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1. GAS TURBINES FOR VEHICLES

Gas turbine engineS H&EHHE 2] FiHFo = fiff
AAx s BrEe 19507 ma-s Ak =9
o o] Srifell 4 GMEL ZEalgt BEE A
3 glel. 19534 Firebird 1 %% (370HP, non -
regenerative gas turbine engine5r#))-& RS
Lisis 288, 3835 AA 1964%F <] GT309 engine
(2" 1 #x)-T st turbo titanll truck
3} turbo cruiser I busell & #Khel i e 4
PEHE(f S ol gk o) 1972%F el w24 RA
WFE RS AIEZRIT fafel= GMitel RTX
bus 2} Astro 95 highway tractorel| §F=|s}or gl
o, K# truck % buqc’ﬂ f#H=2 ¢l turbine
engine®] FIEL-S- ¥,

OBEDE B shych

GT3099) 7% [E# diesel engineilfite] 1/2

OTorgue 5t BiF

{44 el 4] Toquert =},

OMulti-fucl 2] {# 7]

Crude oil & jet engine fuel?] {ITfH AT,

O Exhaust emissione]| =},
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280 HP TURBINE SPECIFICATIONS

Ratad Power 280 hp

Ratod Tarque 575 Ib.ft ot 2360 rpm

Max., Torque 1150 Ib.ft ot O rpm
(stailed output)

Max. Speed 2850 rpm

Rated Turbine Inlat Temp. 1700°F

Rated Gasifler Speed 36,000 rpm
Rated Airflow 2.9 Ib/wmc
Rated Compresser
Prassure Ratio 3.8:1
Engine Weight 1425 |b. {approx.)

Engine Dimensions (LxWxH) 45 x 26 x 40"

Schematic diagram shews major componants of Datroit

Diesel prototype engine.

GT 30P

(& 1) 280 Hp turbine Specifications,
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2. STIRLING % VAPOR CYCLE ENGINE

Stirling engine-2 1816%F o] % &F2] steam en-
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ffis] stirling engine¥ organic vapor cycle en-
gineoll =& E2|A = ole= wbwbsl HHEFS A
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3. ENERGY STORAGE SYSTEMZ}
STIRLING ENGINE

Gasoline®) 4244 = 22459 energy % zt1 9)

= e8] chemical energy storage systemsl 7
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ENERGY STORAGE SYSTEMS
Watt=-Hours per Pound Watt-Hours per Cubic Inch
Stored Energy  Energy Output Stored Energy  Energy Output
-= Conversion Efficiency 40% (using Stirling engine) --
Lithium.+ Freon 1.14 1345 540 4.5 18.6
chemical reaction
Lithium Fluoride
“with phasa change
800°F - 1700°F 240 96 15.2 é.1
Aluminum Oxide
sensible heat
800°F - 2100°F 17 47 16.7 6.7
-- Conversion Efficiency 90% --
Silver Zinc Battery 45 40.5 2.6 2.4
Lead Acid Battery 10 9 0.75 0.68
Flywheel 8.3 7.5 1.66 1.5
Compressed Gas 7.8 7.0 0.335 0.30
(O 23
& L gas-E MG o] InERE]l gasE stirlingoll & Hfeql e},

F A1 A engine2 $1,2000F% 714 @S %=
A A7l T tanks H#A
gasE WA alumina g FNAAEHAl et

o] RERFEHE (CALVAIR-experimental car) en-
gine SpRMW ol A= BTHHYl BB E AF2 e
J —gxEEEAl FRSHA e o] A9 EHE
o] FRZ AZalF} w7 o Foll ol E EHH
(LB = el=2A) Ealar glch.

‘O] LAftoll & energy=) AR B4 BFFEE L o)

metal

rechargesl=6]+=

= Z-2 lithium-floride system, 3} alkali
7} halogen gasele] SEEo A4 k=& heat
systemol| B0 A5 w52 Bf7E7 A= gl

4. ELECTRIC VEHICLE POWERPLANT
TECHNOLOGY

Batteryi}t fuel-cello] —#EEEIFE S BHiE=S
2 A= e chge] FohA o] =
Exich

OHigh power density, or power-to-weight
ratio °l& o] —REhE PEREE ME
Ml FEfTHERE-E FRRAIA S U Bffel

QO High energy density, or energy-to-weight
B

ratio = FEEE traveling range & 7]

ol el{t LEMEH-T FRELT i single bat-
teryt}t fuel-cell powerplant24] H#A TWER =

2 gl =A-2 silver-zincl & alkali-metal ba-

tteryel® B = vk (g 3 A=x).
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(212! 3] Projected Capabilities
EEH AAG
3 753 alkali-metal battery= o}Z = N =k
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Ao m FrERc)
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I e} silver-zinc battery+=
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ool HBitEe 22 BHEe A Aoz ¥
oy Zeh Bl power density7t %&£ shube] @
72} energy densityz} & Eshe] BhOHZ
] {HAsE Aelok. o=zt MAS FHEN
ool = ol =gt Aol Eak o7 RFES
W AL HEe AT So = N A
o] BB —ARdidfol] gt  electrical power-
plant7} BA%EA A= =)

® Electric vehicle system

HEADHESL] system il B {rebw o3
A 7FAE T 5 el (¥ 4 Z3).

Single battery all-electric system

Elcctrically coupled hybrid system

Mechanically coupled hybrid system

1) Single battery all-electric system

o] systemPH¥E-S B3 experimentalsiia bat-

tery-2 E)FJ2 =2 ¥+ electrovair (2% 5 #Z]a}

_Weight 3,400 lbs
.Performance 0—60mph 16 sec
Top speed 80 mph
Range 80 miles
Battery silver-zinc 286Ea
fuel-cellS- FF1 2.2 3F electrovan[1 & 6 =
ZJo| dlek.
Weight 7,100 lbs
Perfofmance 0—60mph 30 sec.
Top speed 70 mph

BATTERIES

AC INDUCTION MOTOR

Electrle Pawar

Battery |l T“’“""r:"“" e Motr [ — Ruf\::;m
a
Contral

SINGLE BATTERY = ELECTRIC

Energy Charging
Battary Clreultry
or Electric Fower
Fusl Call Trammission
or and
Haar Englna Power Charge Contel
ond Baker
o4
Garwrator
| - I

PARALLEL HYBRID - ELECTRICALLY COUPLED

Gear
Reduction

| : Elochric Fawer
H{  Motor
Battery Tranmimion aved Gear
nd M- Ganarater Ruduction

o
Charge Contral

Planatary -

Diffarential

PARALLEL HYBRID = MECHANICALLY COUPLED

(22! 4] Electric vehicle system under study

Range 150 miles
Fuel-cell electrode 32, 160kw/peak
ek ofell A FMAgrekel Ze] olzA® HEH
ig] FhPRe 24 <55k single batteryzb 8
7| w el INERELe) A= 25w ofFell LA E)
= hybrid systeme] [EfF BERE REER T
e e A4 Aolebt FEL w3 vk
2) Electric coupling
ERMLZ odF
o WAHEE HdR {HHSE s s

%l o] hybrid system -2 S

COOLING 1l AESERVOIR

BATTERIES

LOGIC CONTROLS

OIL RADIATOR & FAN

OIL PUMF & MOTOR

INVERTER CONTROLS

(2] 5] Cutaway view of general motors electrovair 2
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ELECTROLYTE
RADJAYOR

ELICTROLTTE  ResERvom

32 FUEL CHLL MODULES

LIGUID HYDROGEIN TANK

(32 6 ] Cutaway view of electro van

power battery = 4] 104 S cl<4 o 2 peak
powerE Fdshe Aol = ok E s @
% (battey, fuel-cell == heat engine®|v} gene-
rator setd45 ¢lt})2 power batteryS &
%} road-load operation% F53) energy s &
st ol az9lrh

ololzbo. M-S A A §-5wl lead-acidvt nic-
kel-zinc battery (power density = F3. encrgy
density & RES®] §1-L)= power battery 24
2§13k fuel-cell, zinc-air & organic elec-
trolyte battery+— energy reservoir® = #slv}

3 ¥ o gle}l =Tt nickel-cadmium batteryx B

BATTERY CHARGING CONTROL
HYDROGEN RESERVOIR:
STIRLING ENGINE

EADIATOR
AND FAN

STARTER MOTOR:

T T IEAD ACID BATIERIES

%_tﬂ% power source=4 %5}l silver—
zincel o] FHA4de] FAlql Zelch
Experimental model® 44 stir-Lec I (stirl-
ing-engine battery powered) 244 stirling-elect-
ric hybrid car z+31% E-z2]$c} power battery
ol] f£3l] motor7t 5 =i stirling engine-% po-
wer batteryE FEL3)Al S folel (TH 7 8 3
z)
Weight (2 A%aHA])

Acceleration 030 mph 8.5 sec.

3,250 Ibs

Top speed 60 mph

Range (5 gal tank) 150 miles

O0C MODULATOR

R
"E_\_\ p D

BATTERY FILTER:
CAPACITORS

ROLLER FRICTION
SPERD REDUCER

ALTERNATOR COMBUSTION AIR BLOWER

(32 7] Stir-Lec II
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STIR-LEC N SYSTEM

BATTERY CHARGING SYSTEM

ELECTRIC DRIVE SYSTEM

Driver's Command

Salid State T ﬂ')
Logic Control) k. P—

Shrling
Engine
{Bhp}

J Charger

Contrel l

Allarnatar Laad Acid Battery '/Solid Stare
and Baetifier 14 Baneries Choppec
L in Saries} (Air Cooled)

DC Mator
120 hp Available
from 1560 mph)

Raller Friction
Spaed Reducer

3) Mechanical coupling
Kbk e & JE)El o] hybrid system-Z power
Fatel

o] motor?| output unitt PIREERE T exter-

battery+=- electric motorel] power-3

nal combustion heat engiﬁem} differential 24
By=lo] oleh

o 7] 4 £ power batteryt= (lead-acid, or
nickel-zinc) IRTE Xl o 2 aloll 4= (limitted per-
formance and traveling range) <=1l 7.2 iz power

=

2} energyS FH5F2 heat engine- Aol of

2} performance & X 91313 #{T ranged <3

GASOLINE

GEAR REDUCTION
& DIFFERENTIAL

ELECTRIC MOTOR

Slisd] FF Slch o)) heat engineo] {yi] powser
LAFell 4 fEdh= o= EHhYC 2 generators 7]
EA1# power battery® AL &
o] vl

Experimental model & 4= XP-883, gasoline-

=

O Y-

=

electric hybrid carz} @lelb(1y 9 3H=].

Weight 2,100 Ibs

Top speed 60 mph
Acceleration 0—40 mph 12 sec.

Battery 72 volt system
Engine 2 cyl. opposed, water cooled 35cu. in.

BATTERIES

(& 9] XP-883 Hybrid
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A 5']'9i-‘l":] chgoll Hél classy 2 Hik=l BY
G Seks] ng

OHigh performance vehicle

General purpose vehicle =+ family car 24
RBRIEMS LR 5 =
Ml £ ol4E vkd Fxfie] ol vl ni-
ckel-zinc battery$t MMM S = HEIR hybrid
7b HRETT o) vtale] LEEMA-ST FAA
7l #&fESt 2les @& alkali-metal battery
+ Hfel v 719 AHdkwbA o] wh

O¥F H (Y IEH

Commutor car, bus % delivery van-&
battery7t HHERET A7 B B
2= B JREHL A3 s

Ak AHE Rolvh,

electric powerplant

zinc-alr

O Low performance vehicle
AU g

shoppertt utility carel] 2@+eti= powerplant £ 4

ke = 3=+ urban
= lead-acidE power battery®@ &} hybride}
nickel-zine or air battery ¢l {K3} single elec-
tric powerplantz} -4 =3 glc)

® Electrochemical energy converter

Powery energy density, {EThEHE,

filifls, %

Ty Ty

R &4, AME % OB EH
RO Bl o] VBIENE FTRY 5 9 energy
T HAel "N
T BHEE L] keyrlm 2 o olv}

B mFETel EHEENY KR

A= 2 i

converterS fH¥Esl= 7]

L2 EHhHE

WAL g gl ot ol AR gelThe fEHES A
RBAz 5 gz o THFHE2 combinationT. %
A A gl Aol fIfelw)l. obel# [1y9)
= 17 AAE BFesl @71 energy comverter

2] Hrik R M 2d Ayl Eoibse Ao
=24
OZinc~ air battery®}
Zn°+ 2 (OH) —Zn(OH),+ 2~

ZnO+H, 0
(Electrolyte — 7k KOH i)
O Lithium-chlorine cell &) g}

Li—=Li" e

Cl+2e—2CI°

2Li+2CL—+2LiCl

(moltem salt battery®] —fli2 % Fused Li—

{ER)

Cl, & electrolyte &

_mm_

#%-T3 1 GM Research Lah. Report

Mickel=Cadmium

Good energy density
Promises yood rachargeability

Excellant power density
Fair energy density
Good cycle life

Good rechargeability

Convertar Majar Interest Artractive Features Prabilem Araas
Lead~Acid Powar Excellant powar density Facr energy density
aharacteristics |  Compagtnass Recharge time i
Economics and durability Poor power ot part charge
Nickal-Zinc Excallent power density Limited eyele life

Rachargeable zinc elecirods

Migh east moterialy

Zinc-Alr Ernargy
gharacteristics

Organic
Eleckolyls

Fual Call

Govd power dansity
Good energy density
Low cost materials

Excellant energy density
Fromising ecenomics

Excellent enavgy density
Rpid rafueling
Use of current Fugls

Very limited aycle life
Rechergesble zinc electreds

Poor power dunsity
Durability unknown
flacharganbility

Poor power density
High cost matorials
Size and complexily

Sodivm-Sulfur Power and
energy shar-

acteristice

Lithium-Chlorina

Excellent power dansity
Good energy donsity
Promlsas good rechargeability

Excellont power density

Excallant energy density

Promises excellant
rechargeability

High-tempesature operation
Materials compatibility
Durability usknown

High-temperature operatian
Materials compatibility
Durebility unknawn

(ag0.]

SEVERAL ELECTROCHEMICAL ENERGY CONVERTERS UNDER [NVESTIGATION




