





® Determine feasib egenerative catalysts

®* Need to mitigate carbon “coking” on catalyst surface
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Reverse Water Gas Shift CO, + H, - CO + H,0O 41 kJ/mol
Hydrogenation CO + H, — C(s) + H,O -131 kJ/mol
Boudouard 2CO — C(s) + CO, -172 kJ/mol
Sabatier CO, + 4H, — CH, + 2H,O -165.4 kJ /mol




1\\(5 REACTION RATES (EQUILIBRIUM CONSTANTS) I

O
®* Developed by solving each species’ transport equation simultaneously with its

energy balance

® Temperature dependent equilibrium constants developed by comparing
fugacity ratios to differences in Gibb’s free energies at actual and reference

conditions (chemical activity)

Description Reaction Equation Al A2 A3
. COg Methanation CO2 + 4H; = CHy4 + 2H50 Eq. 1 -730,726.0 24.125.3 -26.9616
. CO Methanation  CO + 3Hy = CHy + H20 Eq. 2 -538,798.1  28,062.7 -30.7759

. Reverse WGS CO2 + Ha = CO + H20 Eq. 4 -191,928.1 -3.,937.4 3.8143
4. Hydrogenation CO + Hy = C(s) + H,O Eq. 5 -121,003.4 16,573.0 -17.3838
. Boudouard 200 = C(s) + CO, Eq. 6 70,9247 20,5104 -21.2000
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1\\5 PROPOSED REACTOR DESIGN
O

Single Stage Bosch
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1\\; ENGINE EXHAUST STREAM 4

L0 Exhaust Composition vs Fuel/Air Ratio

O
* Higher Fuel /Air Equivalence Ratio = More H,

produced in combustion

® Less H, required in onboard tanks

o
o

® Higher concentration of CO Fuel/Air Ratio vs. Total Required 2 [kg]
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® Decreases fuel economy
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1\\; EFFECT OF REACTOR VOLUME
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Temperature [K] vs Volume [m3] vs Exit Pressure [bar]

O
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* Higher Volume = Lower Conversion

10

® Lower pressure (diffuse)

® |ower reaction rate

* Lower Volume = Higher Conversion

Pressure [bar]

® Higher pressure
® Higher activity
® Higher reaction rate

®* Need to minimize exit pressure
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EFFECT OF TEMPERATURE (RATES)

Fuel Air Ratio= 1.2
® Directly affects reaction rate constant

Tempeﬁtlakrﬂ)[K] vs Reaction Rates [kmol/s] (Combined Bosch Reactor 0.081 m®, 0% Recycle

® Higher T 2> RWGS

— RWGS
Boudouard
Methanation

®* Lower T = Methanation Fuel Air Ratio= 2.3 T rogenaton

Teﬂmtmﬂre [K] vs Reaction Rates [kmol/s] (Combined Bosch Reactor 0.081 m3, 0% Recycle)
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— Hydrogenation
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1\\; EFFECT OF TEMPERATURE (CONVERSION)

O

i 0, i 3 o
4 Temperature [K] vs Bosch Carbon Conversion [%] (Combined Bosch Reactor .081m°, 50% Recycle) 1'5%'1!99'3“"9 [K] vs Methane Carbon Conversion [%] (Combined Bosch Reactor .081m*, 50% Recycle) Eo‘l'omparnlura [K] vs Overall CO, Conversion [%] (Combined Bosch Reactor .081m", 50% Recycle)
. |
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Air inlet
\ Compressor wheel

Air outlet <
(to engine)

. Turbine wheel

®* One less methc

® Can mitigate higher fuel use by decreasing engine Exhaust outlet =

size Exhaust inlet (from engine)

” https:/ /www.dieselnet.com /tech /images/air /turbo /~turbocharger.jpg
® Lower Volumetric Flow Rate



Tempeqaotu.{re [K] vs Fuel Air Ratio vs Enthalpy [kJ] (Combined Bosch Reactor 0.081m3, 50% Recycle)

Fuel Air Ratio=0.8
Fuel Air Ratio=1.1
Fuel Air Ratio=1.4
Fuel Air Ratio=1.7
Fuel Air Ratio=2

Fuel Air Ratio=2.3

'
=y
o

Enthalpy [kJ]
&

750 800
Temperature [K]










7. Web. 4 May 2017.

S Akse,Jq nes techport.nasa.gov/file /13504>

® Ferguson, Colin R., and Allan | pplied Thermosciences. Chichester, West Sussex,
United Kingdom: John Wiley & Sons, 2016. Print.

%




