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Southwest Research Institute (SWRI) conducted a jet fire test in accordance with Offshore
Technology Report OTI 95 634, "Jet Fire Test of Passive Fire Protection Materials" to determine the fire
performance of the passive fire protection (PFP) system for tubular steel sections described herein. The
Protective Concepts, Inc. design was identified as a PCI test sample, and consisted of multiple layers of
PVC/Nylon Membrane, 8-1b Ceramic Blanket, Stainless Steel Foil, Alumina Silica Cloth, 304 Stainless
Steel and Inconel Mesh, and a PVC/Nylon Membrane. The system was a two-piece flexible cover, which

was placed over the tubular steel section and held in place with high-temperature straps.

Twenty inconel-sheathed thermocouples (TC'’s) were attached to the surface of the tubular steel
section to monitor and record the temperature response during the planned 60-min exposure period. The
performance criteria established for the PFP system was to limit the temperature on the insulated tubular
steel section to less than 400°C (752°F).

After 30 min of fire exposure, the average temperature recorded by the 20 TC's attached to the
surface of the tubular steel section was 51°C (124°F) with a maximum single temperature of 70°C
(158°F, TC No. 18) measured at the front of the far right section. The test was terminated at 60 min, at
which time the average temperature recorded by the 20 TC's attached to the unexposed face of the steel
pipe was 136°C (277°F) with a maximum single temperature of 170°C (338 °F measured at TC 19. The
temperatures at the conclusion of the 1-hr jet fire exposure were below 400°C (752°F), meeting the

performance criteria established for the PFP system.

Post-test inspection found the PFP system to be intact with the surface burned and charred. The
surface of the PFP system at the impingement zone showed little erosion, with the protective sleeve still
in place over the tubular sample. Photographic and video documentation of the post test inspection are

included with this report.



1.0 INTRODUCTION

This report describes the jet fire testing of a steel tubular section protected with a passive fire
protection (PFP) system fabricated by Protective Concepts, Inc. of Tomball, Texas, and includes
descriptions of the test procedure followed, assembly tested, and the results obtained. The system tested
consisted of multiple layers of PVC/Nylon Membrane, 8-Ib Ceramic Blanket, Stainless Steel Foil,
Alumina Silica Cloth, 304 Stainless Steel and Inconel Mesh, and a PVC/Nylon Membrane. The results
presented in this report apply only to the material tested, in the manner tested, and not to any similar

materials or material combinations.

Offshore Technology Report OTI 95 634, "Jet Fire Resistance Test of Passive Fire Protection
Materials," was developed to evaluate the duration for which PFP materials will protect a representative

structural member during a jet fire test.

The jet fire test exposes the test specimen to a simulated high-pressure, propane fuel fire
producing significant erosion loads due to the sonic exit velocities, in combination with the high-heat
loads to evaluate the fire performance of the assembly under conditions resembling a full-scale impinging
jet fire from a high-pressure leakage as found on offshore platforms and onshore process plants. The heat
and erosion loads from the high-velocity jet impinging on a test sample are much more severe than in

a furnace test, which simulates the thermal exposure conditions of a hydrocarbon pool fire.

2.0 JETFIRE FACILITY

2.1 Jet Fire Facility

Southwest Research Institute's (SwRI) jet fire facility, located in San Antonio, Texas,
is equipped with storage tanks holding approximately 4,000 kg of commercial propane, a 1,530 kg/hr

vaporizer, and the jet nozzle.

The jet fire nozzle shown in Figure A-2 is a converging nozzle with a 52.0-mm inlet and
a 17.8-mm outlet. The overall length of the nozzle is 300 mm, with the back 100 mm having 88.9-mm
NPT threads to attach the supply line. The forward 200 mm of the nozzle converges to the exit point to

produce the sonic exit velocities. Pressure and temperature taps are located 11.0 mm from the exit.
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The flow from the vaporizer to the nozzle is controlled by a continuously updated,
computer monitored, orifice plate flow meter. The flow is calculated by continuously recording the
differential pressure across the orifice plate and the static pressure of the propane vapor. The propane
flow is temperature compensated, and the variables are processed by the computer through standard flow
equations. The test was conducted in SwRI's Jet Fire Facility, which is 12.2 m x 18.3 m with a 12.2-m

high ceiling.

2.2 Nozzle and Sample Position

The protected tubular steel section is positioned horizontally across the front of an open
front steel box as shown in Figure A-3. The tip of the nozzle is located 1.00 m from the surface of the
. PFP system with its center %2 of the height of the test open fronted box. The jet flame is aimed
horizontally and normal to the rear wall of the open fronted box and impinges on the centerline and
midline of the test specimen. This nozzle-target orientation produces average total heat fluxes of

approximately 300 kW/m?® with peaks of approximately 350 kW/m>.

2.3 Test Fuel

The fuel used during the test was commercial propane, delivered as vapor without a
liquid fraction at a steady rate of 0.30 * 0.05 kg/s (347 £ 58 SCFM). The mass flow rate was recorded
continuously throughout the test by the orifice plate flow meter, and the temperature and pressure at the

nozzle were monitored continuously throughout the test.

3.0 TEST ASSEMBLY
3.1 Passive Fire Protection System

The PCI PFP system, consisted of a multilayered two-piece flexible cover, which was
placed over the tubular steel section and held in place with high-temperature straps. The system was
comprised of multiple layers of: PVC/Nylon Membrane, 8-1b Ceramic Blanket, Stainless Steel Foil,
Alumina Silica Cloth, 304 Stainless Steel and Inconel Mesh (.011-diameter wire, .125-in. mesh), and a
PVC/Nylon Membrane. All closures used a 100-mm (4-in.) overlapping flap with a hook&loop fastener
system with stainless steel "D" rings. Design schematics were provided by Protective Concepts, and are
presented as Figures A-4 and A-5 of Appendix A.
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The protective membrane was 2540 mm (100 in.) in length, and had an overall outside
diameter of 406 mm (16 in.). The assembly was placed over a 3000-mm (118-in.) section of 254-mm

(10-in.) Schedule 40, steel pipe.

3.2 Instrumentation

The surface of the tubular steel section was instrumented with 20 Inconel sheathed TC's
as shown in Figure A-6 of Appendix A. The data acquisition system used was configured to scan the
thermocouples at a 4-5 sec scan rate. Data was subsequently reduced to provide roughly 3 scans per min
(depending on original data). The data is provided (in reduced form) in Appendix C, along with
graphical representations of the data.

4.0 TEST RESULTS

On September 4, 1998, with Mr. Alan Ester of Protective Concepts, Inc., Mr. Gary Rektorik with
Det Norske Veritas, and Mr. Wes Niewiadomski with Lloyd's Register of Shipping (office located in
Houston, Texas) present to witness testing, the thermocouple connections were verified and the jet fire
ignited to begin the 60-min fire exposure test. The ambient temperature at the beginning of the test was
27°C (81°F).

After 30 min of fire exposure, the average temperature recorded by the 20 TC's attached to the
surface of the tubular steel section was 51°C (124°F) with a maximum single temperature of 70°C
(158°F at TC No. 18) measured at the front of the far right section. The test was terminated at 60 min,
at which time the average temperature recorded by the 20 TC's attached to the unexposed face of the steel
pipe was 136°C (277°F) with a maximum single temperature of 170°C (338°F at TC 19).

Time/temperature plots for the sample TC’s are shown in Pages C-1 to C-4 of Appendix C. The
plots show that for the first 20-25 min, all the TC’s measured very little increase in temperature. After

25-30 min, the temperatures generally increase linearly until the test was terminated at 60 min.

Due to the violent nature of the jet fire, only limited, visual observations can be made.
Observations taken during the jet fire test can be found in Table 1. Photographic (Appendix B) and video
documentation of the post test inspection are included with this report. Temperature data in both

graphical and tabular form obtained during the test is provided in Appendix C.
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Table 1. Test Observations.

Time
(min:sec) Observations

00:00 Jet Fire ignited, flow rate brought up to 0.3 kg/s to begin exposure.

00:05 Surface layer of PFP system burning and charring.

15:00 PFP system intact. Average surface temperature is 30°C (86°F). Maximum
surface temperature is 36°C (97°F).

30:00 PFP system intact. Average surface temperature is 51°C (124°F). Maximum
surface temperature is 70°C (158 °F).

45:00 PFP System intact. Average surface temperature is 88°C (190°F). Maximum
surface temperature is 119°C (246°F).

60:00 PFP System intact. Average surface temperature is 136°C (277°F). Maximum

surface temperature is 170°C (338°F). Test terminated. PFP system intact.




APPENDIX A
CONSTRUCTION DRAWINGS
(Consisting of 5 Pages)
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