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• Task Description

• Current Model Status 

• Problem description report updates

• Brief introduction to research stemming from 
current task. 
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Task 2.2 Overview
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Task 2.2.11: Modeling of benchmark test with 
TRACE 

• OSU will develop a TRACE model for one of the benchmark 
tests performed using the U.S. NRC code TRACE. Modeling of 
the benchmark test will be done blindly, based on the design 
package put together as a part of task 2.2.3. The data will not 
be made available until the modeling and results have been 
completed. 
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TRTL Power Profile Calculator
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What is the desired peak power? [kW]: 500
Enter an increasing array of desired Pulse 
Lengths [ms]

(ex. [10,20,100.5] )
: [10,20,30,40,50]

*-----------------------------*
| Max Power     :  500.0 [kW] |
| Shortest Pulse:   10.0 [ms] |
| Energy Dep.   :  2.090 [kJ] |
*-----------------------------*

(1) P(t)=290.99*[exp(t/T)-1]
(2) P(t)=145.49*[exp(t/T)-1]
(3) P(t)= 97.00*[exp(t/T)-1]
(4) P(t)= 72.75*[exp(t/T)-1]
(5) P(t)= 58.20*[exp(t/T)-1]



Problem Description Report

1. Facility Geometry Data
2. Material Data
3. Facility Instrumentation Plan
4. Initial and Boundary Conditions
5. Parameters of Interest
6. Specified Format for Submission of 

Results
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Will follow the same structure as Task 2.1’s problem 
description report. 



Problem Description Report
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Currently – Facility geometry data and material data.

Near Future – Initial and boundary conditions TBD. 
Determine parameters of interest.

Ultimately – Facility instrumentation plan.  Verify “as built” 
geometry. Collect experimental data and submit to report. 



Problem Description Report
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Problem Description Report
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Problem Description Report: Updated
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Problem Description Report: Updated
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Problem Description Report: Updated
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Problem Description Report: Updated
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Problem Description Report: Updated



Studying the range of 
applicability of both quasi-steady 
state and transient CHF models. 
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• Most studies 
investigate the 
trigger 
mechanism for 
CHF assuming an 
established two-
phase flow 
system

• What about 
direct to film 
boiling CHF?

Current approach to CHF Prediction
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Kemal Pasamehmetoglu - 1990
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Developed robust quasi-steady 
state CHF model that switches 
from a hydrodynamic model to a 
film evaporation model to bridge 
the relevant phenomena

Does not capture phenomena 
associated with bubble incipience. 

[2]



Kemal’s Model
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Sakurai (2000)
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[3]

• Studied direct to film boiling 
CHF.

• Original observations 
dependent on pre-
pressurization and surface 
conditioning. 



Sakurai (2000)
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[2]



Sakurai (2000)
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• Heterogeneous Spontaneous Nucleation

• Direct to film boiling from flooded cavities

• Has lower CHF than that predicted by quasi-steady state HI model

• With increasing rate of heat input, HSN is observed even for non-pre-

pressure depending on heat input, subcooling, and pressure. 

• The author states that HSN is also dependent on surface conditions. 



Comparison of Models
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Boiling Curve
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Critical Heat 
Flux

Transient Steady State

Hydrodynamic 
Instability (HI) 
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Sublayer Dry-
out Model

Interfacial 
Liftoff Model

Heterogeneous 
Spontaneous 

Nucleation 
(HSN) Model

Quasi-steady 
state approach
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Transient Steady State

Sublayer Dry-
out Model

Interfacial 
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Thank you for your time. 

Questions?
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Quasi-steady state 
model (HI)

Transient model
(HSN)

Critical heat flux

Characteristic 
time?



• Leidenfrost (1756) – First publication in boiling heat transfer.
• Nukiyama (1934) – Developed boiling curve.
• Zuber (1956) – Analytic saturated pool boiling CHF prediction.
• Kutateldze (1963-1966) – Suggests separation of hydrodynamic boundary layer is trigger mechanism for CHF.
• Schrock (1966) – Transient boiling phenomena.
• Tong (1966) – F-factor method (recommended as of Pasamehmetoglu).
• Tong (1968) – Agree with Kutateledze.
• Katto (1970) – Questions Zuber’s model.
• Hsu (1976) – CHF dependent on upstream conditions or flow history. Implies integral method is required. 
• Katto (1978:1980) – CHF correlations based on non-dimensional flow condition map (L, N, H, HP regimes).
• Katto (1979) – CHF in annuli.
• Leung (1980) – Transient Critical Heat Flux and Blowdown heat transfer studies
• Collier (1981) – Explored parameter dependence of CHF.
• Groenveld (1981) – Stated trends that correlations must follow.
• Katto & Haramura (1983) – Propose new hydrodynamic model “multi-step” model. 
• Weisman & Pei (1983) – CHF associated with bubble boundary layer @ low quality, subcooled conditions.
• Dahlquist (1985) – CHF mapping suggested.
• Pasamehmetoglu (1986) – Transient Critical Heat Flux
• Celata (1989) - CHF behavior during pressure, power and/or flow rate simultaneous variations
• Sakurai (2000) - Mechanisms of transitions to film boiling at CHFs in subcooled and pressurized liquids due to steady and 

increasing (HSN Model)
• Bessiron (2007) – Modelling of Clad-to-Coolant Heat Transfer for RIA Applications Vincent

Literature Review
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Transient Boiling Phenomena

Schrock (1966)
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Transient Critical Heat Flux and Blowdown 
Heat-Transfer Studies

Leung (1980)
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Transient Critical Heat Flux

Pasamehmetoglu (1986)
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CHF behavior during pressure, power 
and/or flow rate simultaneous variations

Celata (1989)
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