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Overview

* |Introduction
* How do we quantify sprinkler sprays?

* Objective

* Evaluate discharge characteristics through measurements

e Measurements and Results

e Stream Formation
e Stream Breakup
* |nitial Spray

* Dispersed Spray

e Summary
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_Introduction — sprinkler Spray Example

@ d>2mm Flux, mm/min

‘ 1mm<d<2mm |D -

345678 9101214161820
’ d<1mm
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P =1.4 bar 0’0 /
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\Introduction — Sprinkler Spray Characteristics

* How do we quantify sprinkler sprays?
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Objective

 Evaluate discharge characteristics from fire suppression
devices from measurements to support CFD model and fire
suppression product development (nozzle and system)

CFD Model
Improved Product
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Measurements —
Overall Methodology

Injection
'

:_ Spray Initiation

y amm—:

CFD Integration

Objective: Establish method for
computationally introducing measured or
predicted initial drop location, size, and velocity
and simulating interaction with the continuous
phase.

Spatial Variation (Elevation Angle, 6)
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Database

Objective: Document spray characteristics from
various fire sprinkler designs as to gain insight
into the influence of geometry on injection
conditions and for CFD spray initiation.

< / % START 4/ HERE!

Understanding
Sprinkler
Discharge

Characteristics

Objective: Characterize the geometries and
flow splits of the thin streams created by the

Topology sprinkler jet and deflector.
Growth
Jol of waves
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eflector r#\ J po »
- %0 °
Sheet ‘ ] \\i‘ foo
Formation NG
Sheet —» Ligaments -

Ligaments —» Drops [

Drop
Formation

Sprinkler
Atomization Model

Objective: Develop a methodology and model
to predict the initial spray from the fire sprinkler
geometry and injection conditions.

® Tine Reference
Droplet ~Smm

-100

-200

Z (mm)

-300

-400

0
200 200 100
400400 Y5 (™)

Initial Spray
Description

Objective: Characterize the initial spray from
fire sprinklers.
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\Approach — Stream Formation

Planar Laser Induced Fluorescence (PLIF)

Rotating Mirror
Pressure Transducer \ o * Qualitative view of sheet topology.
Nozzle  \ g .
raEENTLOF N B * Difficulty measuring exact sheet
Flow Meter DS thickness due to deflector surface
\\ | s reflections.
g\ J | |
Bl * High speed camera would provide
breakup visualization.
1 o b 2l S A i o o
@_F Y | /
< 1.7 m AN >
Water and
Pump Rhodamine Dye
(130 Ipm 30 bar) (0.05 g for 120 liters)
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\Results — Stream Formation

(12.7 mm)

R e ¥ ey e S
R/ < = .
8% 12.7 mm i
e ( ) R ’
(22.7 mm)
Image <
Planes

(62.7 mm)

Slot

(62.7 mm)
‘*"-\-». - .
‘ Stream
Stream

e Tine

e Two distinct streams are formed.

* Flow split between these streams governs the sheet
thickness and the resulting drop size
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\Approach | Results — stream Formation

Short Time Exposure Photography

Reflector

/— \

Frame : e | X
Arm o e ’ [E]
. ik Nozzle N\

Flash
(t. =15 us)

exp

L

1.9 m

Water

* Qualitative view of sheet topology
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Lok \Approach — Stream Breakup

Short Time Exposure Photography

Reflector
/ \
Nozzle U \\\/ / /,
]
Iﬂash —a—
(foxp = 15 u8)
LY
1.9 m
Oe\‘}eksl\r}'o;‘
18 / “
LN PR il
TRYLAS e Canon 12-bit 3.4 Mpixel
Digital SLR Camera
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ok \Results — Stream Breakup

Ambient Condition
(p /p ) 60 - | IIIIIIII | IIIIIIlI | IIIIIII| | IIIIIIf
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O D,=3.5mm ?_3' 10 @O 3
O D,=6.7mm } Basis Nozzles 8 6y
[ ] D=9.7mm Cf) B \@ T
4&;&‘ S C.) B 11323?mm } Standard Nozzles (Tine) i |
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_Approach — initial Spray

Shadowgraph/PTV (Drop Size/Velocity) Measurements

Sprinkler

Qe\q R r”oo = . . > N N
Field of View "~ _ S
1% o, N N 1
Bt ) A 17ox170mm\ \'\\.:\\ i
TRy LN & - BTN
3 ; D epth of Laser
A. JAMES CLARK Field Background
SCHOOL OF ENGINEERING 25 mm (Fresnal Lens)
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Approach — initial Spray

Area used: 150X150 mm

JV)\ / / ....... < 150 mm
400 mm

350 1mm \/

J/Q/ /\R=45o mm

7 / Image size: 170X170 mm
______,/-"

Minimum drop resolved: ~0.2mm

A4
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Std Nozzles (D3): ® D, = 6.2 mm - tine,
o D,=11.0 mm - slot; Basis Nozzles: m D,=32mm,eD,=6.2mm, 0 D,=9.5 mm

®)D,=11.0 mm —tine, oD, = 6.2 mm - slot,

\Results — Initial

Spray

Drop Size, d /D,

Drop Formation
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D Droplet yco
Dgzﬁfet(r)rl e‘/ri. K = 81 lpm bar?2
! P=1.4 bar
" T \Results — Initial Spray Description
® Tine o Reference B ] B 0 .
Droplet ~ 2 mm F: 012345867 8 9101112 D: 02 03 04 05 06 07 0.8 0.9 1 11 12 13

) in pace

AN P S = Gaussian Function
oot ol RS, | N Legendre Polynomials

Legendre Polynomials
(0 Distribution)

(0 Distribution)

-300
Y: 2 22 24 2628 3 32 34 36 38 4
-400 \_ Y,
’ v
200 . .
300 300 Fourier Series
Y (mm) 400400 " m—\m\ (y Distribution)

Measurements Basis Functions
Y Y,

Ren, N., Baum, H., & Marshall, A., “A comprehensive methodology for characterizing sprinkler sprays,”
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Results — Initial Spray

Sprinkler Discharge

Physically rational compact
description of spray.

Provides a framework for spray
evaluation and insight.

48 coefficients describe (and can

generate) the 3D stochastic spray.

15 first order coefficients describe
primary spray characteristics.

Table
(Legendre)

Tyco D3
K =81 Ipm bar-"2
P=1.4 bar
Peak (Gaussian)
Volume
Probability Drop Size Velocity
Density
(for location)
dVSO/Do r u/U
S V(le”) D, =11 mm |(distribution width)] U =15 m/s
4 ) 4 S t S t S
a0 0.004|0.007
> Ly " -1 0.11 |1 0101 29 | 2.8 0.62
< 0.14 | 0.46
F, 0.86 | 0.54
0 (°) 102 | 107 N/A
o (°) 34 | 2.6
2 L,/L, 0.59 | 0.69 |-0.012( 0.33 |-0.085(0.016
«®
= L,/L, -0.95( -1.1 | 0.48 10.052]0.053(-0.36
Ly/L, 0.46 [-0.027} 0.067| 0.60 |0.016( 0.40
LJ/L, -0.31( 0.80 ] 0.097]-0.17 ]0.063(0.046
Ls/L, 0.26 | -0.63 ] 043 | 0.56 |0.037| 0.46
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& Tyco D3
2 & K =81 Ipm bar'?
N P=1.4bar

KResuIts — Initial Spray

Volume Probability
Density
(for location)
Fourier
Coefficients fV (wt’s )
¢ S
a 1.333
2 2
& a; 0.551 & 0.0029 0.0025
7> 75
a -0.276

L) f,(y,)=0.86
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\Approach — Dispersed Spray

Malvern Drop Size Measurements

Malvern Spraytec Analyzer

(Light Diffraction Technique) Local Measurements

Sampling Volume .
(14.7 cm?) N\

Beam Power

Scattering Detector

Detector \

Scattered
Light Beam

I< 8.6 m >|

* Drop size limit (~ 0.8 mm)

Volume Fraction, VF

Local Drop Size Distribution

0.2 T T T LI III 1 1 T T TTT 1
- P =2.07 bar ]
" r/R=0.45

B L
B i >
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0.15F —0.75 <
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Drop Size (microns)
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\Results — Drop Size Comparison

Tyco D3
K =81 Ipm bar2

0

P=0.7 bar

IIIIIIII]I[IIIIIIIIIIIIIIIIIIIIIIIIIIII

—
b

Model (Slot, 10psi)
———— Model (Tine, 10psi) .
m Measurement (Slot, 10psi)
* Measurement (Tine, 10psi) 7

IIIIIIIIIIIIIIIIIIIIIIIII

ARl EREEE FENEE FEERE ENENE FEEEE FREl IR

0 05 1 15 2 25 3 35 4
r,m

0

P = 1.4 bar

IIIIIIII]I[IIIIIIIIIIIIIIIIIIIIIIIIIIII

Model (Slot, 20psi)
———— Model (Tine, 20psi)
m Measurement (Slot, 20psi)
* Measurement (Tine, 20psi) 1

‘1IIIIIIIIIIIIIIIII|[II

IIIIIIIIIIIIIIIIIII

RNl EREEE FENE FEERE ENEEE FEENE FREl IR

0 05 1 15 2 25 3 35 4
r,m
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N \Approach — Dispersed Spray

Volume Flux Measurements
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30° .

Patternator

7.2m
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J 1.0m 3.0m 50m

< 8.6m )|
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K =81 lpm bar1?
P=1.4bar

2.9 mm/min \ReSUItS — Dispersed Spray

Initiation Sphere Patternation (z= -1 m) 10
| | | | | | | | |
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Summary

* Focused measurements provide insight into the discharge characteristics of
sprinkler sprays.

* Qualitative and quantitative measurement methods are available to explore
sprinkler spray behavior from stream formation to the dispersed spray.

* These measurements provide insight into basic features of the spray (images/
comprehensive framework), relationship with nozzle geometry (scaling laws), CFD
modeling input (detailed measurements), and suppression performance (volume

flux measurements).
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Tyco D3
K =81 Ipm bar2
P =0.7 bar

N \Futu re WWork - Measurements

Near Field Patternation Measurements

350 mm
Initiation Sphere

50 mm

— R
TRy LAY
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