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Long radius nozzle
D and D/2 pressure tapings
(CRANE)

Model description:

This model of component determines the fluid flow through a long radius nozzle
flowmeter with D & D/2 pressure tappings, according to the reference document [1].

Model formulation:

Diameter ratio:

_D
ﬁ—D2

Orifice cross-sectional area (m?):

Pipe cross-sectional area (m?):
D,"
4

A, =rx-

Mean velocity in orifice (m/s):

v, =—

A

Mean velocity in pipe (m/s):

vV, =—

A,

Reynolds number in orifice:
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Reynolds number in pipe:

_Vy-D,
v

Re,

Flow coefficient:

C=f Rez,j—l

271 ([1] appendix A-20)

Nozzle
Flow coefficient (1e4 < Re2 < 2e6)
CRANE - Appendix A-20

— D1D2=020 —— D1D2=030 —— D1/DZ=0.
—— D1/D2=045 —— D1/D2=050 —— D1/D2=0.55
D1/D2=0575 —— D1/D2=0860 D1/D2 = 0.625
D1/D2 = 0.65 D1/D2 =0.675 —— D1/D2=0.70
—— D1/D2=0725 —— D1/D2=0.75
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Discharge coefficient:

C,=C-J1-p*

([1] appendix A-20)

Nozzle
Discharge coefficient (1e4 < Re2 < 2e6)
CRANE - Appendix A-20

— D1D2=020 —— D1DZ2=030 —— D1DZ=0.
—— D1/D2=045 —— D1D2=050 —— D1D2=055
D1/D2=060 —— D1/D2=0865 D1/D2=0.70
D1/D2 = 0.725 D1/D2 =075
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Velocity of approach factor:

L (11 2-14)

Nozzle
Velocity of approach factor
CRANE - Chapter 2-14

Cv

Volume flow rate (m?/s):

qul.C. ﬂ

P_1 ([1] Equation 2-23)

Mass flow rate (kg/s):

Net pressure loss (Pa):

Aw:*/l‘ﬂj —C-ﬂz Ap
i=F +C-h ([21§ 5.2.8)

Net pressure loss coefficient (based on the mean pipe velocity):
K = A—wz
05-p-V

([2]1§ 5.2.8)

Net head loss (m):

Net hydraulic power loss (W):
Wh = Aw -q




Measured head loss (m):

AP
p-g

AH

Symbols, Definitions, SI Units:

D1
D2
p
A1
Az
q

Vi
V2
Re;
Re:
C
Cd
Cv
AP
w
Aw
Ko
Ah
Wh
AH

p
\Y

g

Orifice diameter (m)

Internal pipe diameter (m)
Diameter ratio ()

Orifice cross-sectional area (m?)
Pipe cross-sectional area (m?)
Volume flow rate (m?3/s)

Mean velocity in orifice (m/s)
Mean velocity in pipe (m/s)
Reynolds number in orifice ()
Reynolds number in pipe ()

Flow coefficient ()

Discharge coefficient ()

Velocity of approach factor ()
Measured pressure loss (Pa)
Mass flow rate (kg/s)

Net pressure loss (Pa)
Resistance coefficient (based on the mean pipe velocity) ()
Net head loss of fluid (m)
Hydraulic power loss (W)
Measured head loss of fluid (m)

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

Notation of equations according to sources.

Validity range:

e turbulent flow regime (10* < Rez < 2:109)

e stabilized flow upstream of the orifice

Example of application:
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Fluid characteristics Geometrical characteristics

AP
ol Hel Info Calaulate
Fluid : | Water @ 1atm [HC] ~ 2 Measured differential pressure bar

Ref.: IAPWS IF97

Pressure : p 1.013 bar

AH 5.1077 m of fluid

@

_ DR

@
W 9,7958 kg/s
Density : p 998.2061 kg/m? q |0.009813372
I@ Dynamic Viscosity : 1 0.00100158 M.s/m? ms \
Kinematic Viscosity : v 1.00340E-06 m?/s T .,
\’_&» SN s e | 0035 &
(®) Density (O Dyn. Vise, () Kin. Visc., v2 2.528mfs
1010 e . (Turbulent)
1000 Am
Met pressure loss 0.3760645 bar
Ah 3.8417 m of fluid
990
- ? Complementary results
E‘ Designation Symbal Value Unit
. 940
'_:;' Pipe cross-section area e 0.0038381508 m2
§ Orifice cross-section area 51 0.0009621127 m2
amn Diameters ratio B 0.4978663
Cross-sections area ratio 5152 0.2473708
@ . © o 3 9 3 @8 t Pipe Reynolds number Re2 177133.3
_ aeo L. d N Orifice Reynolds number Rel 355784.9
@ Flow coefficient - Appendix A-20 C 1.019068
5 velocity of approach factor cv 1.032212
@50 ) ; | Discharge coeffident cd 0.9872643
10020 30 40 S0 60 TO B0 80 100 Met pressure loss coefficent (based on mean pipe velodity) Ko 11.78791
[ logy Temperature [*C) |2 Hydraulic power loss Wh 369.0461 w
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