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Outline

* ISU flow test
— Test section geometry

» Class exercise using ABAQUS
— Model geometry
— Material properties
— Boundary conditions
— Heat loads
— Mesh
— Results (temperature and heat flux)

 Calculating safety factors
— Departure from nucleate boiling (DNB)
— Flow instability (FI)



ISU flow test

» Test section geometry

Water inlet
55°F

.
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10 gpm

d

Water outlet

X Subcooled liquid

atmospheric pressure

Stainless steel heater
5000 W

0.475 diameter
57 inches heated length
Glass tube

2.323 outside diameter
/ 0.197 inch wall thickness
60 inches long
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Class exercise using ABAQUS

* Model geometry
Dy, = 0.475:in
D;=153in
D, =232%in
Ly.gt = 60in

Ly, = 57in

Heater outside diameter

Glass tube inside diameter

Glass tube outside diameter

Length of test section

Length of heated section
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Class exercise using ABAQUS

« Material properties

Thermoptysical properies of stainless steel, glass, and water:
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Class exercise using ABAQUS

» Boundary conditions and heat loads

Tinget = 33 °F Water inlet temperature
L] .
my = 1816 —— Water mass flow rate per unit area
in” hr of flow channal
BTU
(pe = 1657 3 Body heat flux at heater
ht-ity

h=12853 ETU

Turbulent heat transfer coefficient
h.r-in:!-R
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Class exercise using ABAQUS

* Finite element mesh

glass whe

stainless steel heater

water channel
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Class exercise using ABAQUS

« Water channel temperature distribution (°F)

555 Temperature (degrees F) of water channel

ODB: FlowTest.odb  Abagus/Standard 6.9-2  Tue Jun 01 14:21:46 Mountain Daylight Time 2010
s Step: Step-1, ISU Flow Test

Increm 1: Step Time = 1.000
i T NT11

Primar ri WT
eforme:
2 ®

ar: not set  Deformation Scale Factor: not set
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Class exercise using ABAQUS

» Heater surface radial heat flux distribution (BTU/hr/in?)

e T;LIE(CSYS-U Heat flux (ETUMMIN"2) at heater surface

180.5
163.3
146.0
128.8
1118
94.5
77
59.5
42.6
25.3
g.1
-9.1

ODB: FlowTest.odb  Abagus/Standard 6.9-2  Tue Jun 01 14:21:46 Mountain Da
b4 Step: Step-1, ISU Flow Test

Increment 1 :Step Time = 1 .000
Primary War: HFL, HFL1 (CSTS-1)
Deformed War: not sst  Deformation Scale Factor: not set
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Safety factors

 Critical heat flux in flow boiling

dhy v F
Qopf = 1.8 12915 + 137 05 -[60-111@) - 0.5 - 025w - TD]

Iy + e g F+135
P Pressure (psi)
dhg,r Hydraulic diameter {ft)
e Heated diameter (ft)
K Velocity (ft/s)
T Temperature (C)
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Safety factors

» Departure from nucleate boiling ratio (DNBR)

Qo = 13016 EL; Critical heat flux
hit-ity
Qe = 192 B0 Actual heat flux
2
hit-iy
Hehf

=a57 OMBER

he
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Safety factors

* Flow instability ratio (FIR)

AT, =T o~ Tintet Critical temperature rise
AT =T et~ Tinlet Actual temperature rige
Tiet = 55 °F

T putlet = 584 °F

T = 212 °F

AT,
— =450 FIR
AT
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