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ABSTRACT 

The rotary  engine was firs t  brought  to the world’s  
at tent ion in the 1950’s .  This  paper chronic les  the 
years  of development between then and now. It  
explains  the fundamental differences and 
advantages of the charge-cooled rotor Rotapower 
engine over the oil  cooled rotor rotary  engine,  m os t  
frequent ly  ident ified with Mazda.   

THE UNIQUE ATTRIBUTES OF THE ROTARY 

ENGINE, SOLID TECHNOLOGY LOOKING FOR 
AN APPLICATION  

The Rotapower engine is  based on the Wankel 
rotary  engine,  which was patented in the late 
1950’s  by  Felix  Wankel.   The Wankel rotary  was 
immediately  recognized by the internat i onal eng i ne  
community  as  remarkably  s imple approach to 
achieving all  the funct ional characteris t ics  of the 
effic ient  but  complicated four-s t roke pis ton eng i ne .  
This  recognit ion led to a worldwide effort  to devel op  
rel iable and effic ient  models  of this  eng ine init ial ly  
by  Curt iss -Wright ,  Mercedes Benz,  NSU, Fichtel -
Sachs,  and later by  Outboard Marine Corporat ion 
(OMC) and Mazda.   Curt iss -Wright ,  John Deere,  
Rotary  Power Internat ional and related part ies ,  
spent  over $1.5 bi l l ion on Wankel -type rotary  
engines ,  most ly  in ant ic ipat ion of replac i ng  t u rb i ne  
engines in mil i tary  applicat ions 1.  By 1980,  more 
than 1,500 U.S.  patents  were issued on Wankel -
type engines.   These have s ince expired and can 
be used by anyone.   The total es t imated 
expenditures on rotary  engines exceed $3 bil l ion 
dollars .   Mazda alone spent  well over $1 bil l ion 
dollars  on rotary  engine development and 
product ion fac il i t ies  for their automobiles 2.  

In general,  the at t ributes of the rotary  engine were 
outs tanding,  but  in the automot ive industry  i t  was 
compet ing against  the four-s t roke pis ton engine 
with a 100 year his tory  and hundreds of bi l l ions of 
dollars  behind it .   In addit ion,  tes ts  sugges t ed  t ha t  
the Wankel rotary  had poorer fuel consumpt ion at  

low power set t ings.  This  was at t ributed to gas  
leakage past  the rotor seals ,  which at  the t i m e  was  
not  as  good as the pis ton engine.  

By 1974,  when the rotary  engine was entering 
l imited product ion,  the automot ive industry ,  which
drives the four-s t roke pis ton engine industry ,  was
fac ing two concurrent  hurdles :

1. The energy cris is  of 1974,  which
emphas ized the need for immediate fuel
economy improvements .

2. Pollut ion reduct ion mandates were
int roduced and it  was determined that
qualify ing a new engine along with the
ex is t ing pis ton l ine was more than the
automot ive industry  felt  capable of
financ ial ly  undertak ing.

As a result ,  other than l imited product ion projec ts  
by  Suzuk i,  Yanmar Diesel,  NSU, OMC, and Fichte l -
Sachs,  only  Mazda created a volume product ion 
fac il i ty  and cont inues to produce engines.  
However,  Mazda,  having los t  i ts  earl ier momentum 
due to adverse public ity ,  confined their rotary  
engine to a sports  car (RX-7) and the low engine 
product ion numbers  never al lowed the engine t o  be  
produced economically  within their high -volume 
product ion fac il i ty ,  hence the RX-7 became rather 
high priced and l imited in sales .  

The rotary  engine is  somewhat less  fuel effic ien t  a t  
very  low power set t ings,  which is  where 
automobiles  in the developed countries  operate 
much of the t ime;  i .e.  10% power at  60 MPH,  2% 
power at  20 MPH.  In developing countries ,  where 
engines used for t ransportat ion operate at  the 
higher end of their power capabil i t y , the Rotapower  
engine offers  superior fuel effic iency in most  
applicat ions.   In the U.S.  the Rotapower engine is  
an outs tanding alternat ive to the high emiss ions 
two-s t roke engine used in some recreat ional 
applicat ions .   It  is  also an excellent  candidate for  



hybrid automobile engines or co-generat ion power 
plants .  

Rotary  engines have a remarkable record of 
rel iabil i ty .  Ingersol-Rand achieved over 40,000 
hours  without  a major overhaul.   Rotary  Power 
Internat ional (RPI) produces rotary  engines 
(technology acquired from John Deere) that  are 
guaranteed for a minimum of 10,000 hours , 3 and 
many of the OMC engines produced in the  mid-
1970’s  are s t i l l  running today without  an overhaul.  
Mazda rac ing engines can operate an ent ire rac i ng  
season without  an overhaul while their pis ton 
compet itors  are usually  overhauled after each 
race4.  

CHARGE COOLING IS THE MOST COST 
EFFECTIVE METHOD OF COOLING THE ROTOR 

In the Wankel rotary  engine the rotor i tself can be 
cooled by one of two means.  Oil cooled rotary  
engines injec t  oi l  direc t ly  into a cavity  within the 

rotor i tself.  The planetary  mot ion of the rotor 
causes the oil  to be thrown around the rotor interi o r  
with a violent  scrubbing act ion,  result ing in good 

heat  t ransfer from rotor to oi l .   

The presence of a large quant ity  of oi l  subjec t  to 

high centrifugal forces increases the l ikelihood t ha t  
cooling oil  wil l  be forced outward between the  ro t o r  
and the s idewalls .  The s teel s ide seals  near the 

rotor flank are des igned to seal the combust ion 
chamber but  are t ransparent  to oi l  migrat ing 
outward from rotor cooling.  For this  reason a 

complex and wear dependent  rubber or composite 
s ide seal is  required in an oil  cooled rotor rotary  
engine.   

Contrary  to popular belief,  this  s ide seal was the 
source of Mazda's  init ial oi l  seal fai lure problems,  

characterized by large volumes of blue smoke 
being produced.  This  type of seal is  des igned to 
exc lude oil  completely  s ince it  does not  meter oi l .  

This  creates the requirement  to meter oi l  into the 
intake of an oil  cooled rotor rotary  engine in order 
to lubricate the apex seals .  Once oil  enters  the 

airs t ream it  is  problemat ic  how much of i t  
subsequent ly  provides lubricat ion.  The oil  quant ity  
required thus increases and the potent ial for 

res idual depos its  within the engine also increases.  

A metered oil  sys tem, as  used in the Rotapower 

engine c losely  approx imates the lubricat ion 
technology of the four-s t roke pis ton engine.  W ith 
the Rotapower engine,  l ike the four s t roke pis ton,  

oi l  is  provided direc t ly  to the surfaces requiring 
lubricat ion as needed,  with minimum opportun i t y  t o  
enter the incoming airs t ream or charge.  In the c as e  

of the Rotapower engine,  the quant ity  of oi l  us ed  i s  
determined ent irely  by  the amount  needed to 
lubricate the seal contact  surfaces s ince rol ler 

bearings are used throughout  the engine and 
require very  l i t t le oi l .   

The oil -cooled rotor is  effec t ive at  removing heat  
from the rotor;  however,  the c losed s ides and the 

cored interior make the rotor heavy and compl ex  t o  
cast .  In addit ion the hardware necessary  to 
rec irculate the oil ,  inc luding an oil  cooler,  pump, 

fi l ter,  seals  and complex s ide hous ings,  al l  add cost  
to the engine.  Finally ,  there is  a power loss  
assoc iated with oi l  s loshing,  oi l  pumping,  oi l  seal 
drag and hydrodynamic  bearing drag result ing in 
8% to 12% of the engine power being used to 
provide this  oi l  cooling.     

Figure 1:  Comparison of Fric t ion Losses between 
the Mazda 500cc rotary  engine and the Freedom 

530cc Rotapower engine5 

In a direc t  measured comparison,  Mazda 
established that  the power loss  assoc iated with 
s loshing in the oil -cooled rotor,  the oil  pumping 
losses,  the oil  seal drag and hydrodynamic  bea r i ng  
drag,  cont ributed about  10% to the total energy loss 
in a 2x573 cc  displacement engine (hydrodynamic  
bearing loss = .15 kg/cm; rotor oi l  s los h i ng  and  o i l  
seal loss  = .4 kg/cm; oi l  pump loss ~ .3 kg/cm).  
Apex Seal loss  was 1.05 kg/cm and output  BMEP 
was 9 kg/cm.  

A charge-cooled rotary  engine ut i l izes  the incomi ng  
fuel/air mix  pass ing through the rotor,  as  the 
method of cooling the rotor.  The advantages of t h i s  
method are:  
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• The eliminat ion of the oil  rec irculat ion hardware,
which reduces the engine's  weight  and cost .

• Eliminat ion of the power loss  assoc iated with oi l
cooling.

• Higher exhaust  temperatures result  in a
naturally  occurring thermal reactor that
minimizes emiss ions.

In order to accommodate charge cooling it  is  
imperat ive that  the rotor be des igned to minimize  
heat  t ransfer to the rotor bearing while surviving the  
high internal temperature gradients .  In addit ion,  t he  
rotor bearing itself must  be of suffic ient  quality  to 
withs tand this  environment.    

W ith the use of rol ler bearings and a charge coo l ed  
rotor,  the Rotapower engine has eliminated the 
10% loss assoc iated with oi l  cooling the rotor .   The  
above results  also show that  the apex seal 
accounts  for an addit ional 11% loss.  The apex  s ea l  
weight  in the Rotapower engine has been reduced 
and the rotor-hous ing surface has been improved i n  
the product ion engine to further reduce seal drag.  
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