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Default FDS Configuration JENSEN:%UGHES NEI-

+ Local minima at stagnation point

Stagnation Point

— Result of tangential velocities going to zero

— Shift from forced convection regime to
natural convection regime
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Convection JENSEN HUGHES ler

+ Conduction between a moving fluid medium and a solid at different temperatures
+ Physically related to the velocity and thermal boundary layers at the surface
— Large Eddy Simulation (LES) models do not fully resolve the boundary layers
— Correlations used to relate the free-stream to the sub-grid behavior within the boundary layer
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Atreya, A. “Convection Heat Transfer’, SFPE Handbook of Fire
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Newton’s Law of Cooling JENSEN HUGHES NEI-

qgonv = h(Ts — To)
+ Complexity of boundary layer development embedded in the heat transfer coefficient, h
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Impinging Jet Heat Transfer Literature
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Livingood, J. B., & Hrycak, P. (1973). Impingement Heat
Transfer from Turbulent Air Jets to Flat Plates - A
Literature Survey.
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More difficult to adapt to diffusion flames i

Impinging Jet Heat Transfer Correlations //

+ Angle of impingement

K =0.1037 — 0.1810
15° 90°

(Perry) Nu = K x Re%7pr9-33

+ Nozzle-to-plate spacing

(Thurlow) Nu = C x Re'/3 exp (—0.037 %) C = ~D3/2 Dininches
(Gardon, Walz, Brdlik)  Nu = 13 x Rel/? 2
ZTl

+ Stagnation pressure (Huang)

Nu = 0.0233 x Re87pr033 Uimp = v 2(pr — ps)/p

_ Easier to adapt to diffusion flames
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Impinging Jet Heat Transfer Based on Impact Velocity T NlSI'

+ Stagnation energy per unit mass, H H=ul?/2+p/p
+ Impact velocity — Equivalent velocity if all stagnation energy were kinetic energy Uimp = V2H
+ Length scale specified by the user (equivalent diameter in this work) D =,4A/m
+ Nusselt relationship based on Martin Nu = 0.021 x Re*/5prl/3
. . . . pooUimpD
+ Properties for Re at the nozzle temperature (ambient in this work) Rejmp =
Uoo
+ Properties for Nu at the film temperature h = kflijlm Nu
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Non-Reacting Hot Jet
Fire Impinging on Unconfined Celiling

Fire Impinging on Corridor Ceiling

“Behavior of Steel Beams under Localized Fire
Exposure”, NIST.
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Non-Reacting Hot Jet (Martin) JENSEN:BIUGHES NEI-

+ 3 grid resolutions, A = 0.03,0.015,0.0075 m

+ Calculate h based on existing impinging jet correlations

temp

+ Compare with FDS predicted h based on impact velocity ©
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Non-Reacting Hot Jet (Martin)

+ Agrees well with existing correlations

+ Some grid dependence, particularly at the higher Re number (40 m/s)

T T T

80 Martin

O FDS coarse
O FDS medium
o FDS fine
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Fire Impinging on an Unconfined Celiling Experiments (\Wasson) JENSEN\DHUGHES NlSl'

1.2 m (square)

+ Propane sand burner, 0.3 m square > >
+ Adjustable ceiling height
+ Measured total heat flux at impinging point
+ Estimated split between convection and radiation
Test HRR H h Ayauge T
(kW)  (m) (W/m?K) (kwim?)  (°C)

1 50 097 3458 139  296.8

2 50 064  36.1 35.7  550.6

3 50 049 505 56.9  676.5

4 90 128 420 231  396.3

5 90 085  60.8 56.3  682.5

6 90 064 575 758  839.4

0.3 m (square)

Wasson, R. (2014). Separation of the Heat Transfer Components from Diffusion Flames Impinging onto Ceilings.
Virginia Tech.
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Fire Impinging on an Unconfined Ceiling Experiments (\WWasson) JENSEI\%DHUGHES NEI-

+ 90 KW fire impinging on ceiling 0.64 m above top of burner

7.5 0.6
7.3 0.4
7.1
6 9T¥ 0.2
) £
6.7 = 0.0
g =
G'SZ -0.2
6.3
6.1 —-0.4
—0.50-0.25 0.00 0.25 0.50 >3 —0.50-0.25 0.00 0.25 0.50
X (m) X (m)
FDS Default FDS with Impinging Jet Model

13 | Copyright © 2024 Jensen Hughes. jensenhughes.com



Fire Impinging on an Unconfined Celiling Experiments (\Wasson) JENSEN\DHUGHES NlSl'
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Fire Impinging on a Corridor Ceiling (Lattimer)
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Test HRR H Qyauge T

(kw) (m) (kw/m2)  (°C)
1 150 1.1 26.4 400
2 200 11 39.0 507
3 300 1.1 74.0 736
4 400 1.1  108.6 887
5 100 0.6 31.3 494
6 200 0.6 75.3 800
7 300 06 1243 1026
8 400 06 1525 1144
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2.4 m

Gas Temperature +
Gauge Heat Flux

046 mx1.15m

Lattimer, B. Y., Mealy, C., & Beitel, J. (2013). Heat Fluxes and Flame Lengths from
Fires Under Ceilings. Fire Technology, 49(2), 269-291.
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Fire Impinging Heat Fluxes R NEI-
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Example Performance-Based Design Application JENSEN\DHUGHES NlSl'

+ Model thermal response of an unprotected steel member using a
lumped capacitance model (Eurocode Method)

STRUCTURAL DESIGN FOR

dT, F
—5 = ATy er = T + 0. (T4, — T4 ANDREW H. BUCHANAN
dt <Vpscp,s> [A(Tasr = T5) r(Tisr = T5')] N\ ANTHONY K. ABU
i el F: exposed surface area per unit length SR me
V.  volume of steel per unit length | AL =LA ':, SECOND EDITION:
>l - T,s7: €Xposure temperature, adiabatic /- —— o
. . (3 — v \J
f surface temperature in this work S ) e
E=stes g, resultant emissivity, 0.7 for steel SN w

. $ (\"“\' . B

3-sided fire exposure
WILEY
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Example Performance-Based Design Application JENSEN:BIUGHES NEI-

HRR=150 kW, H=1.1 m HRR=100 kW, H=0.6 m
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+ Impinging jet model more accurate than default 200 | . | y | 7
: - - - O Lattimer 4
convection relationships on cases studied / Y
175" o wasson / / a
Tz / /0 ) v
L yd —
+ Some systematic differences between the two g 150 y / o %) 7
data sets, possibly due to experimental variability X B / ’ % _
S— 125 7 e ~
gg;’ / o 7 . Ve P d
” L 2100+ 70, 2, e -
+ Additional work needed to expand the validation 3 / ; _
basis, evaluate different fire diameters, and B 75 , o 7 - .
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S 50~ M o- 2
= Y, - S
o ~
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