc 0.0060 m:fs :
: P 1013 bar . . -
wst 1288 m/s we 1,545 mfs
Density : p 998.2061 kg/m3 (Turbulent) (Turbulent)
Dynamic Viscosity @ L 0.0010015% M.sfm2
Kinematic Viscosity : v 1.00340E-08 m3fs
@ Density O Dyn. Visc, O Kin. Visc, Side branch pressure
1010 e —— = loss
AHs  -0.0176 m of fluid
1000 m3fs
0.685mfs  ws
. {Turbulent)
a0 4. ...
E- : Complementary results
‘g 0 C Designation Symbol Value Unit
'_E' e TP Side branch cross-section area Fs 0.001458963 m?
DS Straight passage cross-section area Fst 0.003881508 m2
470 Common channel cross-section area Fc 0.003881508 m?
: . Cross-sections area ratio 'Side branch / Common channel Fs/Fc 0.3758754
m A Flow rate ratio 'Side branch / Common channel’ Qs/Qc 0.1666667
aso Lo Side branch Reynolds number Re.s 29441,51
g c Straight passage Reynolds number Re.st 90251
Common channel Reynolds number Re.c 108301.2
950 A 8.3 .3 .3 8. .10 Coefficent A (Table 7-1) A 0.75
1020 30 40 S0 B0 70 B0 8O 100 Coeffident of local resistance (Diagram 7-17-2 7-3 7-4) [y -0.192277
[ logy Temperature {*C) Coefficent of local resistance (Diagram 7-17-2 7-3 7-4) e -0.1442078
Coefficent of local resistance (Diagram 7-1 7-2 7-3 7-4) Cest 0,2305556
@ Side branch pressure loss coefficent (based on wc) Ces -0.1442078
| straight passage pressure loss coeffident (based on wo) Cest 0.2305556
Side branch hydraulic power loss Whs -0,171981 W
i Straight passage hydraulic power loss Whst 1.374793 w
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