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TABLE X. — ADVARCED AUTOMOTIVE GAS TURBINE CONCEPTS

Petroit Diesel
Allison - Pontiac

Ford — AiResearch

Chrysler — Williams
Regsearch

Iwe shaft with power
transfer

Centrifugal compressor
with varisble irlet
guide vanes (TIGV)

Premixed-prevaporized,
varible-geometry
cexamic combuator

Ceramic rotaring
regenerator

Ceramic radial turbines

Single shafc

Centrifugal compressor
with VIGV and variable
diffuser

Premixed=prevaporized,

varible-gecmetry
ceramic combustor

Ceramic rotating
Tegenerator

Ceramic radial turbine

Premixed=prevaporized

Single shaft

Centrifugal compressor
with VIGV

or catalytic ceramic
combustar

Dual cerzmic rotating
regenerators

Ceramic radial tuxbine

TABLE II. ~ COMBUSTOR OPERATIRG PARAMETERS

Overall fuel=asir ! Flow parameterT, Pressure drop,
ratio range v /T/pa2

x(ap/p)

Maximum § Hinigum | ¥eximum

Minimm |Maxioum | Miniows

Current turbines

- no variable-geometry combustor

Opgraded engine 0.01 0.003 G.67
CATE (1406 K) 013 003 1.7

Noae 2 Noume
None | — Rone

aAdvanced =urbines ~ variable~geometry combugtor

aiRegearch 0.014 0.003 0.40
Detroic Diesel 014 .003 .38

0,33 3 Kone

.19 2.5 1.7

Stirliog engines

- no variable-geometry combustor

Fozxd (with exhaust 0.55 None 0.82

gas recirculation)

P-40 {with combustor .55 0.04 —

gas recirculation)

0.12 5 0.06

—_— 5 .06

ayhere w is weight flow inm kg/see; T is tempera:i:re, and P is pressurs.

TABLE 1I1I. - REPRESENTATIVE COMBUSTOR OPERATING LIMITS

Flame temperature, K:
Maximum NO, limit .
Minimm CO/HC limic

Primary=~zone, lean-stability= . . . - ¢ « « « » ~0.020
limit fuel-air ratio
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TABLE IV. — ASTM D28B0-78 TRACE-METAL LIMIIS FOR

FUEL ENTERING TURBLNE COMBUSTORS

[From ref. 24.1

ASIM fuel Vapadium { Sodimm plus | Calecium | Lead
desiguation potassium
Trace-mectal limits (maximum), ppm by weight
0-GT 0.5 0.5 0.5 0.5
1=GT
2-GT
3-6T
4~GT (a) {a) (a) {a)

agonsult rurbine manufacturers.

TABLE V. - TEXACO REFINERY STUDY

[From ref. 34.

maxigms transportation fuel production.]

Refinery chargiog 100 000 barrels per calendar day of crude oil,

Case
A (base | B (Research octznoe | C (maxioum | D (maxcizum,
cage) | number, 91; motor diegel) 100%=650° F)
octane number; 83)
Yield, barrels per calendar day
Refinery fuel:
Fuel gas 1 461 1 649 1172 975
Propane and propylene 191 2 420 88
Ro. 6 fuel oil & 526 3 568 4 150 4 005
Fluid-coking coke 1 575 1 652 1 094 1 g6l
(400 lb/barrel)
Subtotal 7 753 9 289 & 504 & 021
Transport fuels:
Premiun gasoline 20 910 18 389
Regular gasclioe 33 9%4 —_— 29 853
Lead~free gasoline 52 759
Diesel fuel 10 131 10 13t 17 349 10 131
100°=-650° F end-point fuel | ~—uwe==—= 56 609
Subrotal 64 985 62 890 &5 591 66 740
Protected products:
Aviation jer fuel 9 100 g 100 9 100 9 100
Beme heating oil 13 651 13 651 _ 13 651 13 651
Perrochemicals and special 3 400 3 400 3 400 3 400
naphthas
Lubrication oils and wax 1 800 1 800 1 800 1 800
Agphalt aud road oils 3 300 3 300 3 300 3 300
Sybtocal 31 251 31 251 31 251 31 251
Other fuels (coke, ligque~ 8 392 B 561 8 378 8 388
fied petroleum gas, &nd
&6, #5, #6 fuel oils)
Tocal 112 381 111 991 111 724 112 400
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TABLE VILI. — ELEMENTAL ANALYSIS OF DRY SHALE OILS

[Frem ref. 41.]

Shale Carhon | Bydrogen | Nitrogen | Sulfur | Oxygen® | Carbon~hydrogen
ratio
Elemeptal zoalysis, wt %
Lean Colorsde 851 12.1 1.56 0.37 1.67 6.95
Average Colorado 8.3 11.8 2.00 .66 1.24 7.14
Rich Colorado 8.2 | 12.0 1.76 .83 | 21 7.02
Utah 86.7 12.0 2.09 .62 .59 7.06
Aptrim (Michigan)| 83.8 10.6 74 1.83 3.03 7.91
Moroccan 80.7 10.8 1.45 7.11 | b-o0.08 7.32

2perermined by difference.

buigh values for eme or more of the other determinstions.
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TABLE XI. - STASILIZERS FOR METEANOL-GASOLINE BLZHDS AT 70° F

[From ref. 37.)

Blend composition Scabilizer Amount of |Water added
srabilizer to haze
in blend, poiat,

percent percent

10 Percent meth— None — 0.17

anol in 37 percent| sec-Butanol 1 22

arometic gasoline | sec~Butanol 3 «35

Ethancl 10 -80
Methyl benzoate 10 «29
Dimechylphthalarte 10 .35

20 Percent meth— None - 0.24

anol in 28 percent| lsopropancl > .62

aromatic pasoline | n~Butamol 5 - 79

1sobutancl 5 S - 3

17 Percent meth- None —_— 0.3

auol in 37 percent} tert—~Butancl 3 -5

arcuaric gasoline | Methyl acecate 3 5

Dimethoxyethgne 3 -6
Tetramethyiurea 3 .6




TABLE XIl. — WATER SENSITIVITY OF

METBANOL-GASOLIRE BLENDS

[From ref. 37.]

Blend in | Aromatics { Water added | Temperaturze,
gasalice content, to haze °F
perIcent poirt,
vol 2
10 Percent methanol
Chevron U 19 0.025 37
=10 70
Chevron $ 37 .08 37
-15 70
Texace G 26 »13 Roon
Texaco M o .16 Room
20 Percent methanol
Chevron S 37 0.1 37
.3 70
Texaco G 26 «23 Room
Texaco M 32 .26 Room
30 Percent methanol
Chevron S 37 0.23 37
.50 70
Texace G 26 «35 Room
Texaco M 32 .38 Room J

TAELE XIII. - POTENTIAL ELECTRIC AND HYDROGEN-FUELED

VEHICLES BASED ON EXISTING TECHROLOGY

Fuel scorage Storage | Equipment | Vebicle | Range,
fuel weight, test wiles
weight, ib weight,
ib 1b
Advenced lexd-acid battery | 1500 e 3975 52.9
Fe-Ti hydride 435 110 3010 a50
669 167 3330 .| bsz.e
1736 436 4800 €200
Methanol reforming 69 282 2805 dsg
275 312 3055 €200
MCH-toluene az1 230 - 3125 dsp
965 400 3910 €200
Bydrogen liquid a3 220 2710 <200

ayeminal; equivalent to 5 gallons of geasoline plus &
one=-third increase in thermal efficiency.
bpased on same run time over drivimg cycle plux 2.65 kg H2/hr.
CEquivalent to 20 gallons of zasoline plus oae~thixd
increase in thermal efficiency.
dfquivalent gasoline pot stated.
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TASLE X1V. - m‘t FUEL REQUIREMENIS FOR AUTOMOTIVE

GAS TURBINE AND STIRLING ENGINES

Property Allowable range
Viscosity at smbieut Cemperature, cS <10
Boiling ramge, "C . _'2400
Allowable hydrogen—carbom content (o)
Aromatic ¢omtent {a)
Nitrogen content,® wr 2 <0.08
Ash content, wt 2 <0. 01
Gum content, mg/milliliter <7
Sulfur content,t wr % Q.5
Mercaptan content,© wt 2 0.003
Vanadium content,® ppm by we 0.5
Sodium and potassium content,t ppm by wr 0.5
Lead content,® ppm by wt 0.5

8To be determined.

epends on combustor type, vehicle fuel economy, and

emissions regulationms.

SFor all-metal engineg; content for ceramic components
to be determined, but will be greatly incressed.

Turbine

{a) Single-shatt confiquration,

b} Two-shatt configuration,
Figure 1. - Engine configurations for automotive gas turdines,

Output
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Figure 2. - Cutaway drawing of Chrysler upgraded engine.

figure 3 - Ceramic components used in Defroit Diesei Alllson GATE program engine tests.
{GT ADUS05-4 engine: fromref, 3}
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Frgure 4. - Cutaway drawing of Ford-AtResearch autsiotive Fromrel 4 |
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transaxle

Figure 6. - Cutaway drawirg of Chrysler automotive gas turbine.

) r Regmerarur‘
Expansion space  ;  Compression space

= [N\ min 11 =
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{3) Pistoa arrangement and terminat
points of cycle.

_ - Piston displacerent

= w
Tme
@

G
)

)

(b} Time-displacement
dlagram.

L R A

Process
1-2

3 4
P 4 7
Z
2 1
v s
{c} Pressure—volume and temper-
ature-entropy diagrams.

Description
Isothermal compression; heat fransfer fromwarking
flyid ot Tz, to external dump
Constznt volume: heat transfer to working fiuid
from regenerative matrix
Isothermat expansion; heat transfer to working fluid
at Ty from an external source

Constant volume; heat transfer fromworking fluid
fo regenerative matrix

Figure 7. - The Stirling cycle. {From ref, 7.}
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) V-drive, 16) U-grive.

Figure 9. ~ S:irlihg engine mechanial arrangements,

Alr =

Burner
airilow
control;
[
¥
. Preheater Combus:
Alrffuel A AAARAA tor
corttrol i
| ' - Heater
i tubes

Blower

EGR valve

Exhaust

Figure 10. - Schematic of exhaust gas recirculation system.
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Figure 11. - Schematic vf combustion gas recirculation system.
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tiydrogen content, wi

LRI

n S }
0 il 40 60 . &
Aromatics content, vol.%

Figure 13. - Variation of hydrogen content with
aromatics contenl. (From ref. 19.)

] n 12 B 14 B

Figure 14, - Varition in maximum combustor
finer temperatures with Tiycrogen content of
fuel, wheve T, is maximum combastor lier
temperature, Ty is maximum Sombustor
finer temperature for 2 fuel with reference
hydrogen content 04,5 percent!, and Tjis
combustor inlet temperature. (From reJ. 1.4
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Nitrogen ¢ontent.
100 percent of fuel
- a al
g .3
E P jm] Lo
- 2 e
/ =
g W
i . -
. é 0l ~
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g 2
g
2 i | I D | L]

400 S0 600 TOD BNO 200
Combustor et temperature, K

Figure 15. - Fuel-bound nitrogen conversion fo N
in 2n aircraft gas turbine combustor. From ref 18,)

~ Liffusion flame

10 IrZSg NO,Jkg fuel
Vehitle emissions standard

'
v — (I -—--*(ap-mpgvehicle_ u,4g|\|02)
1 Ceramic . mile
Lean element
blowaut /"
HMits = me

| B B

-4 .6 Lo
Primary-zone equivdlence ratio

Figure 16, - Variation of N0, amissions index with combustor fype. Com~-
bostor iniet temperature, 978 K [1300° £ petroleum distiltate fuel.
{From ref, 23.)
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Fuel-bound NO, emlssions lndex, g NOuikq fuel

-3

-

2.8 g NGokg fuel=

)

NO, emlsslons Index, g NOafkg fuel

-/

[ | il |
0 20 49 60 8
Amount of exhaust gas recirculation, percent

Figure 17. - Variation of N0, emissions index
with amount of exhaust gas recirculation,
P-40 no, 1 acceptance test: equivalence ratio,
~0.8; fuel flow, 0.7 to 2. B gfsec,

Amount of
nitrogen
converted,
percent
— 100 5 ‘ Vehicle emissions

standard, @ 4g NOp/mile
)

- ~ S0 mpgs 4 2g NOyig fuet

| I !

1 .2 .3 4 5 .6
fuel-bound nitrogen: (FBN), wt %

Figure 18, - Influence of fuel-bound nitrogen canversion rates on NOy emissions {no ther-

mal NO,). Emissions index, 32 & x FBN x conversian.
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Cost of hydrogen gas per barre! of

syncrude, dallars

30.00

50

B0
.50 14— (o} H-coal
- O Synthoil
2000 1tbi = 82 gal A SRC >
.50 O Other ©c o
- 2| 0
Lo = o AD
x
1250 — - o o &c&o O
10,00~ § v 8, 24
2 2
T'Sg.o 1.%5 LIS L|1sio g 8§é£
8_.._
HIC of Syncrute. o a0 & o
HIC ratio o ™
Figure 2, - Estinate o cot o Lo | | L1 L |
b e aies G0 ko m % @
Starting from coal HIC o 3.5, APl gravity. degrees API
Hydrogen ges cost (1980, Figure 24, - Variation: of hydrogen content of coal-derived fuels with AP gravily.
SZIGH0 1% cual cost (1982, TFrom ref. 3.1
$200ton,
¢ H-tnal
0 Synthoil
20— N A& SRC
on < Other
16— -
=]
- ?
¥ 8c
= L2l =]
2 2
T o2
S py
e
B -] 0@
= - © A0
o
A= %% g
Ao I -7 -
. 1 | %% e °)
8 6 ) 10 2 14

Figure 25. - Relation of Ruei~bounid nitrogen and hydrogen:
contents for coal-derived fuels, (From ref, 3.}
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Water tolerance, percent of mixture
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Figure 2. - Variation of heat of combustion of
coa]-derived fuels for varying hydrogen content.
Framrel. Z7.) :

. Alcohol
content,
percent

2
/15_

10
/’{____s

] i j 1 |

2 aq 50 ] 100
Temperature, %
Figure Z7. = Water Wolesance of ethanol-gasoline blends. (From
ref, 3.) -





