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EFFECTS OF BOUNDARY
CONDITIONS ON MPS

Motivation

 For development and certification of a halon
replacement fire suppression system extensive
testing in alignment with the MPS is necessary.

» Reference for testing and test results is the MPS
Test Article at the FAA Technical Center.

 To achieve a high comparability a replica test
article needs to be as similar as possible to the
FAA MPS Test Article.

e The Minimum Performance Standard for Aircraft
Cargo Compartment Halon Replacement Fire
Suppression Systems is giving guidelines to
build a replica test article, however some
boundary conditions may not be defined in
sufficient detail to achieve comparability.
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GUIDELINES GIVEN BY THE MPS

Minimum Performance Standard for
Aircraft Cargo Compartment Halon
Replacement Fire Suppression
Systems (2012 Update . -
ystems (2012 Update) "The leakage rate from the compartment is 50 +5 cubic

feet per minute (1.4 £0.14 cubic meter per minute).

John W. Reinhardt

Forward L]
Section

May 2012
Alternale Forced Ventilation
DOT/FAA/TC-TN12/11 System. Perforated 4" diameter
duct. Duct opens to outside of \ @Ce«lmg
compartment Thermocouple
This document is available to the U.S. public through the National Technical °Sadewall

Information Services (NTIS), Springfield, Virginia 22161. Thermocouple
This document i1s also available from the Federal Awiation Administration

1S : ! ' Pressure
William J. Hughes Technical Center at actlibrary tc faa_gov

Transducer

4 Gas Probes
e (B L. Bulk-Load Test)
& (C Conlainarized Tos

}67164" (4.16 m)—ul

e AFT SECTION

U.S. Department of Transportation =
Federal Aviation Administration 66" (1.67 m)

Compartment Volume:
2000 cubic feet (56.64 cubic meters) Eront View
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METHODS OF LEAKAGE RATE
MEASUREMENT

CO:-decay Test __ Natural leakage rate CO2-decay

e Based on DOT/FAA/CT-83/1
,Analysis of Dissipation of Gaseous
Extinguisher Agents in Ventilated
Compartments

e CO2 dumped into MPS Test cell
e Mixing fans used to prevent stratification
» Measured leakage rate 46.9 ft3/min

CO2 concentration

y = 0,0325¢ 0028
R?=0,9979

Possible effects: rp——
= Thermodynamics leading to increased test = D |
cell pressure 0 0 120 180 210

= Changing (increased) leakage rate during Time
real flre testlng —— Leakage Calculation —— Leakage Measurement Expon. (Leakage Calculation) -« Expon. (Leakage Measurement)

= “"Chimney” effect
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METHODS OF LEAKAGE RATE
MEASUREMENT

Blower Door Test Pressurized leakage rate - Blower Door test
600

e Based on DIN EN 13829 / DIN EN ISO 9972

L,Determination of air permeability of 500

£
buildings % .
 Fan attached to door of MPS Test cell %
P 300
e Fan used to force air in/out at certain over-/ €
underpressure & 200
» Leakage rate depending on magnitude of E
over-/ underpressure 100
* Measured leakage rate at 0.0145 psi (100 Pa) 0
overpressure 465.6 ft3/min 100 -80 60 -40  -20 0 20 40 60 80 100

differential pressure [Pa]

——over pressure —under pressure
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Minimum Performance Standard for
Aircraft Cargo Compartment Halon
Replacement Fire Suppression
Systems (2012 Update)

John W. Reinhardt

May 2012

DOT/FAA/TC-TN12/11

This document is available to the U.S. public through the National Technical
Information Services (NTIS), Springfield, Virginia 22161.

This document i1s also available from the Federal Awiation Administration
William J. Hughes Technical Center at actlibrary tc faa_gov

U.S. Department of Transportation
Federal Aviation Administration

GUIDELINES GIVEN BY THE MPS

"The fire load [...] consists of single-wall corrugated
cardboard boxes, [...] of 18 by 18 by 18 inches (45.7
by 45.7 by 45.7 cm). The weight per unit area of the
cardboard is 0.11 Ib/ft2 (0.5417 kg/mZ2).”

"The boxes are filled with 2.5 pounds (1.1 kg) of
loosely packed standard wel/'ggt_} office paper
ettr).”

shredded into strips (not con

18" x 18" x 18"
Cardboard Box

6 inch (15.2 ecm)

3 inch (7.6 cm) - 1.0-inch (2.54-cm) diameter holes
2 inch (5.0 cm)

Section A-A
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CALORIFIC VALUE OF
COMMON MPS FIRE LOADS 1159%

Shredded Paper

Shredded Paper used for MPS testing

110%

« Gross Calorific Value acc. DIN EN ISO o
18125: 2017-08 ,Solid biofuels - 100%
Determination of calorific value” :
 Samples are grinded down and burned § os% “ water free
within @ bomb calorimeter o u conditioned
e Samples FAA 1 and FAA 2 provided by
Dhaval Dadia 85%
* Up to 20%o difference in Gross Calorific s050
Value ’
75%

FAA1 FAA 2

Gross Calorific Value

sample No.1 sample No.2 sample No. 3

B ‘ ‘ . | { =L 3 . e
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CALORIFIC VALUE OF
COMMON MPS FIRE LOADS

Cardboard Boxes Cardboard Boxes used for MPS testing

100%

e Gross Calorific Value acc. DIN EN ISO
18125: 2017-08 ,,Solid biofuels - 95%

Determination of calorific value”
90%
B water free
oo M conditioned
80% I
75%

FAA1 sample No. 1 sample No. 2

e Samples are grinded down and burned
within a bomb calorimeter

e Samples FAA 1 provided by Dhaval Dadia

* Up to 16%o difference in Gross Calorific
Value

Gross Calorific Value
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CALORIFIC VALUE OF
COMMON MPS FIRE LOADS

Packed MPS Boxes packed Boxes used for MPS testing
105%

e Theoretical Gross calorific Value
per packed MPS Box 100%

o Up to 13% difference in Gross
Calorific Value

o Samples FAA MPS Box 1 and FAA
I\D/IPCSI_ Box 2 provided by Dhaval
adia

e Macroscopic combustion behavior
is not considered!

95%

90%

B water free
85%

Gross Calorific Value

M conditioned

80%
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GUIDELINES GIVEN BY THE MPS

Minimum Performance Standard for
Aircraft Cargo Compartment Halon
Replacement Fire Suppression
Systems (2012 Update . ..
ystems (2012 Update) "The fire tests are conducted inside a. The volume of the

compartment is 2000 £100 cubic feet (56.6 £2.8
m3) (see figure 1).”

John W. Reinhardt

Forward L]
Section

May 2012

Alternale Forced Ventilation
DOT/FAA/TC-TN12/11 System. Perforated 4" diameter

duct. Duct opens to outside of ™S @Ce«lmg

compartment Thermocouple
This document is available to the U.S. public through the National Technical °Sadewall
Information Services (NTIS), Springfield, Virginia 22161 Thermocouple
This document i1s also available from the Federal Awiation Administration ' Pressure
William J. Hughes Technical Center at actlibrary tc faa_gov Transducer

4 Gas Probes
e (B L. Bulk-Load Test)
& (C Conlainarized Tos

}67164" (4.16 m)—ul

e AFT SECTION

U.S. Department of Transportation =
Federal Aviation Administration 66" (1.67 m)

Compartment Volume:
2000 cubic feet (56.64 cubic meters)

ote technical note technic

Front View
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THERMAL PROPERTIES OF MPS
TEST CELL LINING MATERIALS

Mass Properties of Lining Materials

750,0 kJ/K
e Lining Material for MPS Test cell is
not specified
_ _ 600,0 kJ/K
» Up to 56% difference in thermal
mass
o Thermal mass may influence MPS ~ § 450,0 kui/k
results =
. ) £ B Thermal Mass
Possible effects: 200010/ — Lining Net Mass
= Damping of peak temperatures "~
= Increased thermal inertia of the
test setup 150,0 kJ/K

Galvanized Steel Aluminium GA14 glassfiber reinforced / ~ ;

Dhaval Dadia, Oct 31 2018 - GA1l6 plastics
Rebuild of the Cargo MPS Test Article
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Thermal Properties of Lining Materials
200,00 W/m*K

THERMAL PROPERTIES OF MPS
TEST CELL LINING MATERIALS

150,00 W/m*K

100,00 W/m*K

Thermal Conductivity

e Lining Material for MPS Test cell is not specified

. _ _ .
e Several orders of magnitude difference in thermal oo
conductivity and thus thermal resistance

0,34 W/m*K
0,00 W/m*K

o Thermal Cond UCtIVIty a nd reSISta nce may Infl uence M PS Galvanized Steel GA16 Aluminium GA14 glassfiber reinforced plastics
results 8,00E-03 K/W

Possible effects:

6,00E-03 K/W

= Faster/slower heat conduction through lining material

= In-/decreased convective cooling at exterior of test cell
(depending on outside surface- and surrounding environmental
temperatures)

= Increased susceptibillity for surrounding environmental
conditions (e.g. temperature, airflow, ...) if test cell lining is
not enclosed or insulated

4,00E-03 K/W

Thermal Resistance per m?

2,00E-03 K/W

32,20E-06 K/W 9,87E-06 K/W

000,00E+00 K/W
Galvanized Steel GA16 Aluminium GA14 glassfiber reinforced
plastics
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SUMMARY CONTACT

e Further investigation of macroscopic Karsten Kirbach
combustion behavior of common MPS fire loads
is needed to better understand possible impact Research Systems
on MPS test results. Product Innovation

A more detail definition of ,simulated, below- EQPSQS;] tﬁgaﬁl@%?gﬁloﬁ%

floor cargo compartment of a wide-body

aircraft” and ,,Joosely packed standard weight
office paper shredded into strips”is necessary
to achieve comparable boundary conditions for

different test articles.

e Cargo compartment lining material, surrounding
structural buildup, insulation materials and
buildup as well as shredded paper composition
may need to be specified in more detail.

Clean Sk
e Methods of leakage rate measurement need to J
be described in addition to a leakage rate o _ _
value. Possible unwanted and erratic effects This project has received funding from the Clean Sky 2
need to be considered and maybe covered by Joint Undertaking under the European Union’s Horizon

2020 research and innovation programme under grant

the chosen method of measurement. agreement N° 807081
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Weitergabe sowie Vervielfdltigung dieses Dokuments, Verwertung
und Mitteilung seines Inhalts sind verboten, soweit nicht
ausdricklich gestattet. Zuwiderhandlungen verpflichten zu
Schadenersatz. Alle Rechte fiir den Fall der Patent-,
Gebrauchsmuster- oder Designeintragung vorbehalten.

The oduction, distribution and utilization of this docu

well as the communication of its contents to others without expres
authorization is prohibited. Offenders will be held liable for the
payment of damages. All rights reserved in the event of the grant
of a patent, utility model or design.
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