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Syaiegen Consumption:
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« More hydrogen gas Is consumed than

natural gas by the commercial sector A
rer.



HistorR/ 0n Hydrogen
Applications:



SHISteR/ 00 Hydrogen
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SVERREERIS REIENA a Vacuum Furnace

- Partial Pressure:

SNV ONEENADE=IS Jy“mrl’ off tantalum,
fezirliLing) rlnd PEEUEER

- Dilitant inVacuum : arburzing
Reducing gas for oxide reduction

» Formed! from dissociated ammonia gas in
the gas nitriding process



. ’.@h rEcteristics of Hydrogen

Higher Heating Value

141.90 Mj/kg
11.89 Mj/m?
119.90Mij/kg
10.505 Mj/m?

Lower Heating Value

Stoichiometric Mixture in Air 29.53 (vol.%)
LEL % by Volume 4

UEL % by Volume 74.2

Ft.2 Air Required to Burn 1 Ft.2 of Gas 2.5

Minimum Self-ignition Temperature of Stoichiometric Mixture 1085°F
Adiabatic Flame Temperature in Air 3712.73°F

0.02

Minimum Ignition Energy of Stoichiometric Mixture (m;j)

(ref. 1 & 2)



Flammability Limits
i CH_/AIR
e H,; /AIR——»]

L AS

305 o

Igniton Energy (ml)

J
20 40 60 80 100
FUEL (% VOLUME) (ref. 2)




=110 J C't oals
N UETSIEERIETEXIIC Hature ofi hydrogen gas
ARtiNOSPHERCPIESSUIE and I near vacuum
CONEIBHRS

- DEtENMINE m nynrlJ Jé\ els c?energy to Ignite

dilutant for hydrogen / air reactions

* Develop recommendations for the safe use of
hydrogen In vacuum systems
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NEKJY Sources
AGRGEPHERE ' \acuum
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desired pressure

Ve 'H; to obtain final
I pressure and gas ratio

4. lgnite mixture with either spark or heater element



EXpernmental Results:
Virmtnslgnition Points

5000 Voltage Spark 1/16" Gap
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Uimp@nItion Points
5000 Voltage Spark 1/4" Gap

;, erlmental Results:
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‘5‘ 5" ermmental Results:

Viinimimpenition Points

Heated Element Wire
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:7 pEMPEILtIEVs, H2 Concentration
# |gniien Points
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/ ‘5‘ =Expernmental Results:

Ilgjn) jomtﬁ* Comparing All Three Tests

-

/

Pressure (torr

1/4" High Voltage Spark
Heated Wire
1/16" Gap Spark

60 70 80 90
% Hydrogen in Air
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Minimum Ignition Energy vs. % Hydrogen in Air

LA

Pressure 0.2 atm
—— Pressure 0.33 atm
Pressure 0.5 atm /

— Pressure 1.0 atm / /
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Minimum Ignition energy, mJoules
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Hydrogen in air, percent by volume
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( Quenching Distance vs. % Hydrogen in Air at Various Pressures
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IMEY@&as as a Dilutant for
SVAreoEn /L Alr Burning

»




eI GES m; 2l JJJ'I[slrJF fo)f ydrogen [ Air Burnlng

energy source is taken away

* Argon showed slightly better flammable suppression compared to
nitrogen



gonciusions
002 msNSIElINE ENERGYAEUINED! ta Ignite a stoichiometric

MIXITEXGIRIIOGENIGAIN at atmospheric pressure (. 3

ASHIHENRIESSUIENGItiENIVAregEnI & alrr mixture decreases, the
oLt of gnlgfe)ALEe|tiif
[pfelpl el ofeler g nerelefpliid]

feeliio) ng[a he mixture increases more

%

C
0

0E (
,JI OVWEN priessiires uian 0.2 atm (150'torr) can be ignited with a
Qe drameieifVvesseliand increased energy Source (ref. 3)

-

gaps res It infwider flammability limits

°Largel Spark

*As hydrogen IS Increased In concentration, a higher temperature
IS required to Ignite the mixtures

*The use of inert gas as a dilutant does lower the flammability
limit of hydrogen however only slightly



SAlELy Precautions

Sty BYYMVZneNBEIE Gt ydregen (2% or 15 torr)

-

SRUITRrdeWRNer oM esrtEn hackiill with inert gas to atmospheric
PIESSUIENIIBIFLOIEXPOSUNE ORIl

LESeN| the \Bu m ch&ber and be sure the leak up

SPEHO a leak
2005 tor: Per nour

rate IS less; than

. De gniimtrinsicalll/safe & redundant safety controls when using
hya[roge

» OXygen probe to eted'an air leak in the vacuum system. If oxygen
IS present then perform 5 volume change purge with argon

 Use an inert diluting gas to lower the flammability limit
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'-{Q'f 2~ Berir, Frianes ;;,@'/ ssuies of Hydrogen Vehicles. Energy partners.,
[tp: //Jrlne Org/nyaroger

es Frank: Report 1383 Survey of Hydrogen

Combustion; Properties. L Flight Propulsion Laboratory, National Advisory
Committee for Aeronautics., Cleveland, Ohio: April 1957
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