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INTRODUCTION

1 Scope

1.1 These requirements cover automatic and non-automatic (open) type water spray nozzles for
installation in accordance with the Standard for Installation of Sprinkler Systems, NFPA 13, and the
Standard for Water Spray Fixed Systems for Fire Protection, NFPA 15.

1.2 Nozzles are categorized by the discharge coefficient “"K” of the orifice, water discharge angle or
pattern, type of coating or plating, and other factors that have a bearing on their application. Automatic

nozzles are ¢
2 Compone

2.1 Except a
requirements

2.2 A compg

a) In

proddict covered by this standard, or

b)

S

2.3 A compg
use.

2.4 Specific
Such compo
exceeding sp

3 Units of NV

3.1 Values s
approximate

IS0 categorized by operating temperaiure rafing.
nts

S indicated in 2.2, a component of a product covered by this standard shall co
for that component.

nent is not required to comply with a specific requirement, that:

volves a feature or characteristic not required in the-application of the compon

superseded by a requirement in this standard:

nent shall be used in accordance with, its'rating established for the intended
components are incomplete in construction features or restricted in performanc
hents are intended for use only ‘under limited conditions, such as certain tem
ecified limits, and shall be«Used only under those specific conditions.

leasurement

tated without parentheses are the requirement. Values in parentheses are ¢
nformation,

mply with the

ent in the

conditions of

b capabilities.
peratures not

Xplanatory or
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4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

5 Glossary

5.1 For the purpose of this standard the following definitions apply:

5.2 AUTOMATIC NOZZLE — A nozzle intended to open automatically by operation of a heat-
responsive element that maintains the discharge orifice closed by means such as the exertion of force
on a cap (button or disc). A nozzle is installed on piping so that a spray of water is discharged in a

specific patte

5.3 COATE
platings for ¢

5.4 DISCHA

in which:
Qis
Pis

In Sl units:
Qis
pis

5.5 DISCHA

'N TOr suppression or control of fires, or protection from fire exposure.

D, PAINTED, OR PLATED NOZZLE - A nozzle that has factory appliegyeoatin
brrosion protection or decorative purposes.

RGE COEFFICIENT “K” — Coefficient of discharge in the formula;

K

Slo

the flow in gallons per minute, and

he pressure in pounds per square inch gauge (psig).

the flow in liters.per minute; and

he pressuréiin® bar
5.4 revised June 3, 2014

RGE PRESSURE RANGE — The pressure range corresponding to the specifi

and maximur

gs, paint, or

bd minimum

h_pressures at which the spray nozzle is intended o be discharged

5.6 HEAT RESPONSIVE ELEMENT — That portion of an automatic nozzle that breaks, melts, or
otherwise functions to initiate the automatic operation of the nozzle when exposed to sufficient heat.

5.7 MANUAL MEANS OF ACTUATION — A means of system actuation in which the system operator
initiates system discharge.

5.8 NON-AUTOMATIC (OPEN) NOZZLE — A nozzle that discharges water immediately when water is
supplied from the water control valve. A non-automatic nozzle may be an automatic nozzle with the

heat respons

ive and activating elements removed. The discharge orifice is open.
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5.9 OPERATING TEMPERATURE — The temperature at which the heat responsive element of a
nozzle operates when subjected to a 1°F (0.5°C) per minute temperature rise while immersed in a liquid

bath.

5.10 ORIFICE — The outlet that controls the amount of water discharged from a nozzle at a given

pressure.

5.11
such nozzles

in the Sensitivity Tests, Section 21.

CONSTRUCTION

6 General

6.1 An autor
time without
closure of the
or similar seq

6.2 Stampin
6.3 An auto
assembly log

without causi

6.4 Nozzle t
as tests to in

6.5 Sample 5

including maferials, dimensions, and tolerances.

6.6 For nozz
completely e

st
atic nozzle shall be chemically or mechanically) staked to maintain the m

hatic nozzle shall be constructed to effect closure of its water seat forrextend
leakage and to open as intended and release all parts as specified. in“this 3

| that moves during operation or is in contact with a component that-moves duri
6.1 revised February 24, 2009

shall show no cracking or splitting and shall be uniformly smooth and clean
d. The assembly load shall not be able to be ¢hanged by the use of commg
ng visible damage to the nozzle.

pes or materials not anticipated by these'requirements require additional eva
Vestigate special metallic or nonmetallic materials.

pray nozzles are to be constructed in accordance with the manufacturer’s deta

es incorporating a glass-bulb heat responsive element, the filling end tip of the
pcased in an enclosure to minimize the potential for breakage or damage.

6.6 added June 3, 2014

QUICK RESPONSE (QR) NOZZLE — A nozzle that complies with the applicable requirements for

ed periods of
tandard. The

water seat shall not be achieved by the use of a dynamic O-ringy@psimilar s¢al (an O-ring

g operation).
y cut.

anufacturer’s
n hand tools
lluation, such

iled drawings

bulb shall be
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7 Inlet Threads

7.1 Nozzles shall be provided with not less than 1/4 inch external NPT pipe threads at the inlet that
comply with the Standard for Pipe Threads, General Purpose (Inch), ASME B1.20.1.

Exception No. 1: Nozzles intended for use in installations where fittings incorporate other than NPT
threads, shall be permitted with pipe threads complying with a national pipe thread standard compatible
with those fittings.

Exception No. 2: Nozzle inlets intended for attachment to piping by means other than threads are able to
be used when the nozzles are intended to be attached in a manner that does not involve welding and that
permits nozzle removal from the piping without the use of special tools or torch cutting equipment.

Revised 7.1 effective February 24, 2011

Table 7.1
Discharge coefficient ’K” and thread-type
Table 7.1 deleted effective February 24, 2011

7.2 Threads|shall be cleanly cut and true and free from burrs, scoring&or-chatter marks.
8 Temperatyire Ratings

8.1 The temperature ratings, temperature classifications, and color coding of automatic gpray nozzles
shall be as gpecified in Table 8.1. The frame arms of théautomatic spray nozzles or glgss bulb heat
responsive element shall be colored according to the celor code specified in Table 8.1.

8.1 revised February 24, 2009

Table 8.1
Temperature classification ratings and color coding
Table 8.1 revised June 3, 2014

Temperatufe Temperature rating Color coded Maximum ambient
classificatipn temperature
°F (°C) Frame arms glass bulb °F (°C)
Ordinary 1354170 (57 - 77) Uncolored or Orange -135°F 100 (38)
Black (57°C) or Red
-155°F (68°C)
Intermediate 175 - 225 (79 - 107) White Yellow -175°F 150 (66)

(79°C) or Green
-200°F (93°C)
High 250 — 300 (121 — 149) Blue Blue 225 (

Extra High 325 - 375 (163 — 191) Red Purple 300 (
Very Extra High 400 - 475 (204 — 246) Green Black 375 (191)
Ultra High 500 — 575 (260 — 302) Orange Black 475 (
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9 Coatings and Platings

9.1 The operation and distribution characteristics of a nozzle shall not be impaired by the application of
any factory-applied coating, paint, or plating when the nozzle is tested in accordance with these
requirements.

9.2 A corrosion resistant coating or plating shall be uniformly applied.

9.3 A wax coating shall not be brittle when new nor become brittle with age.
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10 Pressure Rating

10.1 Nozzles shall have a rated pressure of 175 psig (12.1 bar), 250 psig (17.2 bar), or 300 psig (20.7

bar).

10A Strainer

10A.1 A nozzle having a water passageway less than 3/16 inch (5 mm) shall be provided with a strainer
or filter constructed of a corrosion resistant material. The maximum dimension of an opening in the
strainer or filter shall not exceed 80 percent of the smallest water passageway being protected.

Added 10A.1 effective February 24, 2011

11 Protectivie Covers

11.1 Autom
covers that
system is pla

Exception: (
during handli

ic nozzles with glass bulb type heat responsive elements shall be equipped W
re designed to remain in place during installation and be removed before the
ced in service.

Certain automatic nozzle designs that are constructed to provide protection for
ng, such as nozzles with guards, may not be required to have protective cove
11.1 effective December 4, 2005

ith protective
spray nozzle

he glass bulb
[S.

11.2 Automgtic nozzles required to be equipped with protective”covers shall comply with Section 30,

Impact Test f

PERFORMA
12 General

12.1 To det¢
shall be subjs

13 Samples
13.1 The nu

samples requ
examination

or Protective Covers, and 46.2.
11.2 effective December'4, 2005

NCE

rmine compliance with these\requirements, the various types and spray patterr
bcted to the performance-tésts described in Sections 14 — 42,

mber of samplésrequired for investigation varies for different nozzle types. T
ired for examination and test are to be determined following a review of detai
bf a preliminary sample, or both.

s of a nozzle

he number of
ed drawings,
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14 Load on Heat Responsive Element

14.1 For automatic nozzles, the average and maximum design loads exerted on the heat responsive
element, and the overall load tolerance based on the design load for the assembly, are to be determined.
When the application of the rated pressure to the inlet end of the nozzle increases the assembly load by
more than 10 percent, the additional load is to be added to the measured load on the heat responsive
element. The information developed is to be used for Strength of Heat Responsive Element Test, Section
15.

14.1 revised February 24, 2009

14.2 At least 25 nozzles are to be tested to determine the average load. An arrangement for measuring
the load on the heat responsive element is to be developed for each specific design.

15 Strength|of Heat Responsive Element Test
15.1 Fusiblg-alloy types

15.1.1 For aptomatic nozzles, a heat responsive element in the ordinary temperature rating, see Table
8.1, shall either:

a) Sypstain a load of 15 times its maximum design load for,a period of 100 hours; gr

b) Demonstrate the ability to sustain the maximum desjgn’load when tested in accprdance with
15.1.p and 15.1.3.

15.1.2 Comgliance with 15.1.1(b) is to be determined.by/subjecting sample heat-responsivg elements to
loads in excgss of the maximum design load. A minimum of ten samples are to be loaded at various
values as required up to 15 times the design load;-At least one heat responsive element shall sustain a
load for a time greater than 1000 hours. Theséoad and time values are then to be used to derive a
least-square,|full logarithmic regression curve(of time as a function of load, from which the Idads at 1 hour
and 1000 hotirs are to be determined. The.design load shall comply with the following equation:

1.02 L 2

L, <
d Lo

in which:

Ly is the maximum design load;
L., is the load at 1000 hours; and

L, is the load at 1 hour.
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15.1.3 The test samples are to be loaded at a conditioned temperature of 70 £5°F (21 £3°C).
15.2 Glass-bulb types
15.2.1 The lower tolerance limit for bulb strength, based on calculations with a degree of confidence of

0.99 for 99 percent of samples, shall exceed two times the upper tolerance limit for nozzle assembly load
based on calculations with the same degree of precision as for bulb strength.

15.2.1 revised June 3, 2014

15.2.2 Deleted February 24, 2009

15.2.3 The bulb strength is to be measured by applying a steadily increasing load, utilizing a

compression{testing machine, until the bulb breaks. This test is to be conducted with the b
the seating pprts, with the same dimensions used in the nozzle and a material hardness\wi
of 38 - 50 Rockwell C. The rate of loading shall not exceed 55 pounds-force load perysecon
at a rate that|deflects the bulb 0.02 inch (0.51 mm) per minute, whichever measurement is g

the test app
interfere with
are to be tes

15.2.4 Calcu
distribution ig

15A Glass-E

15A.1 An au
changes whe

15A.2 Atlea
than the mar
another liqui
breakage or

ratus being used. Bulb seats are capable of being reinforced cireumferentially
the bulb breakage. A minimum of 15 samples of each temperature rating and e
ed. See Supplement SA — Tolerance Limit Calculation Methad,

15.2.3 added June 3, 2014

lations are to be based on the Normal or Gaussgian Distribution except w
shown to be more applicable due to manufacturifg or design factors.

15.2.4 added June 3, 2014
bulb Thermal Shock Test

tomatic nozzle having a glass bulb ghall withstand the thermal shock of rapig
n tested as specified in 15A.2 withaut breakage or fracture of the glass bulb.

15A.1%added February 24, 2009

5t five sample nozzles are'to be conditioned for 5 minutes in a liquid bath at 209
ed temperature rating. The samples then are to be removed and immediately
i bath at 50°F (10°C).  The bulb of each nozzle shall be visually observed
racture.

15A.2 added February 24, 2009

ut|b mounted in
hin the range

d (25 kg/s) or
onvenient for
SO as not to
ach bulb type

here another

temperature

F (11°C) less
submerged in
for signs of



https://ulnorm.com/api/?name=UL 2351 2018.pdf

10B

SPRAY NOZZLES FOR FIRE-PROTECTION SERVICE - UL 2351

JUNE 3, 2014

16 Leakage

Test

16.1 When tested as described in 16.2 and 16.3, an automatic nozzle shall not exhibit leakage at any
pressure from 0 psig to the applicable leakage test pressure shown in Table 16.1.

Table 16.1
Test pressures for the leakage and hydrostatic tests

Rated pressure Leakage test pressure Hydrostatic test pressure
psig (bar) psig (bar) psig (bar)
175 (12.1) 500 (34) 700 (48)
250 (17.2) 500 (34) 1000 (69)
300 (20.7) 600 (41) 1200 (83)
16.2 At leas{ 20 samples are to be individually tested. The nozzle inlets are to be filled wjth water and

vented of air|

16.3 The prg
(20.7 bar) pe

17 Hydrostg

17.1 An autq
equal to the

17.2 At least
vented of air.
16.1 at a ratq
pressure and
during the pr

ssure is to be increased from 0 psig to the test pressure at:a rate not excee
I minute and then held for 1 minute. There shall be no visible’leakage in any s

tic Strength Test

matic nozzle shall withstand, for 1 minute, without*rupture, an internal hydros
nydrostatic test pressure shown in Table 16.1«

20 samples are to be individually tested.» The nozzle inlets are to be filled wj
The pressure is to be increased from-Q°psig to the hydrostatic test pressure sk
not exceeding 300 psig (20.7 bar),per minute. The pressure is to be maintain
held for 1 minute. The sample shall not rupture, operate, or release any of its o
pssure increase nor while beingmaintained at the test pressure for 1 minute.

18 30-Day Leakage Test

18.1 When't

a) E
for 3

b) N
minu

bsted as describedin 18.2 and 18.3, an automatic nozzle shall:

perience notleakage when subjected to the 30 day test pressure specified in
) days;

bt leak-when subjected to the leakage test pressure specified in Table 16.1 or
e following the 30 days; and

jing 300 psig
ample.

atic pressure

ith water and
own in Table
ed at the test
berating parts

Table 18.1

less for 1

¢) Show no distortion or other mechanical damage following the leakage testing, specified in
(b), as determined by visual examination.
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Table 18.1
Test pressures for the 30-day leakage test

Rated pressure 30-day test pressure
psig (bar) psig (bar)
175 (12.1) 300 (20.7)
250 (17.2) 450 (31)
300 (20.7) 500 (34)

18.2 Five samples are to be installed on a water-filled test line maintained under a constant test pressure
as specified in Table 18.1 for 30 days. The samples are to be examined weekly during the test period for
evidence of |gakageof wateratthetlosure tap:

18.3 Following completion of this 30-day test period, the samples are to be subjected\io the leakage test
specified in 16.1. The samples shall be examined for distortion or mechanical damage.
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19 Water Hammer Test

19.1 When tested as described in 19.2 and 19.3, an automatic nozzle shall:

a) Experience no leakage when subjected to 100,000 applications of pressure surges having a
test pressure range as specified in Table 19.1;

b) Not leak when subjected to the Leakage Test specified in Table 16.1 for 1 minute, following
the 100,000 cycles of water hammer; and

¢) Show no distortion or other physical damage following the water hammer testing, as
determined by visual examination.

Revised 19.1 effective June 3, 2016

Table 19.1
Test pressure ranges for the water hammer test
Rated pressure Test préssure
pgig (bar) psig (bar)
175 (12.1) 50 — 500 (3.4 1 34)
250 (17.2) 50 500 (3.4 1 34)
300 (20.7) 180 ~600 (10 + 41)

19.2 Five samples are to be installed on a water-filled test fine connected to a pump system

hat produces

a rapid rise l;l‘ discharge pressure, in accordance with Table 19.1, at the rate of not more than 60 cycles

per minute.

he test piping is to be filled so that theré\is water at the nozzle seat, and the |

placed in opgration and adjusted to produce the spécified test-pressure cycle.

19.3 Following completion of the pressure cycling, the samples are to be subjected to the lg
specified in 16.1. The samples are then\to be examined for distortion or mechanical damag

19.2 revised June 3, 2014

20 Operating Temperature (Bath) Test

20.1 The opgrating temperature of automatic nozzles, when tested as described in 20.2 —

within a maximum temperature range as follows:

a) 3.5 percent of the marked temperature rating for nozzles rated less than 400°

and

b) 107 percentof themarked temperature Tating for nozztes Tated400°F (204°C) =

bump is to be

pkage test as
e.

0.8, shall be

- (204°C),

nd higher.

For the purpose of this determination for nozzles rated 400°F (204°C) and higher, the marked temperature
rating is to be the minimum value and included as one of the values within the range, making a total of
eleven values in the range. Upon operation, all operating parts of the nozzle shall clear the waterway as
intended, except as indicated in 20.2.

20.1 revised June 3, 2014
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20.2 Nozzle operation for this test includes the intended functioning of eutectic elements or any rupture
of a glass bulb heat responsive element. If partial fracture of the glass bulb in the liquid environment
occurs which does not result in nozzle operation, the temperature at which bulb-fracture occurred shall be
considered the operating temperature, but additional nozzle samples shall be subjected to the Air Bath for
Glass Bulb Nozzles Test, Section 20A.

20.2 revised June 3, 2014

20.3 At least ten samples of each type of nozzle produced, including plated, painted, coated, and
uncoated types of each temperature rating, are to be subjected to this test. A nozzle that does not require
pressure to operate is to be tested at zero gauge pressure. A nozzle that requires pressure to operate is
to be tested while pressurized at 4.5 +0.5 psig (0.31 £0.034 bar).

20.4 The sa

bath. The bam
means to agi

b water or oil
rate and with

ples are to be placed in an upright position and completely immersed in th
vessel is to be supplied with a source for heating the liquid at the prescribed
ate the liquid and measure the temperature of the liquid bath.

20.5 Water i$ to be used in bath tests of nozzles that have operating temperatuté_ratings of
or lower. Samples having operating temperature ratings of 176 — 575°F (80 — 302°C) are to 4
in oil having & flash point exceeding the test temperature.

175°F (79°C)
e bath-tested

20.6 Deleted June 3, 2014

20.7 A calibn
bath tests. T
operating pa

the liquids in
th the nozzle

pted temperature measuring device is to be used 40 determine temperatures of
:I\‘e sensing element of the temperature measuring device is to be held level w
s by a support member.

20.7 revised June.3; 2014

20.8 The ten

20°F (11°C)
temperature

nperature of the bath liquid is to be ifiereased at a convenient rate until the li
of the temperature rating of thé “device [30°F (16°C) for 325°F (163°C
ratings]. The rate of temperaturerise then is to be controlled at a rate not ¢

(0.5°C) per minute until operation of thelnozzle or until a temperature 20°F (11°C) abg

temperature
are to be rec

20A Air Bat
20A.1 When

Section 20, 1
air bath test

s reached. The temperature-of the liquid and the time of operation, as each noz
brded.

h Test for Glass'Bullb Nozzles

a partial fracture of a glass bulb occurs during the Operating Temperature
ozzles with-a glass bulb heat responsive element shall fully operate when su
lescribed/in 20A.2.

20A.1 added June 3, 2014

quid is within

and higher
xceeding 1°F
ve the rated
zle operates,

(Bath) Test,
bjected to the

20A.2 Fifty s

ample automatic nozzles with a glass bulb heat responsive element shall be p

aced on their

inlet in a programmable circulating air oven. The temperature in the oven shall be gradually increased to
20 £2°F (11 £1.1°C) below the marked temperature rating of the nozzles. When this temperature is
reached, the oven shall be maintained at a constant temperature for a period of 60 5 minutes. The
temperature shall then be increased at a constant rate of 1 £0.5°F (0.5 £0.3°C) per minute until the
temperature in the oven is 25 percent higher than the marked temperature rating of the nozzles or until all
the nozzles operate, whichever occurs first. Each sample shall be examined for full operation.

20A.2 added June 3, 2014
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21 Sensitivity Tests

21.1 General

21.1.1 An automatic nozzle shall comply with the following requirements:
a) 21.2.1 for quick response (QR) nozzles;
b) 21.2.2 for standard response nozzles.

21.1.2 A coating shall not remain on nozzle parts in a manner that impairs operation or distribution at the
time of nozzle operation in 21.2 and 21.3.
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21.2 Sensitivity — oven heat test

21.2.1 A QR nozzle shall have a maximum operating time specified in Table 21.1 for each sample when
tested in the sensitivity test oven as specified in 21.2.3 — 21.2.5. If the nozzle temperature rating is not
shown in Table 21.1, the maximum operating time for each sample shall be determined by using the
formula specified in 21.2.6 based on a Response Time Index (RTI) value of 50 (m-s)'2 [90 (ft-s)"2], and
the marked temperature rating of the nozzle.

21.2.1 effective December 4, 2005

21.2.2 A standard response nozzle shall operate within the time range specified in Table 21.1 for each
sample nozzle when tested in the oven heat test as specified in 21.2.3 — 21.2.5. If the nozzle temperature
rating is not shown in Table 21.2, the minimum and maximum operating time range for each sample shall

be determined by using the formula specified in 21.2.6, based on a RT1 value of 80 (m-s)7/q [145 (ft-s)"/2]
for the minimum value and on a RTI value of 350 (m-s)"2 [630 (ft-s)!/2] for the maximum-Value, and the
marked tempierature rating of the nozzle.
21.2.2 effective December 4, 2005
Table 21.1
Operating time for nozzles in sensitivity-oven heat test
Table 21.1 effective December 4, 2005
Temperatpure rating Oven temperature Quick Standard response type, Coated
responses seconds standard
type, response
seconds type,
seconds?
°F (°C) °F (°C) Max. Min. Max. Max.
135 (57.2) 275 (135) 11.2 17.8 78.0 180
140 (60.0) 275 (135) 12.3 19.7 86.1 180
155 (68.3) 275 (135) 16.0 25.6 111.9 180
160 (71.1) 275 (135) 17.4 27.7 121.3 180
165 (73.9) 275 (135) 18.8 30.0 131.1 180
175 (79.4) 386 (197) 12.1 19.4 84.8 180
200 (93.3) 386 (197) 16.1 25.7 1124 180
212 (100.0) 386 (197) 18.2 29.0 127.1 180
220 (104.4) 386 (197) 19.6 31.8 137.3 180
250 (121.1) 555 (291) 14.3 22,7 99.3 180
286 (141.1) 555 (291) 18.1 29.0 126.8 180
300 (148.9) 555 (291) 19.8 31.7 138.5 180
360 (1822) 765 (407) 16.7 26.8 117.0 180
400 (204.4) 765 (407) 20.0 32.0 139.9 180
450 {2322y 765 407 24-6 394 +72-3 180
500 (260.0) 765 (407) 30.0 48.1 210.3 210.3
@ Corrosion resistant nozzles with coated heat responsive elements including wax, lead, Teflon, wax over lead, and polyester
coating. Coated quick response nozzles shall comply with 21.2.1.
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Table 21.2
Sensitivity oven temperatures
Table 21.2 effective December 4, 2005
Temperature rating Oven temperature
°F (°C) °F +2°F (°C +1°C)
135 — 170 (57 - 77) 275 (135)
175 — 225 (79 - 107) 386 (197)
250 - 300 (121 - 149) 555 (290)
325 - 375 (163 - 191) 765 (407)
400 - 475 (204 — 246) 765 (407)
500 — 575 (260 — 302) 765 (407)
21.2.3 Nozzles of each style are to be tested in the sensitivity test oven in the pendent pogition with the
heat responsjve element located at least 1 inch (25.4 mm) away from the inside surfaces of the oven as
follows:

a) F
elem
posit

b) F
respq
pend

c) Fq
sam

perpgndicular to the direction of air flow.

21.2.4 The s
sample is to
the sensitivity
of measuring

determine if ¢pperation occurs @s)intended within the time specified in 21.2.1.

21.2.5 The g
chamber is ill
and an air te

br nozzle designs without frame arms and incorporating symmetrical heat resp
bnts and symmetrical nozzle bodies, ten samples are to be_otientated in the p
on;

br nozzle designs with or without frame arms and incorporating unsymmetrical

ent position with the heat responsive element upstream of the axis of the body

les are to be orientated in the pendent position with the frame arms in a plang

21.2.3 effective December 1, 2005

pmples are to be conditionedvat 70 £9°F (21 £5°C) for at least 2 hours. The inlg
be connected to a source of air pressure at 4 1 psig (28 +7 kPa) and quickly
test oven in a pendent pesition. The operating time is to be measured using a
0.01 seconds and.accurate to within 0.01 £0.01 seconds. Each sample is to b

21.2.4 revised June 3, 2014

ensitivity-t€st oven is to consist of a square or rectangular stainless steel cham
Listrated-in Figure 21.1. A constant air velocity of 8.33 £0.05 feet per second (2.
mperature as specified in Table 21.2 for each temperature rating and style no:

pnsive
bndent

heat

nsive elements or unsymmetrical body designs, ten Samples are to be orientated in the

; and

r nozzle designs incorporating frame arms.with symmetrical heat responsive ¢lements, ten

p

t end of each
plunged into
limer capable
b observed to

ber. A typical
b4 £0.01 m/s)
rzle are to be

established.

Airwvelocity is to be measured using an orifice plate and a manometer or a bidire

ctional probe

and a velometer. The air temperature is to be measured by use of a 30 AWG (0.05 mm?) thermocouple
centered upstream from the sample as shown in Figure 21.1.

21.2.5 revised June 3, 2014
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21.2.6 Ther
using the foll

Figure 21.1
Typical sensitivity test oven configuration

Figure 21.1 revised June 3, 2014

16”(406mm)

12"

= 14"(356mm) —=t=—— 50"(1.27m)

AR VELOCITY
| PRESSURE TAPS
|
30 AWG THERMOCOUPLE

TEST SECTION

NOZZLE

(295mm)

| (
N

— .\ —

X

/

\ X

I\ I\
URTTTCE FINE MESH
SCREENS
8"x8"(203x203mm) SQUARE DUCT
54"
(1, 37m)
HEATING
PLENUM
T AR VELOCITY DAMPER

S3143C \

BLOWER

bquired nozzle operating time values_specified in 21.2.1 and 21.2.2 shall be

bwing equation:

<

8"x87(203x203mm) SQUARE DUCT

calculated by
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—RTI*In|1—

Nm

T

S4739

Where:
RTI is Response Time Index [(m-s)"?; {ft-s)"/?]
t, is pperating time of the nozzle-[s]
u is mominal gas velocity in-the test section of the wind tunnel [2.54 m/s; 8.33 ft/s]
T,, id marked temperature rating of the nozzle [°C; °F]
Ty is|nominal ggs-temperature in test section in Table 21.2 [°C; °F]

T, is|nominal-ambient air temperature [24°C; 75°F]
21.2.6 effective December 6, 2005
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21.3 Sensitivity — room heat test for quick response (QR) nozzles

21.3.1 Ordinary or intermediate temperature rated QR nozzles shall have an operating time of 75
seconds or less for each nozzle when tested as specified in 21.3.2 — 21.3.4.

21.3.2 Nozzles of each type are to be installed in a test room (see 21.3.4) in the following position and

orientation:

a) For nozzles intended to be installed in the pendent position and nozzle designs without
frame arms and incorporating symmetrical heat responsive elements and symmetrical bodies,
ten samples are to be installed in their intended pendent position at the ceiling.

b) Férnozzlesinfended 1o be installed in the pendent position, with or without fran
incorporating unsymmetrical heat responsive elements, ten samples are to be orier]
the hieat responsive element downstream of the axis of the nozzle body in relation

direction of the fire source. The samples are to be in their intended pendent position.

¢) For nozzles intended to be installed in the pendent position, incorporating frame
symmetrical heat responsive elements, ten samples are to be orientated with the fr
a plahe parallel to the direction of the fire source. The samples, are to be installed i

inten

d) F
in (a

e) F
in the
the ¢

f) Fo
acco

21.3.3 The n
4.6 m) close
water having
+0.034 bar),

21.3.4 The fi
one corner off
temperature
rated nozzleq

Hed pendent position.

br nozzles intended to be installed in the upright pOsition having configurations
, (b), and (c), ten samples are to be installed inthe intended pendent position

br nozzles intended to be installed in the hdrizontal position, ten samples are t
ir intended position with the deflector or“discharge outlet located 4 inches (10
biling.

dance with (e).

0zzle is to be mounted ‘as specified in 21.3.2 on a ceiling or a wall of 15 by 1
i room having an 8<oot (2.4-m) high ceiling. The nozzle inlet waterway is to
a temperature of 70.+3°F (21 £1.6°C). The water is to be pressurized to 4.5 +
vhen required formnozzle operation.

re source(js-to consist of a 1 by 1 by 1 foot (305 by 305 by 305 mm) sand bur

atedozzles and 600 standard cubic feet (17.0 m3) per hour for intermediate
.~Se€ Figure 21.2. Installation is to be as follows:

e arms and
tated with
o the

-}

arms with
Ame arms in
n their

referenced

b be installed
P mm) below

r nozzles that are intended for.jnstallation in multiple positions, they shall be tg¢sted in

b feet (4.6 by
be filled with
D.5 psig (0.31

her located in

the rodm)with a flow of natural gas of 500 standard cubic feet (14.2 m3) per holir for ordinary

temperature

a) A pendent, upright, or ceiling type nozzle is to be installed along a diagonal line on the
ceiling at a distance of 16 feet, 9 inches (5.1 m) from the corner of the room where the sand
burner is located.

b) A pendent, upright, or ceiling type nozzle is to be installed in the intended position at a point
where a diagonal line from the corner having the burner to the opposite corner intersects an arc
having a radius equal to the distance from the corner having the burner to the midpoint of the

opposite wall.
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c) A sidewall type nozzle is to be installed on the midpoint of the wall furthest from the corner
having the sand burner.

The test is to be started when the ambient temperature is 87 +2°F (31 £1°C) for ordinary temperature
rated nozzles and 120 +£2°F (49 +1.1°C) for intermediate temperature rated nozzles, as measured in the
center of the room 10-inches (254-mm) below the ceiling. The gas burner is to be ignited, and the
operation time of the nozzle is to be recorded.

21.3.4 revised February 24, 2009
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Figure 21.2
Example of sand burner apparatus

Figure 21.2 added February 24, 2009

/1

12"(305mm) 17

6"(152mm)

AN

1UF VIEVV

3 Sand

12"(305mm)
7"(180mm) :)1 — ;
2.5"(64mm)
SIDE VIEW
~— 12"(305mm) —T
— F=.75"(19mm) Typical
coocobécoooo " Materials:
1 12"(305mm) - Steel Plate Box, Welded.
" - Steel or Stainless Steel Hiping and Fittings.
6 (15l2mm) - Mason Grade Sand.
u Key:
1 Nominal 1 Inch Piping.
2 Nominal 1-1/4 or 1-1/2 Irjch Pipe
£—0.25"(6.35mm) Diameter holes (Typical) 3 Sand Depth

BOTTOM VIEW

§5529
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22 Operation — Lodgement Test

22.1 An automatic nozzle shall operate at service pressures of 7 psig (0.48 bar) to the rated pressure. All
operating parts shall release with sharp, positive action. Operating parts intended to be released from the
nozzle assembly shall clear the nozzle frame and deflector to not impair the water distribution pattern.

Revised 22.1 effective February 24, 2011

22.2 Each sample is to be installed in its intended installation position on a rigid piping arrangement and
supplied with flowing water. Tests are to be conducted using a single-feed and a double-feed water supply
arrangement as described in Figure 22.1. The test pressures and number of samples tested at each
pressure using each water supply configuration is to be as specified in Table 22.1. Each sample is then
to be operated by exposing the heat responsive element to a uniform application of heat. A nozzle does

not comply when a part interfering with correct water distribution maintains interference fof more than 1
minute under the water flow service pressure. The service pressure and the action of the.oplerating parts,
when releasing are to be observed to determine compliance with these requirements,
Revised 22.2 effective February 24, 2011
Table 22.1
Samples and test pressures for operation-lodgement test
Added Table 22.1 effective February 24, 2011
Test gressure, psig (kPa) Water supply arrangement Number of test safnples
7 (48) Single Feed 5
7 (48) Double Feed 5
25 (172) Single Feed 5
25 (172) Double Feed 5
50 (345) Single\Feed 5
50 (345) Double Feed 5
75 (517) Single Feed 5
75 (517) Double Feed 5
100 (689) Single Feed 5
100 (689) Double Feed 5
125 (862) Single Feed 5
125 (862) Double Feed 5
150 (1034) Single Feed 5
150 (1034) Double Feed 5
175 (1206) Single Feed 5
175 (1206) Double Feed 5
Incrementat252 Single Feed 5 at each pressyre
Ihcremental 252 Double Feed 5 at each pressyre
2 |f the nozzlg _is-rated for a pressure of greater than 175 psig (1206 kPa). nozzles are to be tested in 25 psig [172 kPa)
increments from 200 psig (1379 kPa) to the rated pressure.
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Figure 22.1
Operation — lodgement test arrangements

Added Figure 22.1 effective February 24, 2011
1 1/2 in. minimum

Nominal diameter piping “ H/ Bleed Line

\ - ] D«— Flow Blocked

1) Outlet oriented for upright,
pendent, or sidewall hozzles
as intended to be.insjalled.

2) Outlet size to be the same
as the nozzle inlet.

Single Feed Arrangement

1 1/2 in. minimum

Nomingl diameter piping “ “/ Bleed Line
\ —_—— | ——
PR —

1) Outlet oriented for ugright,
pendent, or sidewall hozzles
as intended to be installed.

2) Outlet size to be the same
as the nozzle inlet.

Double Feed Arrangement

su0101a

A — Minimum 10 times nominal diameter straight length
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23 Flow Endurance Test

23.1 A nozzle shall withstand for 30 minutes, without evidence of cracking, deformation, or separation of
any part, a water flow at a pressure equal to the rated pressure plus 25 psig (1.72 bar).

23.2 One sample nozzle is to be installed in its intended orientation on an elbow in a pressurized water
system. For automatic nozzles, the heat responsive element is to be activated at the specified test
pressure, and the water flow shall be adjusted to obtain the test pressure specified in 23.1 for 30 minutes.

23.2 revised June 3, 2014

24 High Temperature Exposure Test (90 Day)

24.1 An autdmatic nozzle, except for a wax coated nozzle, shall withstand for 90 days, without evidence
of weakness |or malfunction, an exposure to a high-ambient temperature in accordance with Table 24.1,
or 20°F (11PC) below the rated operating temperature of the samples (whichever fis the lower
temperature)] and not less than 120°F (49°C). Following the exposure, each nozzle shall comply with the
Leakage Test, Section 16. Nozzles are to then be subjected to the Sensitivity’= Oven Heat Test (see
21.2.1 — 21.2.5). Each sample shall be operable, and the average time of opération shalll not increase
more than a| 1.3 multiple when compared to the average time of samples not subjected to the High
Temperature|Exposure Test (90 Day).
24.1 revised June 3, 2014
Table 24.1
High-temperature exposure test conditions
$pray nozzle temperature rating High ambient test temperature
o ) oF ct)

135 + 140 (57 - 60) 120 (40)

145 1 170 (63 -77) 125 (3R)

175 + 225 (79 - 107) 175 (70)

250 1 300 (121 - #49) 250 (121)

325 1 375 (168 =191) 300 (149)

400 1 475 (204~ 246) 375 (191)

500 { 575 (260 — 302) 475 (246)
24.2 An autgmatically-contraolled, circulating-type, constant-temperature oven is to be used for this test.
Five automafjc nozzles_ef.each operating temperature are to be placed in an oven at the [specified test
temperature.



https://ulnorm.com/api/?name=UL 2351 2018.pdf

JUNE 3, 2014 SPRAY NOZZLES FOR FIRE-PROTECTION SERVICE - UL 2351 24A

25 High Temperature Exposure — Test for Wax Coated Nozzles

25.1 A wax coated automatic nozzle shall withstand for 90 days, without evidence of deterioration or
malfunction, an exposure to a high-ambient temperature as specified in Table 24.1, or 20°F (11°C) below
the rated operating temperature of the samples (whichever is the lower temperature), and not less than
120°F (49°C). Following the exposure, the coating shall not show evidence of deterioration such as
cracking, flaking, or flowing. The nozzle then is to be subjected to the Sensitivity — Oven Heat Test (see
21.2.1 — 21.2.5).

25.1 revised February 24, 2009

25.2 An automatically-controlled, circulating-type, constant-temperature oven is to be used for this test.
Five automatic nozzles with each type of coating are to be placed in the oven at the specified test
temperatures|

25A Heat Reésistance Test

25A.1 A noz
in water as d

vle without operating parts shall withstand the exposure to heat and subsequgnt immersion
bscribed in 25A.2 without signs of significant deformation, blistering or fracturg.

Added 25A.1 effective June 3, 2016

its inlet and
he exposure,
bossible, with
b of 60 £10°F

25A2 A sarlple nozzle, without operating parts, shall be placed in an oven or furnace of
heated to a tgmperature of 1200 + 20°F (650 + 10°C) for a period-ef. 15 minutes. Following
the nozzle sHall be removed from the oven by holding the inlet{portion of the nozzle, when
tongs or a sipilar device and submersing the sample in a water bath having a temperaturg
(15 £6°C).
Added 25A.2 effectivendune 3, 2016

26 Strength|of Frame Test

26.1 An autq
distance bety
hydrostatic p

26.2 The dis
from the plar
bearing surfa

26.3 Atleast
compression
deflection at

matic nozzle frame shall notsshow permanent distortion in excess of 0.2 p
een its bearing points when\subjected to a test loading of twice its assembly
essure.

fance between load-bearing points is to be measured to the nearest 0.001 in
e of the nozzle-orifice outlet at the center of the orifice to the center of the
ce.

ten nozzles-are to be individually installed in a test apparatus that applies a loa
bearing-surface. A measuring instrument is to be attached to indicate th
he-deflector end of the nozzle frame.

ercent of the
load at rated

ch (0.03 mm)
compression

J to the upper
e amount of

26.4 The heat responsive element of the sample is to be carefully removed without damaging the frame.
The negative deflection, due to release of the assembly load, is to be recorded. A load is then to be
applied to redeflect the nozzle at a rate of 0.02 inch (0.51 mm) per minute until the deflection returns to
zero. The load at zero deflection is to be recorded as the assembly load. An alternative means to measure
the nozzle assembly load shall be permitted to be used when determined to provide equivalent or more
accurate results.

26.4 revised June 3, 2014
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26.5 A load of twice the assembly load at rated pressure is then to be applied to the individual sample.
The deflection during the load application and the amount of permanent set after the load application are
to be determined to verify compliance with the requirements in 26.1.

27 Impact Resistance Test

27.1 An automatic nozzle shall not be damaged or leak when tested as described in 27.2. See Figure
27.1.

27.2 Five sample nozzles are to be tested by dropping a cylindrical mass equivalent to the mass of the
nozzle to the nearest 15-g increment from a height of one meter onto the geometric center of the deflector.
The mass is to be prevented from impacting more than once upon each sample. Following the impact,
each nozzle Js 1o be visually examined and there shall be no evidence of cracks, breaks,| or any other
damage. Ea¢h sample nozzle shall be subjected to the Leakage Test, Section 16 followed by the
Sensitivity — Pven Heat Test, see 21.1 — 21.2.5.

Revised 27.2 effective June 3, 2016
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Figure 27.1
Impact test apparatus

Cold Drown Seomless Steel Tubing Cl:_
Inside Diometer 1410 mm +0 -0.13 mm

Weight (see Detail "A") Adjustable Braockets (2)

Latching Pin N I
(-
_ -ﬁ.

[

Length {o be Determined tm I
(Functioh of Required Weight)

/

55
D2

Breaok Corner,
0.06 mm x\'45°

Detfail "A” Weight
12.J70mm Diometer

SI c1018.Cold I
Finished_ Steel

>

Nozzle Support —
165mm Diameter

Cold Finished Steel

AISI C1018

28.6mm

S2469E
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28 Rough Usage Test

28.1 An automatic nozzle shall withstand the effects of rough usage without deterioration of its
performance characteristics. Following three minutes of tumbling as described in 28.3, the nozzle shall
comply with the Leakage Test, Section 16, and the Sensitivity Tests, Section 21.

28.2 Five sample nozzles are to be tested. The nozzles are to be tested with shipping protector in place,
when the protector is intended to be removed from the nozzle after the nozzle is installed and reference
to this removal requirement is made in the installation instructions.

28.3 Five samples are to be individually placed in a vinyl-lined right hexagonal prism-shaped drum?
designed to provide a tumbling action. The drum is to have an axis of rotation of 10 inches (254 mm). The

distance bet\
(38.1 mm) h4g
second for 3
then subjecte

aA drum intende

29 Vibration

29.1 An autg
characteristic
at a frequen
resonance at
entire test pe
In addition, tH
21.21 - 21.2

29.2 Five no
plate is to be

irdwood cubes are to be placed in the drum. The drum is to be rotated at.1
minutes. The sample is to be removed from the drum, examined for signs of
d to the Leakage Test, Section 16, and to the Sensitivity Tests, Section"21.

H for use with this test is available from Kramer Industries, Inc., Copiague, NY 11726, Model K14
28.3 revised February 24, 2009

Test

matic nozzle shall withstand the effects of vibration without deterioration of its
5. The nozzle is to be subjected to vibration of:0.04 inch (1.0 mm) amplitude

y that is continuously varied between 18 —*87 Hertz. However, when the n
a frequency within the range of 18 — 37 Héttz, the resonant frequency is to bg
Fiod. Following the vibration test, the nozzle shall comply with the Leakage Tes
e nozzle shall operate as intended when subjected to the Sensitivity — Oven H
.5).

bolted to the table of a vibration machine so that the nozzles are mounted \

test nozzles then are to be vibrated in.the vertical direction.

29.3 This teq

29.4 For this
of rest to ong
the applied v

t is to be conducted with the test nozzles unpressurized.
test, amplitude is defined as the maximum displacement of sinusoidal motion

bration!

€en opposite sides is to be 12 inches (305 mm). For each test, one sample andl five 1.5 inch

evolution per
damage, and

—_

performance
or 120 hours
bzzles exhibit
b used for the
t, Section 16.
eat Test (see

rzle samples are to be threaded into the pipe couplings on a steel mounting plate, and the

ertically. The

from position

-half of thie-total table displacement; resonance is defined as the maximum magnification of
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30 Impact Test for Protective Covers

30.1 A glass bulb type automatic nozzle, with the protective cover installed, shall not be damaged or leak
and the cover shall remain in place when tested as described in 30.2. See Figure 30.1.

30.1 effective December 4, 2005
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Figure 30.1
Impact test apparatus for protective covers

Figure 30.1 effective December 4, 2005

Cold Drawn Seamless Steel Tubing (12

Inside Diameter 14.10 mm +0 —-0.13 mm \
Mass (see Detail "A") E—

Adjustable Brackets (2)

M |
Latching Pin \ L]
l ]
7# T Yil
]
Length td be Determined 1 m !
(Function| of Required Weight) | A
JI

Break Corner
0.06 mm x 45°

< l

Detpil "A”Mass
12.7PDmm_Diameter
Al3l G1018 Cold
Finished Steel

S2469G
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30.2 Five sample automatic nozzles having glass bulb heat responsive elements with their protective
covers are to be mounted in the horizontal position and impacted with a cylindrical mass equivalent to the
mass of the nozzle to the nearest 15-gram increment from a height of one meter onto the geometric center
of the glass bulb heat responsive element. Five additional samples are to be tested with the impact
applied to the opposite side of the nozzle if the cover is designed to provide unsymmetrical protection. If
the glass bulb extends beyond the perimeter of the nozzle deflector, an additional five samples are to be
mounted in the vertical position and impacted with the same cylindrical mass from a height of one meter
onto the geometric center of the glass bulb heat responsive element. The mass is to be prevented from
impacting more than once upon each sample. Following the impact, each nozzle is to be visually
examined and there shall be no evidence of cracks, breaks, or any other damage to the glass bulb. Each
sample nozzle shall then be subjected to the Leakage Test, Section 16, followed by the Sensitivity — Oven
Heat Test, see 21.2.

30.2 revised June 3, 2014
31 Calibratipn Test

31.1 Each K
whichever is

factor value shall be +5% or +0.2 units (gpm/(psi)'’2) of the K-factodPmarked dn the nozzle,
greater, when tested in accordance with 31.2 — 31.3.

Revised 31.1 effective June 3, 2016

31.2 The no
(V2/2g) is red
correspondin
Pipe Threads
For nozzles
positioning th
1/8-inch (3.2
nominal "K”
threaded to t

of this apparatus.

yzle is to be installed on an outlet from a reservoir sized so that the velocit
uced to approach a velocity of zero. The outlet is~to\consist of a pipe coup
j with the size of the nozzle thread (1/2, 3/4 or 1 ingh"NPT), as described in the
, General Purpose (Inch), (Revision and Redesighation of ASME/ANSI B2.1) A
having a nominal "K” factor of 8 or less, the*Coupling is to be installed in the
e coupling in a hole so that the inlet to the €oupling protrudes into the interior o
mm) or more. See Figure 31.1 as an example of the apparatus. For nozz
factor greater than 8, the outlet shall consist of a nominal six-inch blank
ne appropriate thread size, and attached to a six-inch pipe. See Figure 31.2 fg

y head effect
ing of a size
Standard for
SME B1.20.1.
reservoir by
the reservoir
les having a
flange drilled
r an example
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Figure 31.1
Calibration test equipment
AIR RELEASE MUST PROJECT INSIDE
PIPE AT LEAST 1/8" (3.2mm)
6" SCHEDULE 40 PIPE
—r 0\
|
I
A= - —— - _ _ _
d] 11’
Lt = 15 INLET
A 1% Al 3
<—>1— b (I15Zmm) 2 2
34" (0.8m) 1*
COUPLINGS WELDED
\— DRAIN TO PIPE

S2464A SECTION A—A
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Figure 31.2
Calibration test equipment for nozzles with "K” factors greater than 8

Figure 31.2 revised February 24, 2009

Minimum
< 36 in (091 m) — ™
12 in.£ 0.5 in.
(30,5¢m £ 1,3cm)
G
ouge Flexible
Coupling
6 in. Nominal Pipe Typical
0 S p Aes n (Typical)
AN J ;
I L — Sprinkler
b -HHt----—-—-—-—-—-—-1=hF---—-- E === ~ o
I
Water i
Source Inlet / A< Grooved
’ End Cap
Piezometer (See Detail B)

Ring

o

3
I+ 1+
o

o

1.04 .020 in.

2.6 .05
Machine Inlet of Tapped (2.6c cm)
Hole to 45° taper for
1 inch Pipe Size and
1/2 inch Inlet Radius

for 3/4 inch Pipe Size

———————"T1IN————— —
Appropriafely Sized and
Tapped Hole

Flat Surface
of End Cap

Section AA Detail B

S41386 Note: All dimensions are nominal size except as noted
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31.3 The sample is to be flow tested first at a pressure of 7 psig (0.48 bar) and then at 10 psig (0.69 bar).
Following this flow test, the pressure is to be:

a) Increased in 5 psig (0.34 bar) increments to 50 psig (3.45 bar), in 10 psig (0.69 bar)
increments to 75 psig (5.17 bar) less than the rated pressure;

b) Decreased in 10 psig (0.69 bar) increments to 50 psig (3.45 bar), in 5 psig (0.34 bar)
increments to 10 psig (0.69 bar); and then

c) Decreased to 7 psig (0.48 bar).

The flow at each increment of pressure is to be measured by a flow-measuring device having an accuracy

of within 2 pe
in gallons pej
coefficient “K

32 Distribut

32A Distribytion Test

32A.1 Gene

32A.1.1 A sf
water discha

density within the coverage area shall be within £15.percent of the published water de

discharge cg
characteristic
nozzle dischd

32A.1.2 For
at 0 degrees
of 120, 135,

sidewall nozzle shall be tested™at-90 degrees using the test method described in 32A.2.1.

rcent of the actual flow. The discharge coefficient “K” 1s 1o be calculated by di
r minute (L/S x 15.85) by the square root of the pressure in psig (bar x4
" is then to be calculated.

on Test
Section 32 revised and relocated as Section 32A

ral

ge angles and, when specified in the installation instructions, the average wa

llection patterns shall be within £12 .inches (305 mm) when comparing t
spray pattern, when tested as described in 32A.1.2 — 32A.3.1. Other methods ¢
rge patterns are permitted to be used provided the same level of accuracy is

32A:1.3 added June 3, 2014
A nozzle intended to be installed at various orientation positions, the nozzle s

vertically downward), using the test methods described in 32A.2.1 and at orier
150, and 180 degrees ‘(vertically upward) using the test methods described

32A.1.2 added June 3, 2014

iding the flow
b). Discharge

ray nozzle shall produce a spray angle within £:6 degrees of the manufacturer's published

iter collection
nsity and the
ne published
f determining
maintained.

nall be tested
tation angles
n 32A.3.1. A
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32A.2 Water Collection

32A.2.1 An open spray nozzle is to be supplied with water at the minimum and maximum discharge
pressure, through a 1 inch (25.4 mm) size tee fitting. The outlet is to be the same size as the inlet threads
of the nozzle for nozzles with inlet threads 1 inch (25.4 mm) and smaller. Tee fittings are to be the same
size as the nozzle inlet threads for nozzles with inlet threads larger than 1 inch (25.4 mm). The nozzle is
to be positioned at distances of 2 feet (0.6 m) and at a maximum installation height, ”x”, referenced in the
manufacturer’s installation instructions, above an array of 1 by 1 foot (305 by 305 mm) square collection
pans as shown in Figure 32A.1. Water is to be collected in a large enough area such that at least one row
of perimeter collection pans has no pans with more than a trace amount of water collected after the
termination of the water discharged from the nozzle. The nozzle can optionally be positioned in a location
other than the center of the collection pans to measure the discharge within the coverage area. After a
ten-minute discharge, or Tess if any collection pan is filled o its capacily, the wafer collettion is to be
measured, the nozzle or collection pans shall be rotated 90 degrees for nozzles otherithatp the sidewall
type, and the test repeated. The water distribution is to be determined by measuring,tbhe water collected
in each pan ¢ompared to the manufacturer’s installation instructions.

32A.2.1 added June 3, 2014

Figure 32A.1
Collection pan array

Figure 32A.1 added June 3, 2014,
Vertical downward orientation - solid stream, full cone or flat spray

90° orientation sidewall type
= —r

2£t10.6m)

2ft(0.6m)

_t

\M 1ft X 1ft (300mm X 300mm) Typical
*not to scale
Typical
collection

method
SU0335 for each pan

32A.3 Spray Angle Determination

32A.3.1 An open spray nozzle is to be supplied with water at the minimum and maximum discharge
pressure, through a 1 inch (25.4 mm) size tee fitting. The outlet is to be the same size as the inlet threads
of the nozzle for nozzles with inlet threads 1 inch (25.4 mm) and smaller. Tee fittings are to be the same
size as the nozzle inlet threads for nozzles with inlet threads larger than 1 inch (25.4 m). The nozzle is to
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be positioned at distance of 2 feet (0.6 m) from a 10 by 10 foot (3 by 3 m) dry surface (plane of protection),
with the plane of protection positioned perpendicular to the line between the nozzle and this plane. See
Figure 32A.2. Water from the nozzle is to be discharged for at least 30 seconds or the time required to
exhibit a characteristic spray pattern. The spray angle and pattern, as determined by visually observing
the wetted surface of the plane, is to be compared to the manufacturer’s installation instructions. The
nozzle can optionally be positioned at a location other than the center of the plane of protection to
measure the spray angle. The nozzle is then to be positioned 10 feet (3 m) or the maximum distance
specified in the manufacturer’s instructions, whichever is less, and observations made for impingement of
water on the plane of protection.

32A.3.1 added June 3, 2014

Figure 32A.2
Open spray nozzle, plane of protection

Figure 32A.2 added June 3, 2014
PLANE OF PROJECTION

10%ft, (3 m)

s
P

spray pattérm
—~

~
s

7,

ozzle orientation angle

floor

SM13478B

33 10-Day (orrosion Test

33.1 The external parts of an automatlic nozzles shall withstand an exposure 1o salt spray, hydrogen
sulfide, and carbon dioxide-sulfur dioxide atmospheres when tested in accordance with 34.1.4 — 34.5.1 for
10 days each. Following the exposure, the Sensitivity — Oven Heat Test, 21.2, is to be conducted on the
nozzles.
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33.2 Each sample shall be operable, and the average time of operation shall not increase more than a
1.3 multiple when compared with the average time of operation of samples not subjected to the 10-Day
Corrosion Test. During the corrosive exposure, the inlet thread orifice is to be sealed by a plastic cap after

the nozzle has been filled with de-ionized water.

33.3 Deleted February 24, 2009

34 30-Day Corrosion Test

34.1 General

34.1.1 The external parts of an automatic nozzle having a corrosion-resistant coating or plating shall

withstand an
when tested
Oven Heat T
time of oper
samples not

34.1.2 Delet

34.1.3 Not m
subjected to

34.1.4 Three
exposed to 2

dioxide. During the corrosive exposure, the inlet thread orifice is to be sealed by a plastic

nozzle has b

34.1.5 CAU
also flammah

readily notice

exposure to salt spray, hydrogen sulfiide, and carbon dioxide-sulfur dioxide
in accordance with 34.1.3 — 34.5.1 for 30 days. Following the exposureithe
st (see 21.2.1 — 21.2.5) is to be conducted. Each sample shall be operable} an

ubjected to the 30-Day Corrosion Test.
34.1.1 revised June 3, 2014

bd February 24, 2009

ore than 5 days, nor less than 1 day, after the exposuté period, each sample n
he Sensitivity — Oven Heat Test (see 21.2.1 — 21.2)5)Yfor determination of its o

groups, each consisting of five sample nozzles, are to be assembled. One ¢
0 percent salt spray, the second to hydrogen sulfide, and the third to sulfur d

ben filled with de-ionized water.
34.1.4 reyised June 3, 2014

TION — Hydrogen sulfide and-sulfur dioxide are both toxic gases. Hydrogen

able. Due to their unpleasant odor and irritant effect, they give warning of thei

atmospheres
Sensitivity —
1 the average

tion shall not increase more than a 1.3 multiple when compared tQ the avegrage time of

bzzle shall be
berating time.

roup is to be

oxide-carbon
cap after the

sulfide gas is

le. Therefore, such gases\must be stored, transferred, and used only with gas-{ight systems.
Adequate ventilation must also be supplied to handle any accidental leakage. Presence of t

hese gases is
[ presence.
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34.2 Salt spray

34.2.1 The samples are to be supported vertically and exposed to salt spray (fog) as specified in
Standard Practice for Operating Salt Spray (Fog) Testing Apparatus, ASTM B117, except that the salt
solution is to consist of 20 percent by weight common salt (sodium chloride).

34.2.1 revised February 24, 2009

34.3 Samples for moist hydrogen sulfide air mixture test and moist carbon dioxide-sulfur
dioxide air mixture test

34.3.1 Deleted February 24, 2009
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34.4 Moist hydrogen sulfide air mixture

34.4.1 The samples are to be supported vertically and exposed to a moist hydrogen sulfide air mixture in
a closed glass chamber maintained at 75 +5 °F (24 £3 °C). On five days out of every seven, an amount
of hydrogen sulfide equivalent to 1.0 percent of the volume of the chamber is to be introduced into the
chamber from a commercial gas cylinder, the volume required being measured with a flow meter and
timer. Prior to each introduction of gas, the remaining gas-air mixture from the previous day is to be
thoroughly purged from the chamber. On the two days out of every seven that this does not occur, the
chamber is to remain closed and no purging or introduction of gas is to occur. During the exposure, the
gas-air mixture is to be gently stirred by means of a small fan located in the upper middle portion of the
chamber. A small amount of water (10-ml/0.003 m3 of chamber volume) shall be maintained at the bottom

of the chamb

er for humidity.

34.5 Moist darbon dioxide-sulfur dioxide air mixture

34.5.1 The s
air mixture in
an amount o
sulfur dioxide
introduction ¢
the chamber
closed and n
chamber voll

35 90-Day Moist Air Test

35.1 An autd

35.2 for a petiod of 90 days. Following the exposure, each test sample shall operate at a sen

not exceedin

35.2 Five sa
be placed in
+2°F (95 +1°
have heat re

35.3 After th
pressure of 7
to a uniform

34.4.1 revised February 24, 2009

amples are to be supported vertically and exposed to a moist carbon dioxide-
a closed glass chamber maintained at 75 £5 °F (24 £3 °C). On five days out of
carbon dioxide equivalent to 1.0 percent of the volume of the_chamber, plus
equivalent to 1.0 percent of the volume of the chamber, are-to be introduced.
f gas, the remaining gas-air mixture from the previous day is to be thoroughly
On the two days out of every seven that this dogs not occur, the chamber
0 purging or introduction of gas is to occur. A small amount of water (10-m
me) is to be maintained at the bottom of the chamber for humidity.

34.5.1 revised February24; 2009

matic nozzle shall withstand an exposure to high temperature-humidity in acq
j 7 psig (0.48 bar) within 5 séconds after operation of the heat responsive ele

mples are to be installed-on a pipe manifold that contains water and the entire
a temperature-humidity ‘chamber for 90 days. The temperature of the chambe
C) and the humidityis to be 98 +2 percent. The nozzle samples for the moist
bponsive elements that have a temperature rating to withstand the elevated te

35.2 revised February 24, 2009

£ exposure, each sample is to be installed on piping and supplied with wate
psig (0.48 bar). Each nozzle is then to be activated by exposing the heat respo

sulfur dioxide
every seven,
an amount of
Prior to each
purged from
is to remain
/0.008 m3 of

ordance with
Vice pressure
ment.

manifold is to
ris to be 203
air test are to
mperature.

r at a service
hsive element

ppplication of heat. The operating parts intended to be released from the noz

zle assembly

shall be thrown clear of the frame and deflector within 5 seconds after operation of the heat responsive

element.
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36 Stress-Corrosion Cracking Of Brass Nozzle Parts Test

36.1 After being subjected for 10 days to a moist ammonia exposure as described in 36.2 and 36.3, a
nozzle having brass parts shall:

a) Show no evidence of cracking, delamination, or degradation; and

b) Perform as intended.

36.1 revised February 24, 2009

36.2 Five samples without any plating or coating are to be degreased and then exposed for 10 days to
a moist ammonia-air mixture maintained in a glass chamber having a glass cover.

36.3 A suffic
gravity of 0.9
1.5 +0.5,-0i
moist ammo
temperature

36.4 After th
magnification
Operating pal
withstand, wi
maximum de
exposed to

degradation

flowing water

37 Stress-C

37.1 Austeni
degradation,
chloride solut
500 hours fo

36.2 revised February 24, 2009

ent amount of aqueous ammonia to cover the bottom of the chamber ang’hav
4 is to be maintained during the test. The lowest portion of the samples are to
hches (38.1 +12.7 mm, -0 mm) above the liquid surface and supported on an i
hia-air mixture in the chamber is to be maintained at atmospheric press
constant at 93 +2°F (34 £1°C).

36.3 revised June 3, 2014

e exposure period, the test samples are to be examined using a microsc
of 25x for any cracking, delamination or other degradation as a result of the t

hout leakage, a hydrostatic test pressure of 175 psig (12.1 bar) or one equi
Sign pressure, whichever is greater, for<hfminute, and operate at 7 psig (0.4
b uniform application of heat. When_the samples have any cracking, del
bf non-operating parts as a result .of>the test exposure, they shall withstand
at the rated pressure for 30 minutes.

364 revised June 3, 2014
brrosion Cracking of Stainless Spray Nozzle Parts Test
lic stainless steel paris of a nozzle shall show no evidence of cracking, del

ion. The exposure to the solution is to be 150 hours for nozzles intended for ng
I nozzles having stainless steel parts not protected by a corrosion resistant

intended for Yise in cofrgsive atmospheres. See 37.2 — 37.7.

37.1 revised February 24, 2009

37.2 Five s

ing a specific
be positioned
nert tray. The
ure with the

bpe having a
est exposure.

rts exhibiting degradation as a result of the testiexposure described in 36.2 gnd 36.3 shall

alent to their
18 bar) when
hmination, or
the forces of

amination, or

or shall demonsirate intended performance, after being subjected to boiling magnesium

rmal use and
coating when

mples without any plating or coating are to be degreased prior to being ex

posed to the

magnesium chloride solution.

37.2 revised February 24, 2009

37.3 Parts used in nozzles are to be placed in a sealed glass chamber that is fitted with a thermometer
and a wet condenser. The flask is to be filled one-half full or to a level at least 0.5 inches (1.27 cm) above
the test sample with a nominal 44 percent by weight magnesium chloride solution, placed on a
thermostatically-controlled electrically heated mantel, and maintained at a boiling temperature of 302 +2°F
(150 +1°C). The parts are to be unassembled, that is, not contained in a nozzle assembly. The exposure
is to last for 150 or 500 hours, as specified in 37.1.

37.3 revised June 3, 2014
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37.4 After the exposure period, the test samples are to be removed from the boiling magnesium chloride
solution and rinsed in de-ionized water.

37.5 The test samples are then to be examined using a microscope having a magnification of 25x for any
cracking, delamination, or other degradation as a result of the test exposure. Test samples exhibiting
degradation are to be tested as described in 37.6 or 37.7, as applicable. Test samples not exhibiting
degradation comply with the requirements and shall not be tested further.

37.6 Operating parts exhibiting degradation are to be reassembled into the nozzle or, if this is not
possible, new parts tested as follows. Five new sets of parts are to be assembled in nozzle frames made
of materials that do not alter the corrosive effects of the magnesium chloride solution on the stainless steel
parts. These test samples are to be degreased and subjected to the magnesium chloride solution
exposure spdcified In 37.3. Following the exposure, the Test samples shall withstand, withdut leakage, a
hydrostatic tgst pressure at their rated pressure for 1 minute, and then operate at 7 psig\(0'38 bar) — see
Operation — lodgement Test, Section 22.

37.6 revised June 3, 2014

37.7 Non-opgrating parts exhibiting degradation are to be reassembled into e nozzle or if this is not
possible, new parts tested as follows. Five new sets of parts are to be assembled in nozzle [frames made
of materials that do not alter the corrosive effects of the Magnesium chlaride solution on the gtainless steel
parts. These| test samples are to be degreased and subjected ,tolthe magnesium chigride solution
exposure spdgcified in 37.3. Following the exposure, the test samples. shall withstand a flowinlg pressure of
175 psig (121 bar) for 30 minutes without separation of permapently attached parts.

37.7 revised February 24,2009
38 Dezincification Test of Brass Parts

38.1 General
38.1.1 Automatic nozzle parts that are made(of a copper alloy containing more than 15 percent zinc and
normally exppsed to system water are ndt.to exhibit the following after exposure to a copper chloride
solution for 144 hours:

a) Ap average dezincification depth exceeding 100 pm (0.0039 inch); and

b) An individual reading of dezincification depth exceeding 200 um (0.0079 inch).
38.1 relocated as 38.1.1 February 24, 2009
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38.2 Reagent

38.2.1 A test solution is to be prepared by dissolving 12.7 g (0.028 pound) of copper (ll) chloride
dihydrate (CuCl,2H,0) in distilled water and then making up the volume to 1000 ml (0.26 gallon). Fresh

solution is to

be used for each test.
38.2.1 added February 24, 2009

38.3 Test Pieces

38.3.1 Three test pieces are to be taken from the nozzle part. These pieces are to be cut in such a way,
for example by sawing and grinding with light pressure, that the properties of the materials are unaffected.
The area of each of the test pieces to be exposed shall be approximately 100 mm?2(0.155 in3).

38.3.2 Each
and the test 4

are to be cleaned with ethanol prior to testing.

38.4 Method

38.4.1 Each
solution so th
beaker cover
method of se
gallon, -0.002

surface of the test piece.

38.4.2 The b
bath with the
for 144 hours
in the ethano

38.4.3 Micro
exposure. If t
Each test pie
resin attache
a thermoset

38.3.1 added February 24, 2009

test piece is to be embedded in a thermoset resin having minimal shrinkage g
urface ground using wet abrasive paper, finishing with 500 grade or finer. The

38.3.2 added February 24, 2009

test piece is to be placed in the middle of the beaker containing the coppe
at the test surface is vertical and at least 15 mm/(0.59 inch) above the bottq
bd with suitable plastic foil, for example polyethylene, secured with elastic thre
aling using non-metallic compound. A total of'250 ml (+50 ml, -10 ml) [0.066
6 gallon)] of the copper (ll) chloride solutioltis required per 100 mm?2(0.155 in

38.4.1 added February 24, 2009

temperature maintained at 75:2°C (167 £3°F). The test piece is to be exposed
. At the end of this period;\thiey are to be removed from the beaker, washed in
, and allowed to dry.

38.4.2 added February 24, 2009

scopic examijnation of the test piece is to be conducted as soon as poss
he test piecesiare stored before microscopic examination, they are to be kept in
Ce is to pesectioned at right angles to the exposed test surface, and the remain
0 to the“section is to be removed. The cross-sectioned piece is then to be re-

microscopic ¢xamination. The total length of section through the exposed surface is not to h

esin_having minimal shrinkage, and the area to be viewed is to be ground an

haracteristics
test surfaces

r (1) chloride
m of a glass
ad or another
allon (+0.013
) of exposed

eaker containing the test piece.is' to be placed in the thermostatically controll¢d oven or oil

continuously
water, rinsed

ble after the
a desiccator.
ng thermoset
embedded in
l polished for
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mm (0.2 inch). If the dimensions of the test piece make this impossible, the section is to be taken to
provide the maximum possible total length.

38.4.3 added February 24, 2009

38.4.4 The dezincification depth measurements are to be made at five evenly spaced locations and the
average calculated. The dezincification depth is to be measured from the post-exposed test surface and
not include the sample edge. The maximum dezincification is to be recorded and the average depth
calculated. Magnification is to be used to provide the greatest accuracy of measurement.

38.4.4 added February 24, 2009
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