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Straight Pipe flow
— Physical problem

Isothermal mercury/ water flow through a 60D straight pipe into the air environment

s e— e .

Inlet Outlet
0D

Reynolds Inner Inlet Inlet Outlet
Number Diameter Velocity Pressure Pressure*

Mercury 1500 41.844 pm 4.04 m/s 18.5 bar 15.67 bar
Water 1500 331.404 um  4.04 m/s 18.5 bar 18.291bar

*U,.=0.5u_. = (P,-P,)D?/(32uL)



Straight Pipe flow in FLUENT
— Mesh

u

n,x n.x ng=190x20x14

Ax_. =0.02D

Ar_. =0.0013D

n is the cell No.




Straight Pipe flow in FLUENT

— Simulation parameters
Outflow

Velocity inlet
u=4.04m/s
v=w=0



Straight Pipe flow in FLUENT
— Central line plot(1)
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Straight Pipe flow in FLUENT
— Central line plot(2)
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Straight Pipe flow in FLUENT
— Central line plot(3)
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Straight Pipe flow in FLUENT
— Central line plot(4)
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Straight Pipe flow in FLUENT
— Radial distribution of axial velocity (1)
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Slices are chosen for each 10 pipe diameter

Outlet



Straight Pipe flow in FLUENT
— Radial distribution of axial velocity (2)
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Straight Pipe flow in FLUENT
— Radial distribution of axial velocity (3)
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Straight Pipe flow in FLUENT
— Radial distribution of axial velocity (4)

1=40D

1=50D
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Straight Pipe flow in FLUENT
— Radial distribution of axial velocity (5)

1=60D
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Straight Pipe flow in FLUENT
— Radial distribution of axial velocity (6)

FLUENT-Mercury
—_——— Analytical- Mercury
FLUENT-Water

— — — Analytical- Water

u=uu,.

Non-dimensional axial velocity profile comparison at I=60D



Outline

e Straight Pipe flow
e Curved pipe flow



Curved Pipe flow
— Physical problem

Isothermal mercury/ water flow through a bend pipe into the air environment
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Reynolds Inner Inlet Inlet Y values

Number | Diameter | Velocity | Pressure (y*=1)
Mercury  8.05x10° 0.884” 4.04m/s 185bar 2.878x103  0.72 um
Water 8.05x10° 7" 4.04m/s 185bar 2.751x103 5.74 um




Curved pipe flow in FLUENT

— Mesh (1)
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Curved pipe flow in FLUENT
— Mesh (2)

z

L.

Block 3 Block 2 Block 1

Ifatenals | Diameter Height () Block | Size Block 3 Size Ivlesh
(teL) (cell near-wall =400 (1) (PP )

Mercury | 0.02245356 | Upstream 57916 | ODy=0.0224536, IDp=0.014% | Lyp=0.00908 | 218=15=20B 1)
Downstrearn | 24.093 | ODoy=0.00934, [Day=0006215 | Lap=0.00378 | 218=5x20(B 2}

Water 01778 | Upstream 455 972 | ODg=0.1778, IDw=0.1183 Li=0.0710 | 218=10=5(B 3
Downstrearn | 190,933 | ODap=0.073965; [Dy=0 M912 | Lp=0.02599




Curved pipe flow in FLUENT
— Slices positions
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Sheel3(I=145) Sliceld ([=148) Leel3 ( ) Cht] et [ :

. - | slicel(I=1)
Shced(1=4 i Inlet

Slce3(I=31) o oo (=21)



Curved pipe flow in FLUENT

— Radial distribution of aX|aI velocity (1)
J:_v Mercury :_5 ] Water




Curved pipe flow in FLUENT
— Radial distribution of axial velocity (2)

Water

Mercury

Theta = 45 deg




Curved pipe flow in FLUENT
— Radial distribution of axial velocity (3)
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Curved pipe flow in FLUENT

Radial distribution of axial velocity (4)
. Water
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Curved pipe flow in FLUENT

— Radial distribution of axial velocity (5)
Mercury °'° Z Water




Curved pipe flow in FLUENT
— Radial distribution of axial velocity (6)
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Curved pipe flow in FLUENT
— Radial distribution of axial velocity (7)

Mercury Water

Iz z
| | I
)E_ % HKVelocity -25-24-23-22-21-20-19-18-17-16-15-14-13 | ....

Y  XVelocity: -25-23-22-20-18-16-14-12-10-8 6 -4 -2 0 2 4 6

Qutlet
Outlet




Curved pipe flow in FLUENT
— Parameters at the outlet
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Curved pipe flow in FLUENT
— Axial distribution of axial velocity

#-velocity s Mercu ry

Axial Velocity On the Symmetry Plane Water
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Appendix A

Analytical solution

u(r) = (P1-P,)(R%-r?)/ (4uL)
Water
Uyater(r) = (1.85-1.8291)(R, 1o, > 1)/ (480x0.893x103xR
=7.225617-2.942564 r?
Where 0<r<165.702

water)

Mercury
Unercury(F) = (1.85-1.567)(R  crcury®™ 12)/ (480%1.526x10xR
= 8.083395 - 0.0184666 r?

Where 0 <r <£20.922

mercury)



