
JliResearch 
-rurbochargers 
rr,ake your diesels··· 

• run cooler! 
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Factors like advanced wheel design 

--

and perfe~~ly matched turbine and compressor 

keep engine thermal loadin_g at a minimum 

So effective is the AiResearch 
turbocharger that it provides 
power gains while actually lower• 
ing the heat level of the engine. 

Ambient air is compressed with 
an efficiency as high as 82 o/o, feed­
ing a maximum weight of air into 
the cylinders at the lowest possible 
temperature. 

Results: maximum power gain 
at minimum fuel cost; complete 
combustion with elimination of 
o.h_jectionahle smoking; low 

- TH 

engine thermal loading insuring 
long, trouble-free operation. 

All AiResearch turbochargers 
are air cooled, placing no added 
burden on the diesel cooling sys­
tem and requiring no complicated 
plumbing. Th_e rotating assembly 

is removable as a unit, simplifying 
in-the-field maintenance. This 
advanced design evolved from the 
most extensive experience in the 
field-of small turbomachinery in 
America. 

Your inquiries are invited. 

BASIC SPECIFICATH>-NS FOR AIRESEARCH TURBOCHARGERS 

MODEL F-51 C-60 A-60 E-100 B-100 

D iameter - in. nom . 9 11.5 15.25 15.25 16 
length - in . - 9 _ _H.1 2 16.75 17.25 21 .75 
Weight - lb . 40 95 125 135 -'1 95 

Output - lb/min . 25-40 35-65 35-65 70-95 115-175 

(Standard Cond ition5) 

CORPORATION 

thResearch lnduslrial Division 
9225 South Aviation Blvd., Los Angeles 45, California 

\ 
\ 

OESlr.lllERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRI_AL PRODUCTS 
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Field experience and continuous engineering de­

velopment have resulted in Schwih:er's 
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i".'' ,. Schwltnr's new 4-ln. air-cooled · 

New Turbocharger Models· 
-< •• , model · turbocharger can have 

i.F" turbine and compressor Inlet 
·'", and outlet tlanges set In any 
{"_;,.';~, position for convffllent mounting. 
·~; .. ,· : 

TURBOCHARGING is a cheap way to get power. In-

. vestment cost p~r horsepower added by a turbo-
charger is about ¼ to 1/3 the cost per horsepower of 
the basic engine. Secondly, turbocharged engines deliver 
more horsepower per fuel dollar than unsupercharged 
engines. Small wonder then, that boosting output by 
turbocharging both field engines and new ones is so 
attractiYe. 

Actually the savings don't end here-especially for 
new equipment. Vehicles cost less since a lighter chassis 
can be used. Greater pay lc1ads at higher speeds are 
possible on trucks and earthmoving equipment. 

Compact, ligh t-wei/.!ht turbochargers such us thosri 
made by the Schwitzer Corp., among others, µermit 
simplified mounting. usuull y directly on the exhau~t 
manifold within exi~ting space limitati ons. This orga ni­
zation, for cxmnple, makes many models based on four 
sizes of turbocharge rs which are adaptable, in si ngle or 
multiple units, to engines from 50 to 1400 hp. 

Turbine and compressor inlet and outlet flanges on 
these units may be set to any one of several positions 

. . permitting mounting in the most compact manner. Un­
:...7 ~ like mechanically-driven superchargers, no costly gear 
.:; ·. trains, couplings and special mountings are required. 

•;;::_:' The charging pressure 6f these - units is from 2-3 
· :: .: atmospheres and the weights and air capacities of the 
:-,, . four wheel diameters. are as follows: 

Turbine Wheel Size Approx. Air Delivery Weight 

3-in. 150-300 cu ft 20 lb 

4-in. 300-500 cu ft 28 lb 

5-in. 250-500 cu ft 40 lb 

6-in. 600-1200 cu ft 55 lb 
The water-cooled 5-in. unit is Schwitzer's old work 

horse. But after years of reliable ser\'ice it is still going 
strong. The 3-, 4-, and 6-in. turbos are new units. These 
air-cooled units round out Schwitzer's line of turbo­
chargers. The air-cooled design eliminates all cooling 
1\'ater connecti ons from lhe eng ine and gives greater sim­
plicity, a most desirable feature. The only piping to the 
engine now consists of tw o oil lines for lubrica tion of 
the bearing and shaft assembly. 

These turbocharge rs ca n be udnptcd to a wide niricty 
of engines withou t chnnge in lmsic design. Intcrcha11gc­
able stainless steel turbine nozzle rings arc available to 
match operating conditions of euch specific application . 

Divided housings and nozzles are designed so that the 
.turbine can operate as a blow-down or_ a steady-flow 
type. Generally, better results are obtained with the 
blow-down principle. This involves dividing the exhaust 
manifold so that there is no overlap of the cylinder ex- · 
haust processes discharging into any one branch of the 
manifold. The divided manifold and turbine housing 
makes better use of the exhaust gas energy. Lower aver­
age exhaust manifold pr_essures and better cylinder 
scavenging result. 

l Curves show compressor Inlet air tlow cfm at different pressure ratios for 3-, 4-, and 6-in. model · air-cooled turbos. 
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Radiation shield between turbocharger at right and compressor at left 
helps to lceep heat from air-coaled turbo away from air in compressor. 

Efficiences are constantly being raised and turbine 
speeds are being increased beyond those · believed prac­
tical only a short time ago. Also, significant results a.re 
being obtained with after coolers which reduce air tem­
perature leaving the turbocharger and permit better per­
formance over a wider range. Use of the after cooler is 

encouraged wherever poss ible. 
The turbine housing is a Ni-Resist casting capable of 

l\'itJ1sta11ding high temperatures without sca ling or stress 
failures. The bear ing housing is grey cast iron while 
the corupre ·so r housing and co\'cr arc aluminum. Present 
rccn rnlllcndccl exhaust gas temperature limit is 1500°F. 

The !waring is o f the sleeve-t ype, lubricated by engine 
oil. A d"uhlc pi~to11 riug-typc~ oil ::-cal at each end of 
tlw ~haft i~ prr~~urizecl !J y an air blec<l from the com• 
prt'~::-or I" ~c·a l leaka,!e, End thrust at the compressor end 
of the ~haft j5 relativel y light. The compresso r and lur• 

binc whee ls arc cl c~ igned so that the thrust between them 

is balanced. 
Design confi guration of the cobalt-base alloy turbine 

wheel combined with the aluminum compresso r wheel 
results in low in ertia and low stress. Only a fraction of 
a seco nd is required for the turbo to reach approximate 
full speed when a load is suddenly applied to the engin~ . 

Adrnntages incorporated in their light weight result 
in ease of installation and quick acceleration. These units 
are designed for long reliable service and require only 
the normal maintenance given other parts of the engine. 

Water conntttions lot Schwltzrr's older model S-ln . wafM-cooled tu,bochar9•r 
con be sttn b~tw~n the turbo and comprt!uor on either view of this u:1it . 

Diesel Power 



, 
I.'. 
I 

/ 

30 

.• 

AiResearch turbocharger Is shown with units making up pressure• 
ratio control syrtem. Exhaust by-pau valve Is at lelt of turbo­

. charger. Pressure-ratio sensor ls seen at right of turbocharge,-. 

Controlled Turbocharging 

Improves Performance 

Garrett Corporation's AiResearch Industrial 

Division has developed and put into pro­

duction components of a new pressure boost 

control system for their entire turbo­

charger line. Faster turbo acceleration and 

improved engine torque characteristics 

are major results. Here's how it was 

done and what it means in performance._ 

T ODAY's tur boch a rged eng ine offers high output and 

effi cie ncy, Na tu rally-asp ira ted engines offer flexi­

bil ity. Combine these charac teristics and you'd h a ve the 

current ultimate in di esel working power. 

. This· combinati on of power ad vantages has now become 

a practical reality with a turbocharging system that is 

boost pressure con trolled. Com ponents of the system are 

now in producti on a t The Ga rrett Corp.oration's Ai­

Research Industri al Division, L os Angeles. Un its h ave 

already acquired ex tensive operational experience and 

ar e sta ndard 'prod ucti on items on some Caterp ill ar Trac­

tor Compan y equi pment. 
De, eloped fo r use with the entire fa mily of A iResearch 

turbocha rgers, the boost pressure control system pro­

vides tw o bas ic types of improvement over previous 
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Fig 1. Typical torque curves for ( bottom ) natu­
rally-aspirated engine; (center) mechanically 
supercharged , engine and (top) conventionally 
turbocharged e!'gine. Shape ol top curve is a 
compromise governed by operating limits , here · 
shown as the typical smoke and stress limit lines . 

tu roucha rg i ng meth od~. Im pro\' emen ts a re acrnm pl ishcd 

li1· co 11 t rulli11 g speed a 11 d af'cr· lera ti on of the tu rl,ocl!ll rµcr. 

f irs t, improved turl1r, accr· lera ti on pru\ id t:s lwtt er 

l'lll! i11 P response o r snnp nnd redu ce~ c:x ha u,-, t ~m" kr: wh t:11 

un dt:r lu ·a ,·y loud . Sf'tu11d , impron:d 1<,rq11 t' d 1ara l'l r·ri ~­

ti cs provide g rea ter Jlf'ak l1 o r~l'Jl f1 11 er, µ rrn tn 1· 11µi 11 e 

lug~ ing ahilit y for lll'11\')' wnr k 1\' ith 111i11i11111111 g1·;1r ~hift ,, 

to!!,· tli c r wiL11 rccl11c;t'd c11 g in1 · ~lrt.·~~ lf'n• k 

Why "Controlled Turbocharging"? 
\re (;11 11 best ' und t' rstn1Hl th t· r'.ll ill~ n·,d izt'd frn 111 tl1i s 

new dcvd opme11l ca ll ed~ "ro11tn,ll n l turhodw q::i ng' ' l,1· 

hr icfly trnc ing prog rl's!' o f'th e ~llflL"tcharged di e~cl. 

Power develop_cd hy th e 11 a tu ra ll y-a~p irn ted di e~cl 

1 lowest torque curve on Fi g, 1 ) is limited by the a111 ount 

of air it can breathe for combusti on. This t~·pe o f en­

~ine develops increased torque with dec rease in eng ine 

speed under load. ·It is thi s " torque ri se" that gives 

the di esel its lugging power, so valuable for heav y work. 

When diesels were superch arged by mechanicall y­

dri,·en blowers {midd le curve on Fig, 1) more c1 ir was 

made available fo r com busti on a nd thus m ore power was 
de,·eloped . Since this type of superch,arge r is a positi,·e 

pump like the en_gii1 e, shape o f the torque cur,·e was un­

changed, Cranksh aft power , h o,rever, was required to 

drive the bl ower a nd thi s fact increased fuel consumption 

am! limited avail able engine p ower. 

The m odern turbocnarged di esel utilizes a more ef­

fi c ient supercha rging unit cl ri,ren with exhaust gas energy 

id1ich was fo rmerl y wasted . This device made possible 

both increased power and · dec reased fuel consumption . 

However , under var iable speed and load conditions and 

when supercharged with conventional, free-fl oa ting { un­

controlled ) tur boch argers, eng ines fa ce two operatin g 

limits which influence their beh avi or. • 

At low rpm, eng ine torr1ue 1s limited by the decreas-

Diesel Power, September 1958 
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fig 2 . Some three torque curves with addition 
ol a torque curve (top ) mode possible by con• 
trolled turbochnrging , By control ol the turbo­
charger speed, smoke and strtiss limitations are 
removed. The most desirable turbochorger speed 
is maintained over a wide range ol engine speeds, 

ing combustion air available as turbocha rger speed 

drops. This is the smoke limit example sho wn at the top 

of Fig. 1. At high engine speeds, torque is limited by 

the stress limit line shown. This line, a typical limit fur a 

well -matched turlwd111rgcr :111,cl eng ine, rcprescn_ts t;jtl1cr 

turliodrnrgcr speed strc~s ·o r e ng ine pressure s tress. 0 th­

('!' limit lines 111a y be sd ect<'.tl. 
Torqu e ·urw•~ of turl,odiargcd eng ines ha ve !wen 

, -. orked n ut l, y cn111p ro 111i ~c tinder th e~r: tw o lirnits. Cun• 

n·ntinnal turl1ocliargcr upplicuti<tn n:duces re lati ve lug• 

g iti;! a bilit~· o f the eng ine by increas ing th e ~peer! at 

whid1 111aximu111 engine lo rc1u c is obta iner! . This is abo 

~hown in Fig, l. 
The boost press ure controll ed turbocharge r re rn o,·es 

these limitati ons on the turbocharged eng ine. Act ion 

of the control is to maintain the m os t desirable turbo­

charger speed over a wide range o f eng ine speeds. as 

shown in Fig. 2. This removes need for a compromise of 

torque curve. 

\Vith this control. the eng ine operator can haYe his 

cake in th e form of pe ak power and eat it as well in the 

fo rm of engine lugging ability surpassing that of the 

naturally-aspirated engine. Thus, the controlled turbo­

charger combines high power and efficiency peak of the 

turbocharged engine with torque fl ex ibility of the 

naturally-aspirated t ype. 

How It Works 
The AiResearch controlled turbocharger system oper­

ates by a simple principle. The turbocharger is matched 

to the engine with a turbine nozzle of a precisely selected 

size to drive the turbo unit fa st enough for quick r esponse 

and maximum torque at the lowest eng ine speed des ired. 

This direct!~· res ult s in optimized torque characteri st ics 

and g rea th· i1~1pron·d response.· 

As engine spN'd inneases. the boost pressure con• 
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ADDITIONAL AIR NEEDED 
( FROM TUR P OCI-IARGER) 
TO CARRY LO AD 

AIR ALWAYS AVAILABLE 
( NATURA L ASPIRATIO N) 

TIME­
AIR RESPONSE TIME 

Fig 3. With prE'Ssure boost control, the turbo's nozzle ring con 
be selected /or quick response and maximum torque at the lowest 
engine speed desired. Turbo speed limitation (stress limit) • Is 
no long~ a factor ln nozzle ring selection as excess exhaust 
gas, tending ta drive tho turbine faster, is bypassed. This 
action Is shown by · the . line labeled "Pressure Boost Turbo". 

trol system acts to maintain d esired turbocharger speed 

by conducting excess exhaus t gas around , rather than 

through, th e turbine. 

Rapid turlJochurge r response lo eng ine load cha nges 

J1 as become inc reas ingly i111po rtant us power levels in­

crease. The boost pressure control system provides the 

hig hest rc:-ponse rates yet ac hieved, us shmrn in Fig. 3. 
In rc~ponsc to an irH.: rca~c in r ng inc load. a contrullc1I 

turbocharger, !wading to ward n l1i ;.d1 ' pol<'ntial cq uili­

lJrium speed. accelerates i11u ch 111orc rapid!~- than an 1111• 

controll ed turbocharger. 

As the des ired turhod,argcr eq11ilibrium speer! is 

rea('hed th e pressure con trol takes OH'r and 111 a intains 

thi s speed. Tl1us. th e time required lo dewlup th e de­

si red amount of co mbust ion air is gr ca th· dec reased, 

Some Results 

Caterpillar DW 20 and DW21 wheel tractors are 

equipped with the AiResearch boost pressure controlled 

turbocharg ing system. The system provides equal rimpull 

fo r:_ these tractors at up to 10% higher travel speeds. In 
addition to more than double torque rise, improved lug­

ging and accelerati on characteristics, other benefits ex­
perienced include decreased specific fuel consumption, 

and reduced smoking. 

Extensive tests with retrofitted installations on over-the­

road truck operations have been conducted by Ai­

Research. Results show an average 5 % increase ip fuel 

mileage over normally-turbocharged diesels. This margin 

is 10% over non-turbocharged models and in individual 
cases as high as 21 %. 

It appears t.11'at this highly r efined method of turbo­

charg ing will provide a subs ta ntial boon to operators of 
diesel eng ine eq uipmen t, sig nifican tl y increasing the 

alread)· notable accomplishments in the a rea of turbo­
chargcd di esel working power. 

Diesel Power Diesel Power, September 1958 
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Union Pacific 
Turbocharging 

Program 
Three year test proves 
advantages of multiple 

turbocharger installations 

DUR ING the past three years the 
Union Pacific Railroad has been 

conducting extensive tests with three 
prototype diesel locomotive units in 
freight service equipped with multi­
~e turbochargers. This turboc~ar;g­
ing system was developed by the 
AirResearch Industrial Division of 
the Garrett Corporat~on. It would 
now appea r that these tests have 
proven successful. 

' AirResearch has announced a con­
tract to equip 25 Union Pacific GP-
9 diesel locomotives each with four 
1'3oo6-0l turbochargers. The turbo­
diarged engines · are rated at more 
than 2000 hp. They are able to main­
~ this output at the highest operat­
lllg altitudes of the Union Pacific's 

Four of these AirResearch model 13006-01 turbochargers will be installed in 25 ol 
Union Pacific's GP-9 diesel tocom~tive ;. 

track system. 
In addition to this advantage, spe­

cific fuel consumption has been re­
duced and combustion improved to 
a degree which will permit smoke­
free burning of lower-grade fuels. 

These c_onverted units will operate 
m~inly in Unio n Pacific's high 
al titude regions where the advantages 
of the turbocharging system in main­
taining full power are most pro­
nounced. 

It has also been announced by 
Union Pacific that an order has been 

tr~· '-IU( 'tw 6-"l'f'Jfl 

placed by the Railroad for T5 new ; .,/,,., 

turbocharged diesel-electric locomo-
tives fr om the Electro-Motive Divi-
sion of General Moto rs Corporation. 
Total cost of the purchase will run 
over $19 million. 

U.P. points out that the chief ad­
vantage of these turbocharged units 
will be the econom y resulting fro :n 
use of low-grade fu el. The new units, 
which will generate 24OO-hp. will 
burn a residual-typ~ fuel instea :l of 
the more expensive diesel fu el no ·: m 
use on the li :1e. 
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PACIFIC 

-DIESELS 

Al RESEARCH 
is now turbocharging Union Pacific's heavy duty, 
2-cycle GP9 diesel with four T3006-0l turbochargers. 
This application of multiple turbocharger systems 
on this type of locomotive has already accumulated 
more than 1.5 million turbocharged miles. Its 
important advantages are: 

• Smaller turbochargers easily installed for retrofit 
• Substantially increased engine horsepower at all 

altitudes 
• Lower engine fuel consumption 
• Higher air flow through the engine, allowing the 

use of heavier grade, cheaper fuel 
• Cooler engine exhaust 

• Engine exhaust free of smoke and sparks 
• Turbochargers easier and less costly to maintain 

AiResearch is a world leader in the developme 
and production of air-cooled turbochargers a· 
turbocharger controls for all major diesel engi 
appl' cations. More than 35,000 AiResearch tur 
chargt:~·s now deliver close to 9 million turbocharg 
horsepower. Your inquiries are invited. 

THE CORPORATION 

?liResearch Industrial Division 
9225 South Aviation Blvd., Los Angeles 45, California 

DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED, INDUSTRIAL PROD 

4 • Diesel Power, January, 1960 
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