
Air flow chart shows various stoges of 
compression, heating , combustion, for 
a Ford 704 engine using a regenerator. 

Below , Cutaway of Ford 704 engine. 

ENGINE 
ECONOMY THROUGH 

REGENERATION 
Fnel savwgs of from 20 to 50 per cent 

are expected from aircraft powerplants 

nsing this prclwating design principle 

By J . S. BUTZ JR. 
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AN OLD POWERPLANT design technique known 
as regeneration is attracting great interest today 
for use on aircraft gas turbine engines. lVlost air­
craft engin e manufacturers currently are ,vorking 

on regenerative turbine engine designs. The military 
services, especially the Army and the Navy, are study­
ing this type of engine for a number of uses. 

Regenerative engines hold out the possibility of mak­
ing very large reductions in fu el consumption . This is 
the goal of the military and the engine manufacturers. 

The exact performan ce of the new engines is not cer­
tain at present. Their state of development is a closely 
guarded secret. Regenerative engines suitable for air­
craft have been tested. But most manufacturers are in 
the component tes ting phase. Fe\,·, if any, major air­
craft engine companies hm·e tested complete regenera­
tive gas turbine engines. 

However, enough work l1as been done for most en­
gine specialists to predict that the use of regeneration 
will cu t fu el consumption from 20 to 50 per cent com­
pared to the most modern turboprop and turboshaft 
engines now in development. The possibility of such a 
reduction is enough to make both the government and 
industry consider the development of several sizes of 
regeneration engines. 

Basically, in regenera tive design th e hot exhaust 
stream from the gas turbine engine is ducted forward 
,md used to heat the engine air just before it enters the 
combustion chamber. This prehea ting means that less 
fuel needs to be burned in tl1e comh t1 stion chamber to 
bring the engine air stream t1p to the required turbine 
inlet temperature and the required thrust level. 

H.egeneration is an okl idea. T he jet engineer pio­
neers in England and German y in tl1e late 1Y30's and 
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the early 1940's considered the use of regeneration as a 
means of lowering fuel consumption. The inefficiency 
of dumping a high temperature exhaust out of any heat 
engine has been well understood for many years. Re­
generation devices known as super-heaters and econo­
mizers improve the efficiency of most steam power­
plants by using excess heat to raise the temperature of 
the water entering the boiler. Even on a pure jet which 
provides its propulsive power or thrust by a high tem­
perature air stream, the fuel consumption of the engine, 
under some operating conditions, can be improved by 
using some of the hot exhaust to heat the incoming air. 

Naturally, there are disadvantages to go with the 
advantages of regeneration. The main ones are added 
weight and complexity. It takes more parts and more 
weight to duct the exhaust air around into some sort of 
heat exchanger to preheat the combustion chamber air. 

In the earliest days of jet engines it was generally 
agreed that the added weight and complexity of re­
generation were not worth the trouble. Most manufac­
turers concentrated on the simplest types of engines . 
By the end of ·world vVar II, however, regeneration 
was being seriously considered as a possible means to 
bring the fuel consumption of jet engines down to the 
level of reciprocating engines. Allison had a Navy con­
tract to build a T-36, a regenerative turboprop which 
ran in 1946. Eventually, the program was cancelled in 
the economy wave following the war. Even though 

· this engine was promising in several respects , it did not 
have the potential of the regenerative engines which 
are being proposed today. 

Since 1950, however, engine technology has improved 
tremendously. It is possible now to build much bet­
ter turboprops, of both the ( Continued on page 89 ) 
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Regenerative Engines 
(Co 11t in11ed from page '/.5) 

conventional an<l regenerat ive types . T he 
fue l consu mption improvcrrn.: nt which can 
he provided now th rough regeneration has 
grown from the five per cent or so of [!.),50 
to 20 or 30 per cent today, depen ding 
upon who makes the es timate. T he greater 
att ractiveness of regeneration today is due 
largely to improved heat exchanger des ign. 

These percentage fi g ures acid up to one 
big point about r('gencra t ive gas turbines. 
They will use less fuel than any gasoline­
powered reciprocat ing engine ever b uilt , 
including the turbo-compo und engine. Re­
generative engi nes wi ll nsc only slightly 
more fuel than the best diesel engin es. 

Iu terms of absolute num bers, a good 
conven tional turboprop engine of recent 
des ign will consume about .65 pounds of 
fuel every hour for each horsepower it 
produces . In other words an engine of 
this type producing 500 h p wi ll use 325 
pnuncls of fu el every hour. T his is just 
about the same rate of fu el consump tion 
expected from a gasoline-powered , re ­
ciprocating aircraft engine used on li gh t 
aircraft. From the fu el consumption stand­
point, the vVrigh t turbo-compound was 
about the best gasoline b urning, recipro­
cating engine ever built fo r aircraft. It 
has a minim um specific fu el consumption 
( SFC) of .38 pounds of fu el per horse­
power per hour. 

However, the bes t diesel engines used 
in the automoti,·e indus try and elsewhere 
have an SFC of about .4. Therefore a 
diesel producing 500 hp will b urn only 200 
pounds of fuel per hour, compared to 32.S 
pounds per hour fo r the turboprop and 
reciprocating aircraft engines just dis­
cussed. 

W hen engine des igners say that they 
can reduce the fue l consump tion of con­
ventional turboprops 20 to 30 per cent by 
going to regeneration they mean they can 
build 500 hp engines which burn some­
where between 260 and 225 pounds of 
fu el per hou r. 

T he other big consideration about en­
gines used for propulsion is basic engine 
weigh t . The adrnntage of low fuel con­
sumption can be \\' iped out by h igh engine 
weight because of what designers call a 
"weight spiral." T his is caused by the in­
creased aircra ft size and weight required 
to carry the greater engine load. 

The grea t attraction of conventional 
turboprop engines is that they p ut the 
"weight spira l" into reverse. They are 
rn uch smaller and lighter than the turbo­
compound and other reciprocating engines . 
Their frontal area in a nacelle also is m uch 
smaller so they add less drag to the air­
plane. T hese fac tors are very powerful 
elements in •aircraft design and they result 
in smaller lighter airp lanes to carry a given 
payloa~, at a given speed over a given 
ran ge, 1n 111ost instances. 

A crucial_ question :vith regenerative gas 
turbine engmes_ then _ is weight. Two points 
are clear on tlus weight q uestion. 

First, the regenerative turbop rop is ,,0 _ 

ing to be m uch lighter than any pisron 
engine. A large ree1procatmg aircraft en­
gine will weigh about 1.0 pound per 
horsepower or a little less. The best p is ton 
en" ines fo r light aircraft can' t do this well 

" (Cont i11 11 ed on page 90) 
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EXAM BOOKS 
These books contain the latest _question & 
ans w ers aids for pass ing FAA w ri tten 
e xams. Th ey he lp you p ass the FAA exams 
q uic kly & e asily . Charts & revisions 
included. For q u ick effic ient s tudy g uides , 
try these books and mail the coup o n today . 

EXPLANATION BOOKS 
This b ook clearly a nd simply expla ins how 
eac h ans we r in the e xam book was 
obtained. Order the se boo ks with the exam 
boo ks a nd yo u will have a complete 
ground sc hool course. 

CHECK RIDE BOOKS 
These b ooks clea rly e xplain how to p ass 
the new FAA check rides . Th e y ha ve the 
new ma neuvers , req uirements , oral e tc. 
Be sure o f your FAA chec k ride and mai l 
the coupon today. 

HOME STUDY NAVIGATION 
This b ook clear ly expla ins how to w ork 
eve ry type problem fou nd o n the FAA 
written exa ms , the E6- B comp u ter , ADF, 
O MNI, ILS , etc. Thi s b oo k is a mu s t if 
you a re w ea k in navigation o r fly cross 
cou n try. 

A & P PRACTICAL 

:••·····················••: • ( ) PriYate Pilot Exams • 
• ( ) PriYate Answers Explanations • 
e ( ) PriYate Check Flight •• 
• ( ) Commercial Pilot Exams 
• ( ) Commercial Answers Explcmationa : 
• ( ) Commercial Ch eck Flight • 
•• ( ) Home Study Navigation • 

( ) Instrument Pilot Exams 
: ( ) Instrument Answers Explanations : 
• ( ) Instrument Check Flight • 
• ( ) Powerplant Mechanic Exams • 
• ( ) Airframe Mechanic Exams • 
• ( ) A & P Mechanic Practical Tests • 
• ( ) Fliqht Engineer Exams • 
• ( ) Instrument Instructor Exams • 
• ( ) Flight Instructor Exams • 
• ( ) Flight Instructor Check Flight • 
• ( ) Helicopter Instructor Exams e 
• ( ) A.T.R. Pilot Exams • 
• ( ) Tower Operator Exams • 
• ( ) Dispatcher Exams e 
e ( ) Gnd. Instr. Fundamentals Exams e 
• ( ) Navigation Instructor Exams • 
e ( ) Radio Na-.. Instructor Exa ms e 
e ( ) Meteorology Instructor Exams • 
e ( ) C.A.R. Instructor Exams • 
• ( ) Engine Instructor Exams • 
• ( ) Aircraft Instructor Exams • • • : ANY 4 $10.00 ANY 2 $8.00 : 
: ANY 3 9.00 ANY 1 5.00 : • • • • ! ACME SCHOOL OF : 
: AERONAUTICS : • • : Terminal Bldg. Meachem Airport : 

: Fort Worth, Texas Ph. MA 6-2444 : 

: Please mail the books I checked above. : 

: D Payment enclosed ,0 Send COD : 

• • 
: Name ___ __________ : 

• • This b ook cle arly explains how to pass • • 
the mechanics FAA airframe and powe r- • Address - - --------- • 
plant practical tests . It has oral que stions • • 
and a n s wers, d iag r a ms, shor t cuts , • e 
revisions , etc . See -co upon at right. • City, State ·--------- • 

1----------------··························· 

Guaranteed lull tuition refund ii you 
do not pass the FAA written exam 
within 6 days alter course. You will 
receive direct individual instruction 
(not lectures) until you understand 

all the required material. Requirea 
course time is 2 to 5 days. Available 
7 days a week. Start any day. For 
details mail in coupon or phone 
MA 6-2444. WA 7-7367. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
: ( ) C~eck Ri~e Flight Trainine ACME SCHOOL OF AERONAUTICS : 
: ( ) Prrvate PIiot Exam Course : 
• ( ) Commercial Pilot Exam Course T[RMINAL BUILDING MEACHEM A1R,011T • 

: ( ) Instrument Pilot Exam Course PORT WORTH, TEXAS : 

• ( ) Airframe Mechanic Exam Course Plea.. ••nd details on counH eh.eked 11t • 
: ( ) Powerplant Mechanic Exam Course left. : 
• ( ) Flieht Instructor Exam Course • 
: ( ) Instrument Instructor Exam Course Name.. : 
: ( ) Right Eneineer Exam Course Address .. ................ • 

• ( ) Airline Transport Exam Course C ity & S tate .......................... .................... .... .. .. .... .. .... .. ..... : 
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No. 6005 
ANHtOlD 8AROMHE11. 

Send for our free aualog 

START SOARING 
SOARING SCHOOL · 

Enjoy the supreme sport of 
Sky Sailing. Write for free 

school 
leaflet. • - • 

STARTING,. 
♦ KIT • 

Special Offer-$1 post-

-,:~~-;-~-~-~----· ~r~~;;1ia~0:1i!'~~!\t~ 
- . Sailing. Money back 

L--::::::----- guarantee. 

NEW! "STROBE" 

ANTI-COLLISION BEACON 

No sweeping beams to 
cause vertigo. 
No moving parts to wear. 
No radio noise. 
With no more current drain 
than a single panel light , 
the "Strobe" f lashes 72 
times a minute with an out­
put of 72,000 volts. Less 
than two pounds; easy to 
install. Write for details. 

Electronics Division 

Gas Equipment and 
Engineering Co. 
1015 Diamond Ave ., Evansville, Indiana 
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(C o11/i1111 ed fro m page 89; 
because the weight of accessories tends to 
remain fixed . The size of starter,, gener­
ators, etc. rern,iins nearly constant and 
doesn't change much over wide ranges of 
engine output. So li ght plane piston en­
gines generally weigh about 1.5 p ounds or 
more per horsepower. It is generally 
agreed that a regenerative gas turbine en­
gine for aircraft can weigh under 1.0 
pound per horsepower. 

The second point is that the regenera­
tive gas turbine "'ill always weigh more 
than the conventional gas turbine. The 
heat exchanger svs tern and extra ductin g 
will add weight to a regenerative engine. 
In the 500 lip class the conventional tur­
boprop of the most modern design weighs 
around .45 pounds per horsepower. 

vVhile the regenerative engine will 
\\·eigh more than the convention;11 gas tur­
bine it is not expected to weigh twice as 
much. Some designers b elieve it will 
weigh less than 25 per cent more. If they 
arc right and the conventional turboprop 
fuel consumption can be cut by more than 
20 p er cent, the regenerative engine un­
doubtedly will be very useful. It would be 
especially attractive on a longer range 
aircraft which normally stays aloft many 
hours. Low fu el consumption is more im­
portant th an low engine weight on such 
:i ircraft. However, on short-range aircraft 
that land at frequent intervals and do not 
carry large fuel loads, low engine weight 
assumes greater importance. 

Engine simplicity, one of the major ad­
vantages of the gas turbine, will not be 
a ffected to a great extent by the addition 
of regeneration. It is generally predicted 
that they will have less than one-third of 
the parts in a piston engine. 

Regenerative engines are b eing consid­
ered by the military for two main uses 
today. 

The Navy believes these engines have 
great potential for powering anti-subma­
rine warfare ( ASW ) aircraft. The ASW 
m ission in volves long hours of Hight in 
search for submarines . In the past this 
search was made at low altitudes, but 
hopefully th e equipment used in the sub 
hunt can be improved so that the search 
aircraft can fly at higher altitudes which 
will lower fu el consumption and improve 
search range . 

THE Army is looki ng at regenerative en­
gines although its requirements are 

completely d ifferent from the Navy's . Army 
aircraft normally fly relatively short mis­
sions in movin g troops ancl supplies around 
a b attlefi eld , so they are more sensitive to 
high engine weight than any AS\-\1 aircraft . 
The Army is interested in long ferry cap a­
bility, but higl1 effi ciency on the short­
range mission is considered the most im­
portant. 

On lengthy airborne operations a very 
large percentage of the available aircraft 
must be used to carry fuel for those em­
ployed in movin g troops an d equipment. 
Therefore, any small decrease in the fu el 
consumption of the Army aircraft is mag­
nifi ed many times when large-scale air 
movements are concern l:d. 

Some Army studies of regenerative en­
gines are quite encouraging. A typical 
es tim ate is th at the ferry range of the 
turbo-shaft powered C hinook helicopter 

could b e increasecl 2.5 per cent thrQtq:d1 
the use of regenerative engines. 

During the 19.S0's most research and 
developm ent work on regenerative gas tur­
bines took place in the automohile in­
dustry. 

During the last half of the 1950's all of 
the major auto firm s road tested regenera­
tive engines . ~fost of the new powerphnb 
had a lower fu el consumption than the 
ordinary car engin e durin g highway driv­
ing. Tl1 cre was real hope of getting the 
consumption clown furth er to the diesel 
level. In addition, regenerative engines 
were generally quiet-running, their ex­
haust was cool enough for a p erson to 
hold their hand in , and the problem of 
rather slow acceleration was overcome. 

ONE of th e most important moves in 
the automobile industry in the p ast five 

years or so has been the development of 
gas turbin e powerplants whieh are more 
complex than the simple regenerative en­
gine. The major example of this "·ork is 
the Ford 704 engine which not only has a 
regenerator system, it uses an "intercooler" 
and a "reheat burner" both of which help 
improve the effi ciency of the engine. The 
function of these two units is described 
b elow : 

In tercooler-One the 704 engine the 
compressor is divid ed in to two un its, the 
low pressure and the high pressure sec­
tions. 

An intercooler which resembles a radia­
tor is placed between the compressor sec­
tions. It cools the air down so that the 
high pressure section ·can be smaller, oper­
ate at a lower tip speed and absorb less 
power from the engine. 

As the air stream leaves the hi gh-pres­
sure compressor section, it passes through 
a regenerator, of the stationary tube type, 
before entering the main combustion 
chamber. The regenerator heats the air 
and increases engine effici ency in the rn ,m­
ner of all regenerators as described pre­
viously. 

After the air stream passes throu gh the 
main l:ornbustion chamber, where fuel is 
burned, it enters the first of three turbine 
stages. This first sta ge drives the l1igh­
pressure section of the corn pressor. Imme­
diately after pass in g through this tmhine 
the air stream enters the reheat hurner. 

Reheat Burn er, This device takes ad­
vantage of the fact that it is more effici ent. 
in engines with several turbine stages, to 
burn fu el and acid heat in front of cacl1 
turbin e wheel rather than adding h eat just 
on ce in a single combus tion chamber. 

As the hot en gine air passes throu gh any 
turbine stage, it docs work and is cooled 
down, So if two or three turb in es are 
placed together, the air stream is progres ­
sively cooled an cl has a low capacity to do 
work by the tim e it has rcaehed the third 
turbine. 

On the 704 engine, after the air leaves 
the reh eat burner it passes through the 
second turbine whieh dri ves the engin e 
output shaft leading to the transmission 
and the auto wheels. After that the air 
stream dri vt;s the turbine which turns the 
low-pressure eompressor. Finally, the air 
stream goes through the regenerator and 
is exhausted overboard. 

Obviously, the Ford 704 engine is mueh 
(Continued on page 91) 
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(Corttinu ecl fron, /JU /!,e .'JO) 
more cornpl cx and hea vier than a si,nple 
regcnemtivc gas turbine. It is similar in 
concept to som e heavy, industria l gas tm­
bine engines which arc stationary ant.I do 
not have the weight problems of power­
plants used for propulsion. 

vVhen Ford decided to develop the com­
plex engin e for automotive use, it had the 
major challenge of folding all of this ma­
chinery into a small package that wo uld 
fit under the hood of a passenger ea r. Also 
the total weight had to be kept low. 

The packaging and weight goals we re 
met and the complete 704 engine has been 
operatin g on the test stand developing its 
maximum power of :300 hp for more than 
two years. A good indication of the suc­
cess of the engine is a contract a warded 
to Ford over a year ago, by the \:a vy's 
Bureau of Ships, fo r the development of a 
600-hp engine of tlie same basic desi _gn ,1s 
the 704 . This engine will be available to 
all of the arm ed services . 

The main ath-antagc of the 704 and the 
new GOU h ti engine is that their fu el con­
sumption at both full and part throttle is 
eqniv,1ku t to the diesel engine's . ln re­
spect to partial power operation, both the 
704 and the diesel engine are greatly su­
perior to the simple regenerative _gas tur­
bine. A heavy weight advanta ge also lies 
\\' ith the 704. It produces 300 hp for a 

Cessna 140 
(C on tinuecl from page 30) 

valve . The positions on the selector valve 
are: "Both O ff ." "Right Tank, 12.5 Gal.," 
"Left Tank, 12 .. 5 Gal." It is important to 
remember that the fuel va lve handle incli­
catcs the setting of the valve h y its position 
above the dial. 

Total fuel carried aboard tbe Cessna 140 
is 2.'5 gallons. There are two 12), gallon 
tanks, one in each wing with direct reading 
fuel gauges in the cabin at the wing root. 
Fuel is fed by gravity from each wing to 
the selector ,alve , and then a single fuel 
line runs forward to the fuel strainer on 
the firewall ,me! thence to th e carburetor. 

The eleva tor trim control , located near 
the fud selector valve, is quite effective 
fo r relieving control wheel pressures during 
Hight. The tab is actuated hv rotating a 
small wheel. Flaps on the 1-10 can be 
raised or lowered d uring normal flying 
whenever the ai rspeed is less than 82 mph. 
In design, they ,1re much smaller and not 
of the "hi-lift'' type used on Cessna 170-Bs, 
,md later models. They do induce some 
drag for steepening the glide angle, but in 
my opinion do not markedly improve the 
takeoff performance of the 140. 

Starting the 85- or 90-hp Continental 
follows normal procedure. If the engine 
is cold ( .50 degrees F. or be low), it should 
be primed three or four strokes. 

Taxiing the Cessna 140 is pleasant, as it 
has good ground control characteristics 
with the steerable tail wheel and effective 
hydraulic brakes. Visibility over the nose 
is i1nproved using a stagger-taxi pattern ; 
out of the side windows, however, it is 
somewhat limited ,mcl requires leaning for­
ward to lower the eye level below the top 
of the window when watching for wing 
clear"nce. By the, time the 140 has been 
taxied into the t.1kcoff position , the engine 
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total w,·ight of abo11 t /J.'50 po,rnds wh ile a 
di esel of the same power weighs around 
2,700 pounds. 

As far as aircraft engin es are concerned, 
the use of elaborate cycles such as the 
704's is questioned by some d esigners. 
They cite the fact that for many aircraft 
miss ions fuel economy at power settings 
below cruise is of little importance. 

Other aircraft gas turbine designers 
favor the use of at leas t som e of tl1e ideas 
employed in th e 704 . 

En gines for ASW airp]anes and Army 
aircraft apparently are ready to pass from 
the study ph ase into development. It isn't 
certain ye t just what type of cycle will he 
used on them . Lightplancs , even extreme­
ly small ones, l\\ay benefit from the new 
des ign philosophies as soon as any other 
class of ,1ircraft . A 7S-hp regenerative '-(as 
turbine weighing 7S pounds has been de­
,·elopecl hy the \-Villiarns D evelopment 
Corp. of W,i lled Lake, 'vlicl1. During tl1 e 
pas t three years the engine has been tested 
on stands in l)oats and in a jeep under 
Army contract. Im proved versions pro­
ducing 150 hp and .500 hp are under cl e­
vd opment under Navy and comm ereial 
contract. 

Gas turbine engine teclmology seem., to 
be growing faster today than ever. Tbe 
chan ges a pparently will he felt in land, sea 
and air transportation. t, 

usuall y is up to takeoff temperatures due 
to the tight engine cowling. '>lags arc 
checked at 1,800 rprn and the drop on the 
right rnag should not exceed 50 rpm on 
the left mag. At a full throttle static check. 
either engine ( 8.5 or go lip ) should turn 
up 2,100 rpm or more when equipped with 
a metal prop. 

Prior to takeoff, the trim tah should be 
set to "Takeoff" position , earburetor heat 
"Cold," release brakes and place heels on 
the floo r to prevent tbe brakes from drag­
ging, and check the flap control to rn,1ke 
sure that the flaps are retracted and locked 
into the "Up" position. 

After squaring the airplane down the 
runway, foll throttle is feel in and the 
Cessna 140 accelerates at ,1 good rate . The 
shortes t takeoff run is obtained by keep­
ing the tail low durin g the takeoff phase. 
In this attitude the 140 breaks ground ,1 t 
about 40 mph and the bes t rate-of-climb 
ca n then be attained bv building up an 
airspeed of 7:3 mph. For a longer climbout 
at full throttle, Cessna recommends an 
airspeed between 80 or go mph for suffi­
cient cooling of th e engine. Takeoff per­
fo rmance of the 140 loaded to a gross 
around 1,450 ponncls and powered with an 
8.'5-hp engine, checked out as fo llows on ,1 

day when the outside air was 40 degrees F.: 
Elevation of Ground run Rate-of-climb, 
hard surface required to Flaps up, 

runway get airborne Full throttle 

626 ft. GOO ft. 6.'50 £pm 
1,100 ft. 700 Ft. .'575 " 
2,000 ft. 77.'5 ft . S:25 " 
Upon reachin" cruisin" altitud e and as 

the nose of the ~ircraft i; lowered to level 
llight, the airspeed builds up rapidly to 
about 100 mph. v-Vith a touch of trim, it is 
easy to get the Cessna 1-40 on the step, 
and at 2,400 rpm ( about 75 per cent 
power ) it will true out at 105 mph. Using 

(Contin11ecl on JJage 92) 

A solid education is your only 
key to success in the world of 
aviat ion. The educational oppor· 
!unities offered at Embry-Riddle 
are described in this Bulletin. 

Young Man ... Is this for YOU? 
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PILOT 
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and corporate aircraft than there are commer• 
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in conjunction with the University of Miami, 
provides you with your own personal key to 
success in this vast field. Earn your Bachelor of 
Business Administration Degree and complete 
flight ratings, including Commercia I, I nstru • 
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Aviation Administration and/or as a profes• 
sional Pi!ot. Join the thousands of other flying 
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in business aviation. 
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80-page booklet, "Your Bright 
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