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Executive Summary

Conventional sprinklers operate due to convective flow of hot gases past the heat responsive element,
which renders them ineffective in situations where hot gases from the fire plume are not in direct
contact with the sprinkler. For example, following an ignitable liquid tests with grated mezzanine
construction inside FM Global’s Large Burn Laboratory, several sprinklers failed to operate even when
residing directly adjacent to a significant fire. In one case, a sprinkler pipe immersed in the fire broke
without activating attached sprinklers. This test observation identified a need for a radiation-activated
sprinkler (RAS).

In this study, a new conceptual sprinkler design is proposed that activates when exposed to external
radiation. The business benefit to FM Global of a RAS is to maximize the sprinkler effectiveness in special
situations, such as external exposure protection, sprinkler protection beneath grated mezzanines, and
protection from other unique fire hazards, such as covered open yard storage. This study is presented in
three phases.

In the first phase, the response of conventional, commercially available sprinklers and sprinkler links was
measured by exposing them to external radiation. These tests were conducted to provide data and
insights into how conventional sprinklers respond to external radiation; how the sprinkler orientation
impacts the response time; what heat responsive element type (glass bulb or soldered) fuses faster
when exposed to external radiation; and if the heat transfer physics can be modeled effectively.

Quick Response (QR) and Standard Response (SR) sprinklers were tested inside the Small Burn
Laboratory at FM Global’s Research Campus in West Glocester, RI, USA. The response times of both
soldered and glass-bulb sprinklers were measured as a function of external radiation intensities - set
between 8 and 21 kW/m’. Standard response high-temperature-rated (141°C) glass-bulb sprinklers
operated slowly and required as much as 16 kW/m? to operate. When turned 90° with respect to the
incoming radiation, glass-bulb links took longer due to the obstruction of the radiation by the sprinkler
arms. In some cases, sprinklers did not operate at all.

In addition to QR and SR sprinklers, individual soldered, quick response (QR) links, removed from their
sprinkler housing, were tested using a Fire Propagation Apparatus (FPA). These tests were conducted
with uniform heat fluxes ranging between 2 kW/m* and 10 kW/m?. FPA measurements included both
the link activation times and surface temperature histories, which were recorded using a long-wave IR
camera. A 1-D transient heat transfer model could successfully predict the operating times and
temperature histories of these soldered links.

Based on the findings during Phase |, it was concluded that a radiation-activated sprinkler design should
(1) contain sprinkler links comprised of soldered thin fusible elements and (2) orient links within a
sprinkler to maximize exposure to external radiation from any direction, i.e., optimize the view factor.
The knowledge gained during Phase | was used in the design of a new, conceptual, radiation-activated
sprinkler.
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Phase Il focused on the design, development, and testing of two novel radiation-activated sprinkler
designs (namely, RAS A and B). During this part of the study, fifty-three sprinkler activation tests were
performed. All tests were conducted inside FM Global’s Small Burn Laboratory (SBL) in West Glocester,
RI, USA.

Both RAS A and B consisted of modified versions of existing, commercially available, residential
sprinklers. Both RAS were tested at external radiation levels ranging between 2 kW/m? and 11 kW/m?
using a special test apparatus. The effect of the incoming radiation angle was studied by exposing both
sprinklers at 0° and 45° with respect to the centerline of the sprinkler.

The effects of several parameters influencing the radiation-activated sprinkler’s performance were
tested in a systematic manner. Three RAS design characteristics influencing performance were studied;
namely, the emissivity of the heat responsive element, the use of a reflector behind the element, and
insulation on the backside (unexposed side) of the element. The effects of these parameters were
examined via a full-factorial Design of Experiments (DoE) method.

The experimental results successfully demonstrated the RAS designs. On average, both RAS designs
operated between 100 and 16 seconds when exposed to radiant flux levels ranging from 2 kW/m? to
11 kW/m?, respectively. Further testing showed that the high emissivity coating on the heat responsive
element had the greatest effect on reducing response times. Placing a reflective mirror behind the
element also reduced the activation time significantly. Insulating the backside of the element had a
marginal effect on the measured activation time.

In the third and final phase of this study, Phase Ill, the benefit of the RA sprinkler over conventional,
commercially available sprinklers was demonstrated via ten side-by-side tests. In the test setup, the
radiant fire source consisted of a 1.0-m diameter heptane pool fire. Both the RA sprinklers and a
conventional quick-response (QR), glass-bulb sprinkler were placed at a 3.0 m vertical and 2.0 m
horizontal distance on opposite ends from the centerline of the pool fire. On average, the RA sprinklers
activated 100 seconds after ignition of the pool fire, while the conventional QR sprinklers failed to
operate in all but one instance. A multi-node radiant heat transfer model is used to confirm the
estimates of radiant exposure based on measured sprinkler response.

The demonstration tests showed that the RAS concepts implemented in the modified sprinklers
performed favorably in situations in the absence of a flow of hot gases past the sprinkler and where the
main heat transfer mode was radiation. Therefore, the transfer of technology that leads to the
development of commercially available radiation-activated sprinklers is recommended.
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5. Summary and Conclusions

Conventional sprinklers operate due to convective flow of hot gases passing the heat responsive
element, which render them ineffective in situations where hot ceiling layers are not formed. In this
study, a new conceptual sprinkler design, defined as radiation-activated sprinkler (RAS), is proposed that
can activate when exposed to external radiation.

The benefit of the RAS as a protection solution includes limiting the exposure from hazards such as
external exposure protection, sprinkler protection beneath grated mezzanines, and special fire hazards
such as covered open yard storage. This study has been structured in three phases.

In the first phase, individual fusible elements, removed from their sprinkler housing, were tested using
the Fire Propagation Apparatus (FPA) at heat fluxes ranging between 2 and 10 kW/m?.

The second phase focused on the development and testing of the application of the RAS. Two RASs were
designed, fabricated, and tested. This second phase successfully demonstrated the development of a
RAS by applying practical modifications to existing sprinkler types. These adapted sprinkler designs have
great potential in protecting situations were conventional sprinklers are ineffective.

The effect of modifications on the first RAS (labeled RAS A) was studied systematically using a Design of
Experiments (DoE) approach. For the second RAS (referred to as RAS B) design, only the effect of a high
emissivity coating was investigated.

The testing of both RAS A and B led to the following conclusions:

* When exposed to external radiation, the RAS developed in this study were capable of operating
at heat flux level as low as 3.0 kwW/m?,

e For the prototypes tested, the greatest effect with respect to increasing the sensitivity of the
RAS is accomplished by applying a high-emissivity coating to the fusible element.

e For the prototypes tested, the second greatest effect is accomplished by placing a reflector
behind the fusible element — this redirects some of the incoming radiation back onto the
fusible element.

e The effect of both backside insulation of the fusible element or a high emissivity coating
applied to the backside of the element is statistically insignificant.

In the third and final phase, the effectiveness of applying the RAS concept was demonstrated using a
heptane pool fire scenario. The results of ten tests showed that the two developed RAS types activated
after a 60-140 second exposure to the pool fire. Conventional, quick response (QR), pendent glass-bulb
sprinklers placed at equal distance from the pool fire failed to operate in all but one test, clearly
demonstrating the effectiveness and benefits of RAS.

Using multi-node source analysis resulted in predicted radiant heat fluxes that reasonably agreed with
those inferred from the measured activation times. The multi-node analysis can be used to estimate RAS
activation times when reasonable estimates of the fire exposure can be made and hence support
specific installation design guidance.

The full report is available on the FM Global web site at :

Loss Prevention Technical Research Reports — FM Global
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NFPA ANNUAL 2023 CONFERENCE & EXPO
REGISTRATION Is Now OPEN

CsioniN || weaRT(0)
l_]\ NATIONAL FIRE PROTECTION ASSOCIATION SN R NN
“ The leading ind jon and & 4 on fire, electrical and related hazards

CODES & STANDARDS  SOLUTIONS NEWS & RESEARCH TRAINING & CERTIFICATION PUSLIC EDUCATION MEMBERSHIP

REGISTRATION NOWOPEN!
2023 NFPA CONFERENCE & EXPO

LAS VEGAS, NV

Register

June 19-23, 2923 \ CONFERENCE
Conference & Expo { June 19-21 w & EXPO

Tochnical Meating | June 22-23 NFPA'
Mandatay Bay Convention Center

Mark your calendar' Planning is under way for NFPA Conference & Expo® 2023 in Las Vegas

We're excited to interact with all the professionais that make up the fire and life safety community. We'ra looking forward to networking,

creating needed solutions. and continuing to provide the most comprehensive education and certification programs avallable

To register for this years event as well as additional infor-
mation click on the following Link:

2023 NFPA Conference & Expo | NFPA
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Fusible Link Newsletter Advertisement - 2023

Name:

Company:

Phone Number

E-mail Address:

Membership Renewal Fee: (CIRCLE ONE)

Business Catd .ouimasinasnad 100
APage ..o v $ 250
IR PAGB. s cusmmsssuniss s $ 500
Bl PHRO .. oiiaonvssnamanamisnissisare P 15000

Payment: - To pay by Credit Card online click here: [HERI

To pay by mail make vour check out to: “NJ Chapter SFPE™ and send along with
this Form to: .

Vicki Lynn Serafin — Fusible Link

NJ Chapter SFPE

P.O. Box 8268 Parsippany, NJ 07054-1196

*Please send your Scanned Business Card or Artwork to the following e-mail
address: nchreit522@gmail.com

Any questions call Vicki at: 973- 902-1319

Thank vou for vour continued support
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New Jersey

New Jersey Chapter SFPE, Inc.
354 State Street
Hackensack, NJ 07601

Donate to the NJ Chapter SFPE

The New Jersey Chapter SFPE is a 501c3 organization and was formed exclusively for charitable purposes
and specifically to advance the art and science of fire protection engineering and its allied fields, to maintain a
high ethical standard among its members, and to foster fire protection engineering education amongst mem-
bers of the profession and those interested in joining the profession. In addition, the organization promotes
education of individuals in these fields of study and employment through continuing education programs and
other events intended to promote the interests of the SFPE in the New Jersey areas.

If you would like to donate to the Chapter, go to the link HERE

If you have any questions email us at richreit522@gmail.com
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You have unique challenges.
Meet our unique solution.

With the industry’s leading versatile solution,

our IBC Containment Unit can address your most
high-risk applications, while you can avoid costly
sprinkler system upgrades!

The FM Approved IBC Containment Unit from
Viking offers a versatile solution for ignitable
liquid storage protection!

Removable sides allow for installation

flexibility! Avallable with sides up....

A large capacity holding tank maximizes
containment possibilities!

Features convenient fork lift and pallet truck

LAt ..or sides down!
accessibility.

Folding door makes access a breezel

E E. Learn More

Our useful YouTube video explaing in depth how the 1BC
containment unit protects manufacturing or similar type
applications from a challenging fire event

NIKING



Fusible Link Page 12

NITED "

FIRE SYSTEMS

W

ATTENTION SPECIFIERS!

LEARN AND EARN
(CEU credits, that is!)

With UNITED Fire Systems Training Courses

NICET Recognized

ALY
/0




Fusible Link

Page 13

Meeting Dates/Programs 2022-2023

In person meetings are held at the Hanover Manor, 16 Eagle Rock Avenue, East
Hanover, NJ with social hour starting at 5 pm and dinner at 6 pm.

2022-2023 SFPE Program

Schedule

Presenter

Location

TBD TBD

February or March
TBD

FM Global,
Parsippany, NJ

Annual Technical Seminar With
AFAA NJ Technical Presentations
and Tradeshow

April 20th, 2023

The Hanover Manor

Webinar Meeting TBD

May- TBD

Annual Meeting TBD

June 12, 2023

The Hanover Manor

James Goerl Memorial Golf Outing

June 5th, 2023
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Construction Manager Fire Protection Engineer (CM-FP)
ISI Professional Services
New York, NY 10010

Full-time

IS| Professional Services is seeking a Construction Manager - Fire Protection Engi-
neer (CM-FP) in New York, NY who can provide both construction management and
fire protection engineering expertise. The ideal candidate will possess experience re-
viewing design and construction plans against existing site conditions. Experience in
the resolution of unforeseen site and design conditions/problems and propose cost ef-
fective technical solutions, as well as experience conducting inspections and invento-
ries of such structures to identify and note deficiencies, problems, or the general phys-
ical condition of such structures.

More Information click HERE


https://www.indeed.com/viewjob?jk=cb5a89c9684e25c5&from=mobRdr&utm_source=%2Fm%2F&utm_medium=redir&utm_campaign=dt
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Looking for HPR Experienced Engineers!
R

L ; Risk Logic Inc.

Risk Logic Inc. is an unbundled Property Loss Prevention Engineering company that has been performing
HPR (Highly Protected Risk) inspections for 23 years all over the world. We are actively looking to expand
our network of engineers helping us to inspect large commercial property facilities.

The good stuff:
No corporate BS — Use your skills to conduct surveys, write reports, and get paid
Work when you want, where you want
Perfect for recent qualified Retirees
Opportunities for domestic and international travel, including:
Hawaii
The Caribbean
South Africa
Europe
Florida
California
The qualifications:
Knowledge of FM Global and NFPA Standards
PE license a plus
The details:
Paid on a per-job basis
We pay you the day you submit your report. Our competitors do not!
Travel required
Determine adequacy of A.S. systems and water supplies for manufacturing and storage occupancies
Analysis of natural hazard exposures
Develop recommendations for improvement
Expertise in NLEs, PMLs, and MFLs
Strong technical writing skills
Self-motivated person who can work from home

To apply, please email your Resume and experience in Specialty Occupancies to efitzgerald@risklogic.com

Advertising in the Fusible Link

It is a new advertising year and we invite you to participate with a spot in our Chapter news-
letter the Fusible Link. We have a few options to get your name out to the full membership
and also to be a part of our website, Just click on the convenient link below to register
now. Thanks in advance for your consideration to advertise with us today. We appreciate
your support of the Chapter.

NJ Chapter SFPE Fusible Link Advertisement 2021 (constantcontact.com)
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NJ-NY Metro
FOUNDATION

Donate today and help a Fire Protection Engineering student
reach their goal of becoming an FPE. Your donation is also
tax deductible. www.njsfpe.org/scholarship_fund_donations

§ OLIVER »,

NR! PROTECTION & SECURITY

Allison Caldaer 24 Cokeshury Foad, Suife #9
Project Manager Lebanon, NJ 08833
acadar@olverfps.com Cel. 201-874-2585

www.olivarfps.com

Reliable Automatic Sprinklor Co., Inc.
Manufactorer and Cistributer of
Fire Protection Equipment

teliable

Sam Schwander

SIEMENS

Paul Sanfilippo

Territory Sales Manager
Metro
Contral Products & Systams

Siemens Incustry, Inc,
Building Technologies Division

18 Bobolink Lane
Levittown, NY 11756

Mobila +1 576 840-0461
Efax  +! 866 572-5993
paul sanfilippo@semens com
usa siemens.comindustry

NIKING

James Dooley
Business Development

jdooley@vikingeorp.com
v vikinggeoupine com

Viking Corporation
210 N, Indhustrial Park Drive
Hastings, M| 49058

Office-  (BOO) 968-9501
Cell: (215) 280-4764

Paul McGrath
Prasident
Pormi #200072
CITY FIRE
| EQUIPMENT co., INC

733 Rdgecae Ao,

ERS1 Hanover, Nl 07238

Prong: (9731 5801600 avt. 204
Fav (973) 7611000 « Call {973) 4766132 Srapuion & Wekng o

paukBciylire com

www.cityfire. com

NCET Rl 11‘-!

Watsy Beseut & rv
Lavzt &

Technical Services Manager
ssenwander@vellablesprinkles com T:800.557.2726
1470 Smith Grove Road, Liberly, SC 29657 D: 8648435218
www.reliablesprinkler.com F:864.843.3073
SLICER & ASSOCIATES
Fire Protection and Loss
Prevention Consulting
J. Sargent “Sarge™ Slicer, FSFPE
P.O. Box 1647 Office 508-243-307

West Chatham MA 02669-1647  Mobile 9."49;—0369
VM & Fax 866-393-6172

Member - SFPE & NFPA sargeshicer gmail com
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ORR Protection wwRRY

Misoo Ocs Fiy fratecion Epen*
Toll Free: 800.473.5554

Larry Lussler Office:  908.353.8256

Senior Account Manager Mobile: 302.270.5050
@orrprotection.com Toll Free: 800.347.9677

575 Lexington Avenue, 4th Floor NCET #1356

New York, NY 10022 ﬁ NACET

A0 T

l orrprotection.com

ss l Tom Findlay
Engineered System Sales

Fire & Explosion Protection

DIRECT: 810-233-5854

CELL: 215.605.7689

E-MAIL: tind'zy@supgressionsystzims.com
MAIN: 610.709.5000 = B00-360.0687
FAX, 810-703.5001

155 NESTLE WAY « SUITE 104
EREINIGSVILLE, PA 18031

WwW.suppressionsystems.com

Instaflation, Inspection, Testing and Maintenance of:

* Gaseous Agent & Waler Msl Systems
* Explosion Protection

« Detection & Control

» Firs Alarm Systems

+ Industnal Dry Cherrical Systems

For 24/T Emergency Service, call 800-360-0687

Walter Nugent 111, MPA

Flte Scien

IR New Serwey Plo Sprinkier
& S ONFSA
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- e - e e

DAVID KURASZ

Executive Director
127 Route 206, Suite 11, Hamilton, NJ 08610
Phone: 866-226-60040
Fax: 606-585 3238

I Emnik Karasz@nfsa org
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AFSA http://www.firesprinkler.org/
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ASHRAE http://www.ashrae.org/

Campus-Firewatch http://www.campus-firewatch.com/
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index.cfm
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