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Warehouse Design Problem
 Automatic suppression system design for High Bay 

section of new warehouse facility

 65’ high

 8,200 ft2 Area

 Limited Water Supply

 60 psi static

 20 psi residual, 80 gpm

 Final fire extinguishment is
necessary
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Guidance from NFPA 13 (2010)
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Control Mode Protection
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Guidance from Experience
 Fire severity is a strongly influenced by storage height

 HRR for standard plastic commodity is directly proportional 
to number of storage tiers (< 6) in first stage (2-3 min)a

 In-rack sprinkler protection is always required for storage 
over 25 feet high

 Plastic commodity storage heights above 35 feet are 
almost exclusively dependent on in-rack protectionb

 In-rack sprinkler placement highly specific to fuel type, 
configuration

 Ceiling sprinkler densities influenced by storage clearance

a,b: Zalosh, R. Industrial Fire Protection Engineering. Wiley & Sons, 2003. pp.157.



How to Proceed
 Designs become solutions through validation

 Validation is optimized when experiments are designed 
based on verifiable theory

 Full-scale fire testing of a 65-foot tall facility is too costly 
to proceed by guess and check methods
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Problems with Design
 “Final fire extinguishment is necessary”

 Current standards dictate “control” of a warehouse fire

 Fire is not supposed to spread beyond some limit.

 Thus, spread rate is less than a defined value.

 What is this value? Tests do not quantify this.

 Extinction is the point at which combustion ceases

 There are no methods, currently, to quantify warehouse 
fire control, suppression or extinguishment. 
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Options to Design Extinguishment
 Full-Scale tests 

 Must test all materials and configurations

 Prohibitively expensive (only check once, no repeatability)

 Numerical modeling of potential suppression systems

 CFD codes cannot resolve boundary-layer effects (small-scale) 
necessary to model the impact of suppressants.

 Burning rate must be a known input to the model

 Scale Modeling

 Disconnect between large-scale tests and laboratory setups

 Laboratory tests ignore important physics occurring at large 
scales
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Experimental Testing

1313
(top) Pro. Comb. Inst. (31) 2. 2007. pp. 2731-2739
(bottom) Pro. Comb. Inst. (32) 1, 2009, pp. 1067-1074 

Full-Scale Tests
Cup Burner (Co-Flow): 

Counter-Flow Burner

?

Intermediate-Scale Tests (FPC)

(top) UL/Schirmer Engineering HVLS Fan 
Test Report. (Bottom) FM Global.



Sprinkler Warehouse Fire Modeling

Zalosh, Industrial Fire 

Protection 

Engineering, pg 159
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1. New Intermediate-Scale Test
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•Mixed-material mesh  of 
materials on upright wall

•Water suppression spray with 
same droplet characteristics 
as sprinkler

•Single layer of Group A, Class 
II commodities can be tested. 
Also test  new plastics, wood, 
etc. 



1. New Intermediate-Scale Test
 Quantitatively determine water application rate 

necessary to achieve suppression

 Suppression defined by: spread rate = 0

 Upward spread test over common mixed-materials will 
simulate interaction of water droplets through a 
boundary layer and onto a burning solid.

 Actual commodity is used, so soaking, bouncing of water 
droplets off surface, and flow is accurately modeled.

 Water density required for suppression versus a 
commodity parameter will be determined. 

 Droplet distribution will be same as actual sprinklers.
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1. Mixed Materials Modeling

 Interaction of different materials over time must be taken 
into account

 Stage I can be modeled just by corrugated cardboard

 Stage II and III can be modeled by corrugated cardboard 
and polystyrene cups in single layer

 Allows for classification of commodity with inclusion for 
volume ratio and mass ratio
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2. Sprinkler Flow Characterization 
 Research currently performed 

(Andre Marshall, UMD) has 
characterized the spray 
coming out of various 
sprinkler heads

 CFD can reproduce droplet 
trajectories after the discharge 
pattern has been well 
characterized and serves as 
input to the models (i.e. FDS). 
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3. Flow Interaction with 
Geometry & Fire Plumes 
 This information will be used as an input to a numerical 

model to determine “efficiency factors,” the percentage 
of droplets which reach the surface of the burning 
commodity.

 This is where CFD can be very useful, between exit from 
the sprinkler spray and before entrance into the thermal 
and fluid boundary layer.

 Droplet losses by geometry

 Droplet losses by radiation

 Momentum change of droplets before reaching surface
20
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Large-Scale Relationship
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 Large-scale testing necessary to determine losses, or 
“efficiency factors” that effect droplet flow between 
sprinklers and burning commodity.

 Relationship between Area Density (# Sprinklers) and Design 
Area (Thermal load from fire) from Scale testing (step 1)

 A combined relationship (table) will incorporate efficiency 
factors1

 Following method by Quintiere (Fundamentals of Fire Phenomena)

1 Following method by Quintiere (Fundamentals of Fire Phenomena)



Why Invest in Such an Approach?
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Small Scale Testing 
Commodity -type 

classification

Intermediate 
Scale Testing 

(Proof of 
concept)

Large/Full Scale 
Modeling

(Proof of concept)

Engineering Approach to 
Warehouse Fire Protection Design
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Conclusion
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 A fundamental basis for suppression design can be 
achieved

 Separately study controlling factors

 Classification becomes truly predictive

 Materials that typically fall out of classification tests and 
are “exceptions” can be classified

 E.g. Tupperware, Meat Trays

 Error bounds for worst and best case scenarios are 
defined

 Long-term cost savings for the entire industry.
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