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CFAST

Consolidated Fire And Smoke Transport

Zone fire model where
each compartment
divided into two “zones”

Conservation of mass
and energy is applied to
each zone through set
of Ordinary Differential
Equations

Multiple compartments
(<100)

Appropriate flow of heat
and gases between
compartments
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Tank Fire Analysis, courtesy Turin, Italy, courtesy Arup

Combustion Science and Engineering

NASA Vehicle Assembly Building
Kennedy Space Center
courtesy Rolf Jensen
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Models Selected for NRC/EPRI V&V

Fire Dynamics Tools (FDTs) NRC Spreadsheets

FIVE-Rev1l EPRI Spreadsheets

Cons. Fire & Smoke Transport (CFAST) NIST zone model

MAGIC Electricite de France zone

Fire Dynamics Simulator (FDS) NIST CFD Model

Hand Calculations Zone Models Field (CFD) Models

. 4 f‘\bj}

L, =0.23Q*° -1.02D




ASTM E 1355
Standard Guide for Evaluating the Predictive Capability
of Deterministic Fire Models

« Verification: the process of determining that the implementation of a
calculation method accurately represents the developer’s conceptual

description of the calculation method and the solution to the calculation
method. [s the Math right?

« Validation: the process of determining the degree to which a calculation
method 1s an accurate representation of the real world from the perspective of
the intended uses of the calculation method.

Is the Physics right?
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Temperature (°C)
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Predicted HGL Temperature Rise (°C)

Results of NRC V&V (NUREG 1824)
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Measured HGL Temperature Rise (°C) Measured Radiation Heat Flux (kW/m?)
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Simple Response Models 1n Fire

dT,
dr

Solve for link temperature using velocity u and gas
temperature from Fire Model. The RTI (Response Time
Index) is unique to each sprinkler.

Source: Gunnar Heskestad, Factory Mutual

dY, Y. (1) —Y.(1)

dt L/u

Solve for smoke chamber concentration
using external smoke concentration and
velocity u from Fire Model. L is a length
scale unique to each detector.



THIEF Model

1.5 kJ/kg/K 0.2 W/m/K 1-D heat conduction for cable T(r,t)
Homogenous cylinder, i.e. no layers
ol 1 0 oT Constant thermal conductivity (k)
jo, & — — V¥ — Constant specific heat (c)
at r 8]" 81" Bulk density (p) determined from mass and diam.

Failure temperature obtained experimentally

aT Source: Andersson and Van Hees, SP Fire, Sweden.
k(R £
or

Predicted by Fire Model



Penlight Results

600 —
Shroud : /
Temperature | /
eevt
3 |
£ 400 *
o |
=
©
(D)
o
£ 200
= \ Measured | Penlight Test 1
1 xipeosee
First Short 3/C
7718| Tray
Courtesy S Nowlen and F Wyant 0 |
Sandia National Laboratory 0 300 600 900 1200

Time (s)



Conduit in Penlight
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