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ABSTRACT 
-V ííj^<*rrfc'' 

This report presents a, brief history^of cycloidal propulsion and a 

description of the kinematics of the flow through a cycloidal propeller. 

The various types of cycloidal propellers are discussed and a description of 

several installations is presented. A survey is presented of the literature 

pertaining to theoretical design procedures used for cycloidal propellers. 

A comparison of cycloidal and screw propulsion shows that cycloidal propel¬ 

ler efficiency is in the range 0.k5 to 0.58 as compared to 0.66 to 0.76 for 

screw propellers. Some advantages of cycloidal propulsion are discussed. 

In order to insure optimum efficiency in designs of the future, it is recom¬ 

mended that research be carried out to find the influence of: Kramer's ef¬ 

fect, a lifting surface passing through a vortex sheet, wake contraction, 

blade motion, wake adaption and blade proportions. 
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i ejrcloíóãl propinar 1» • eonbiMd ; ropulalon «nd st««rlrvf darle« 

thât producás * us«ful thrust (vhich m*y om cortro11«d in ntffnltud« and 

direction) uhll« absorblngr poirer. The thru:»t is produced by several blades 

which mvolve in a circular orbit about a comnon axis, while each blade 

rotates about a separate spanwise axis. 

The use of the cycloidal propeller principle is not new. For cen¬ 

turies the Chinese have used wlndnills with vertical feathering sails. In¬ 

ventors in the United States have attempted to use this device for more than 

130 years. United States patent records show that in 182li an inventor ap¬ 

plied for a patent on a feathering vane windmill. Experiments involving 

cycloidal propulsion in the marine field can be found scattered throughout 

the 19th century. 

The first successful application of cycloidal propulsion to ships 

occurred in 1922 as a result of the work of Kirsten^" who presented the math¬ 

ematics describing its operation in 1928. Also, in 1928, Schneider2 deve¬ 

loped the variable pitch cycloidal propeller in Germany. This type of 

cycloidal propeller, with improvements made through the years, is the type 

which today is found in most applications. 

3 
In the United States, Eastman continuée the investigations initiated 

by Kirsten's successful experiments. Plans for a cyclogiro aircraft propel¬ 

ler were developed, and experiments proved the advantages of this type of 

combined aircraft sustentation and propulsion. 

Interest in cycloidal propellers subsided in the United States dur¬ 

ing World War II only to be revived again in 19^5 by reports of the accom¬ 

plishments of German vessels equipped with Voith-Schneider propellers. 

During the post war period and up to the present time, the U.3. Amy and 

Navy have designed and built several experimental craft utilizing cycloidal 

propulsion. Notable among these is the LTI 219h, a United States Army 

Transportation Corps towboat equipped with two 1000 cycloidal propellers^. 

Cycloidal propeller design and construction in this country has been per¬ 

formed by the Pacific Car and Foundry Company, Renton, Washington. 

In the future, it will be necessary for cycloidal propulsion to com¬ 

pete with other means of ship propulsion. In order to insure optimum effi- 



c 1 • fjL iM of Tutor* do*l#n*# It 1* ftr*t no* »■ *»*ry to fiod 1 n/or»*tloo on tfeo 

\imo.~j uood In doalfn procoduroo for cycloidol propollor* *nd thon to dl»> 

do** arooa In which furthor r**o«rch nay prcrld# noan* of Incrooalnir cy- 

cloi'inl pi «pu lo Ion *fficl*ncy. Tho lafornatlon conUinod herein attonpt* 

to fulfill those needs. A surrey of th* pertinent literature was nado, and 

the ai’tlcles containing useful theoretical design Information are summaris^Ml. 

On the basis of the information found during the literatue survey, sugges¬ 

tions are presented for needed research. 

There is some controversy in the literature about the proper name for 

a propulsion device in which the blades rotate and revolve in a manner simi¬ 

lar to the motions of a planet relative to the sun. The term cycloidal pro¬ 

peller has been chosen here since this term is most descriptive. This is so 

because the path of the blade axis through a fluid is a cycloid no matter 

what particular blade motion or orientation is used. The terms "vertical axis 

propeller", "Voith-Schneiûsr propeller" and "Kirsten-Boeing propeller" are 

all less representative of the entire field of cycloidal propellers* 

The study described herein was conducted at the Davidson Laboratory, 

Stevens Institute of Technology under Office of Naval Research Contract No. 

263-27 and Davidson Laboratory Project No. KK-2117, 
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dl«L«nc« t«'w**>r. 5 *r.<i F (»•« 5k«tch 1) 

dlstanc* between S and P (s*e Skerch 1) 
O 

slop« of the curve of lift versus anele of attack 

chord length of section 

load coefficient based on velocity 

blade orbit circle diameter 

diameter of screw propeller 

blade efficiency 

propeller efficiency 

drag force 

advance coefficient, J - V/nD 

a constant 
2 la 

torque coefficient based on rpm, K - Qq/p n D x 

2 3 
thrust coefficient based on rpm, = T/p n D jf 

lift force 

blade length 

resultant force on propeller blade 

revolutions per second 

origin of axes 

generating point 

pitch ratio = advance of propeller in one revolution at zero slip 
divided by propeller diameter 

torque required by propeller in open water 

R radius of blade orbit circle of cycloidal propeller or ship resist¬ 
ance in smooth water 

r radial distance of control point of cycloidal propeller from axis of 
rotation 

r' distance between 0 and S' (see Sketch l) 

3 slip ratio, s ■ (V - V)/V 
o o 

S' control point 

S, So auxiliary points defined in Sketch 1 

T thrust developed by propeller 
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w résultant kino.’vtlc voioclty 

Oref*k Letters 

a klneratlc an^le of attack 

ß blade an^le 

amplitude of sinusoidal blade motion 

y angle between resultant velocity and tangential velocity 

f f • tan”^ 

^ rl - r/R 

9 polar coordinate, measured from negative y-axis to OP 

X advance ratio, X - V/Rw " j/n 

p density of fluid 

(AJ angular velocity of propeller 

Subscripts 

R, T denote components parallel to radius and tangent lines, respectively 

X, y denote components parallel to x and y-axes, respectively 
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fitTmrrca of ctcloioíl pj^r.lluo 

*V. "on-f>i i#iy, th#r* ara cor t radlet lona ln 11 la rat ura cone a mir« iha 

lama "proUta cycloid* and »cunata cycloid*. n»a tan« "trochoid* la aona- 

llnas uaa-1 to naan cúrtala cycloid and son&tlmea rafers to tha vhola fanll> 

of cycloidal curvas. Tha tamlnoloey adoptad hare is that which nay be 

found in most analytic geometry text books. (For example, see Wilson and 

Tracy5) 

When a circle rolls without slipping along a straight line, the path 

traced by any point P , in the plane of the circlo, is a cycloid. Let R 

be the radial distance from the center of the circle to the point P . Let 

be the radius of the generating circle. If R > r , then P traces a 

prolate cycloid, as shown by curve "A" in Fig. 1. If R - r , the P traces 

an ordinary cycloid, as shown by curve ”B" in Fig. 1, and if R < r , then 

P traces a curtate cycloid (curve "C"). 

The pitch ratio, p , (defined as the ratio of the distance traveled 

by P in tha direction of advance of the circle during one complete revolu¬ 

tion to twice R) determines which type of cycloid is traced by P . The 

pitch ratio is 

P 
nr 
R (1) 

The advance ratio, X , is defined as the ratio of the speed of advance of 

the circle, V , to the circumferential speed of the tracing point P which 

is Rw, where u> is the angular speed of rotation of the circle. Conse¬ 

quently, the advance ratio is 

Hie slip ratio, s , is defined as the ratio of the difference between the 

speed of advance of the circle at zero slip, , and the actual speed of 

advance, V , to the speed of advance at zero slip, i.e., 

V - V 

S * “V“ • (3) 
o 

Only positive slips will be studied here since propeller operation and not 

turbino operation is considered. For zero slip it is necessary that 

V * rw . 
o 
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Bene«, th» «llp ratio at arçr illp b»con«a 

a i-f 
0 

(il) 

Skatch I 

KINEMATICS OF CYCLOIDAL BLADE MOTION 

Consider a configuration as shown above in sketch 1. Point P re¬ 

volves in a circular orbit having a radius R and center at 0. The velocity, 

V , of the orbit through the fluid is directed in the negative direction 

along the x-axis of a two-dimensional, rectangular coordinate system. The 

tangential velocity of P as it revolves about 0 is 

U - Ru> . (5) 

Hie advance ratio is then 

X 
V 
U 

(6) 
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Th« »qu«r« of th« r««ultant voloclty of f through Um fluid i* 

V2 • U2 • y2 - 2V V coe 9 , 

or introducing X and dividing by U2 this bocones 

J -<v/l ♦ X2 - 2X coe 0 , (7) 

where 0 is the angular position of P measured from the negative y-axis 

in the counter clockwise sense. Let y be the angle between the resultant 

velocity w and the tangential velocity U . The relation between y and 

6 is such that 

sin y 
X sin 6 

w 
U 

(8) 

and 

cos y 1 - X cos 6 
w 
U 

(9) 

Dividing Eq. 8 by Eq, 9» one obtains the relationship: 

, X sin 0 tan y ■* -q-r--r . 
1 1 - X cos 0 (10) 

Construct a line through P and perpendicular to w . This line intersects 

the y-axis at S The line segment S P is denoted by a . From the 
o o 

geometry of Sketch 1, it is evident that the triangle 0PSq is geometrically 

similar to the triangle composed of the velocities U , V and w . Thus, 

the sid< 

to V . 

the side OS^ of 0PSq is of constant length, since it is proportional 

From Eq. U, one obtains the relation between pitch and advance ratio: 

x - T - T * (11> 

where the o subscript denotes zero slip. From the similar triangles one 

obtains: 

??O.V 
R U 

X > (12) 



**V '• from Eq. 11 and 1Í, 

ST - r 
o o 03) 

Thus, ths point S Is fixed as P revolves. The distance OS Is the 
° o 

radius of the generating circle, having its center at 0 , ard Is used for 

the construction of the prolate cycloidal path alun* which P will travel. 

Thus, ohe quantity rQ/^ is dependent only upon the advance ratio, X 

In order to produce thrust, a blade is introduced at P , oriented 

at an an^le of attack such that it will develop a lift having a component 

in the ahead direction. To accomplish this, consider a blade at P such 

that its chord is at an angle ß with respect to the tangent to the blade 

orbit at P . (See Sketch 2) The angle of attack is 

a = ß - X (Hi) 

From this relation and from Sketch 2, it is seen that the condition for 

ahead thrust is that ß be greater than y . The angle ß is called the 

blade angle and its variation with respect to 6 is called the blade motion. 

If the blade chord is small, the terms involving the rate of cbono?» of ß 

with respect to time may be neglected. 

Lift will be developed on the blade due to the angle of attack. This 

lift, force, L , is directed perpendicularly to the relative velocity, w , 

as shown in Sketch 2. Parallel to w there is a drag force F . The 
, " d 

angle * is defined as 

€ (15) 

From airfoil theory for an unstalled airfoil section of unit span, 

the following relationship is obtained: 

L - Ao d § G , (16) 

where p is the density of the fluid, C is the chord length of the sec¬ 

tion, and Aq is the slope of the curve of the lift versus angle of attack. 

The lift and drag force combine to give the resultant, N , of the 

hydrodynamic forces acting on the blade. (See Sketch 2) This force, N , 

may be resolved into its x and y components. T is the useful thrust 

acting in the ahead direction. The T components of all the blades will 



nMrljr c*r*r*l met otter, roovltir^ in • mm 11 ooollUtory fore« («boat titrte 

porcont of tte thrust of tho propollor) In tte »tteattahlp« dlroctlan. Tho 

resultont foro* on tho ciodo, N , ruj «loo be rosclrol into radial ate tan* 

gentlal consonants, FR and , rospoctireljr. 7ne torque 

which must bo delirered to the blade in order to maintain a constant tangen¬ 

tial speed. 

F^R is that 

FORCE ANO VELOCITY DIAGRAM 

One obtains the following relationships from Sketch 2| 

N L 
CCS € 

(17) 

T - K cos (e + y ♦ « - i) - 
A a sin (0 ♦ y ) 

--^-I c) 

A a sin (/■»■<) 
■ N sin ( y + € ) » — 

cos € (£ w2 C) 

(18) 

(I?) 

The propeller efficiency is defined as the ratio of the useful propeller 

thrust times tho speed of advance to the torque required times the angular 

speed of the propeller. F0r the blade in Sketch 2, considering only the 

rear half of the orbit (0< 0Í n), the blade efficiency is 
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ft 

Ifc ê=7 «•(**?*') *¡ 
w • - _ u 

dé 

f'T V d e n o 
eos f sin (r * •) —y 

u 

de 

7h. .n«l. of stuck, . , I. giv.n by Eq. ji( once th9 blide notlon m 

Is specified. The velocities Induced at the blade due to the bound and 

shed vorttclty of the other blades and the shed vorticity of the blade at 

r have been neglected. If Included the effect would be to change a . 

lhe lift curve slope *0 Is a constant characteristic of the airfoil In¬ 

volved. Once d is known, the drag-lift ratio c may be obtained from 

the airfoil characteristics. The angle of attack and the drag-Uft ratio 

are functions of 8 . Expanding the sine terms in Eq. 20, using Eq. 8 and 

9 and canceling A , one obtains 

°b "7* 

\f0 a [sin e ♦ (cos 6 - \) tan \2 - 
2X cos 0 d0 

^ a[\ sin 0 ♦ (1 - X cos 0) tan «J^/l ♦ X2 - 
2X cos 0 d0 

• (a) 
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rru< Cjrcloldâl ?Ud< Eotlon 

Py specifying différait blad® eotlona, sererel different types of 

cycloidal prop.lloro m., h. d.rlrwl. n, flrot bl.d. motion which will b. 

discussed to that d.v.lopod by Schneider2 and appUed to the first few Volth- 
Schneider propellers. 

let the blade angle, ß , be controlled so that the blade chord at P 

le always perpendicular to the Une SP where S Is a point on the y-.xls 

(normal to tho flow direction) at a distance r from the origin. (See 

Sketch 1) From the geometry, one obtains the following! 

where 

and 

a 
R - 21? cos 0 (22) 

sin ß = mUj 
£ 
R 

cos ß - 1 “ ^ cos 9 
a 
R 

(23) 

(2h) 

tan ß V sin 0 
1 - V cos 0 (25) 

Using the trigonometric indentity for a tangent of the sum of two angles, 

one obtains the following relation for angle of attack from Eq. 10, U* and 
25 J 

tan a - tan (ß - y) =_(^ - X) sin 0 

1 ♦’IX - (17 + X) cos 0 * (26) 

Prom Eq. 26 and from Sketch 1, it is evident that, for ahead thrust, v > X 

or r > rQ . This type of blade motion is known as true cycloidal blade 
motion. 

The magnitude of the total thrust may be increased by moving the 

point S radially outward. The direction of the total thrust may be 
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*rvlIv’i tj Rorlfwr ^ t© • clrci©k/#r©rït 1©1 !ir#ctio©« Tîi© poliît 3 !• 

c«n»d th* control r«lnt for thl* tjrp# of cjrcloldâl r«,OT,*ll*r» 

Th* pitch r*tlo of cycloidal prop*ll*r9 haring tru* cycloidal hlad* 

not lor 1* llnltod to about 0.62a du* to th* Urf* anifuUr accelerations In- 

Tolr*d ln th* blad* notion n*ar Ö ■ 0° . As a result, this tyv* of prof-e*- 

l*r cannot attain th* high efficiencies associated with propeller operation 

at high pitch ratios. Only the first few Voith-Schneider propellers used 

true cycloidal blade motion. This type of blade motion does, however, pre¬ 

sent a simple picture of the principles by which the thrust of a cycloidal 

propeller is controlled in magnitude and direction. 

Other blade motions do not have a single fixed control point as in 

the case of true blade motion. These motions are more easily described using 

the following procedure. Through the point 0 in Sketch 1, draw a line per¬ 

pendicular to the line ÕP . This line intersects the line SP at the point 

S' . The line OS' is denoted by r' . The line r' rotates with the line 

ÕP lagging it by 90°. From the right triangle OPS' , one obtains the re¬ 

lation: 

- tan ß . (27) 

Different blade motions may now be specified by the path traced by the point 

S' as r' rotates. This path is called the control path. The shape of 

the control path is specified for each blade motion by Eq. <7. For each 

type of blade motion, the magnitude of the total thrust is changed by in¬ 

creasing or decreasing r'/R at each 0 , and the direction of t.ie total 

thrust is controlled by displacing the control path in a circumferential 

direction without changing its shape. The pitch ratio in each case is still 

given by 

nr 
p - - n\ . (28) 
F R o 

The control point, S , is useful for true cycloidal blade motion only. The 

control path for true cycloidal blade motion is given by 

r1 y sin 6 
R 1 - ’J cos 0 * 

and the shapes of the control paths are shown in Fig. 2. 

(29) 
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Tfc« Kimt#n-Bo#ln* ppop«ll»r • bUd* notion wnlch 1* • opocUl 

typo of truo cycloidol bli*do notion, lor thio propollor »ho control point 

la aIwaya on the blade oi-blt and hence the pitch of the propeller la con¬ 

stant and equal to a . This propeller hs? so been called both a fixed 

pitch and a n-pltch cycloidal propeller. The control path ia given by Eq.. 

29, with V equal to cne. 

The Kirsten-Boeing propeller requires the use of doubly symmetric 

blade profiles which are disadvantageous, since they have poor lift-drag 

qualities when compared with airfoil profiles. Following a blade travel¬ 

ing along curve in Eig. 1, it is evident that, as a blade uaiises t.irough 

a cusp of its ordinary cycloidal path, the edge of profile which had been 

the leading edge in the previous cycle has become the trailing edge in the 

next cycle and vice versa. And since it is mechanically impossible for the 

blade to rotate instantaneously 180° at the cusp, the profile therefore 

must be doubly symmetric. 

Amplified Cycloidal Blade Motion 

With a small variation from true cycloidal blade motion the maximum 

obtainable pitch ratio for variable pitch cycloidal propellers can be in¬ 

creased. To obtain amplified cycloidal blade motion, the blade angle at 

each position 0 is multiplied by a constant k . The Control path for 

this type of motion is given by 

1 _sin o 
T~- V cos è 

(30) 

where rj is the pitch of the tiue cycloidal blade motion divided by n , on 

which the amplified motion is based. The pitch of the amplified motion is 

not equal to n but is greater than by an amount depending on k . 

The maximum obtainable pitch ratio of cycloidal propellers with 

amplified cycloidal blade motion at the present time is about 0.73n. This 

limit is due to acceleration stresses as in cycloidal propellers having true 

cycloidal motion. All of the Voith-Schneider propellers have used ampli¬ 

fied motion except the first 'ew which used true cycloidal blade motion. 

Sinusoidal Blade Motion 

The mechanisms used to produce the aforementioned motions have the 



d Im dran ta«* of aachanlcal conplaxltj. Sinusoidal blaJa notion car. ba pro* 

ducad *rlth a ccnparatIrely sinpla arrangeaient. The control path for this 

typa of motion is given by 

Y " tan (ßQ sin €) , (31) 

where ß is amplitude of the blade motion, and the blade angle varies si- 
o 

nusoidally with 0 • 

The efficiency of a cycloidal propeller with sinusoidal blade motion 

doer not compare favorably with other types. While it has been favorod for 

its simple, nagged construction, experience has indicated that more complex 

mechanical systems are no less dependable. 

Cycloidal propellers using curtate cycloidal motion have not been 

used in the marine field. The lifts on the blades of these propellers have 

large T components. The resulting increased blade loading increases 
y 

blade stresses and the danger of cavitation becomes more imminent. This 

type of motion may be good for very high speed craft. Hydrodynamically it 

has a great resemblance to the operation of a fish tail. 

Types of Installations 

Moat application of cycloidal propulsion have been to ships which, 

otherwise, are typical of their respective class of vessel. But, as may 

be expected, when a radically different component is applied to a device 

in a given circumstance, the device also will be changed somewhat. This is 

true of cycloidal propellers. Such a device is the Voith water tractor which 

is a tug boat fitted with cycloidal propulsion. (See Ref. 6) The propel¬ 

lers are fitted in the forward third of the ship length, and the tovdng bit 

ie usually all the way aft. Experience has shown that this arrangement 

given better maneuveratility under all circumstances than arrangements on 

conventional tugs- 

Table I on the following page gives a description of all installa¬ 

tions produced by the Pacific Car and Foundry Company, Renton, Washington. 

Table II gives a description of several representative installations pro¬ 

duced by the J.M. Voith Company, Heidenheim (Brenz) and Bremen, Germany. 



TABU I 

INSTALLATIONS PRCDOCED 8T PACIFIC CAR AMD FOUNDRY COMM NT 

Ship Typ* 
No. of 

Props, 

Horsepower 

(U.S.) Per 

Propeller 

Owner 

MTL-951 

lsm-1*58 

MPL-2336 

Northampton 

PT-8 

LTI-219Í* 

l*2-ft. Tug 

Landing Ship 

l*0-ft. Push 

Boat 

Ferry 

Exptl. PT 

Boat 

Towboat 

2 

2 

1 

1 

2 

2 

70 

1600 

135 

900(steering prop.) 

1500 

1000 

U.S. Army 

Trans. Corps 

U.S. Navy 

U.S. Amy 

Trans, Corps 

Virginia 

farry Corps 

U.S. Navy 

U.S. Army 

Trans. Corps. 

Tear 

tabu; n 

TIPI CAL INSTALLAnONS BT J.M. VOI1H COMPANY 

Type 
lo. of 

Propa. 

Horaepower 

(Metric) 

Nationality 

of Owner 

Leng th * Beam-Draft 

(feet-inchea) 

19L2 

1953 

1955 

1956 

1957 

1957 

1957 

1957 

1957 

1958 

1958 

1958 

Mine sweeper 2 900 

Sea»going airplane 2 2200 

salvage ship 

Trawler 2 600 

Bow steering propeller 1 1000 

for train ferry 

Self propelled barge ¿ 220 

Double ended vehicle 2 385 

ferry 

Water tractors 2 1*20 

Bow steering prop, for 1 70 

grabend section dredge 

Water tractor 1 750 

1 180 
Bow steering propeller 

for tanker 

SM boat 2 2000 

Double ended ferry 2 100 

German 

French 

German 

German 

Belgium 

Japanese 

German 

New Zealand 

German 

Canada 

German 

German 

122 X 19 X l*-8 

215 X 3l*-10 X 8-6 

201* X 32-10 X 13 

M¡< 4o-.cr - tcí_ç 

220 X 27 X 8-3 

155 X 31* X 6-6 

75 X 20-L X 9-6 

200 X 1*0 X 11-6 

75 X 20-6 X 9-10 

160 X 31* X 12 

11*1 X 22 X 6-5 

78 X 31-6 X 1* 
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snr^y cf uTKJu nut: m tmnoüTkAvus or crcuonuL propellers 

The klnenetlc* of the blade notion and Ideal floe associated with a 

cycloidal propeller haring true cycloidal blade notion hare been studied in¬ 

tensively. Both Kirsten1 and Schneider2 have presented papers in which the 

fundamentals cf such propellers are discussed. In these papers the relative 

motion between the blade and fluid is derived neglecting all induced veloc¬ 

ities . Schneider's paper contains an elaborate geometric development of 

the blade motion and of the flow relative to the blade for a wide variety of 

conditions which may be realized with a propeller having true cycloidal blade 

motion. Since aspect ratio, unsteady flow and blade interactions play an im¬ 

portant role in the theory of cycloidal propulsion, these papers are only of 
academic interest. 

The first attempt to extend the theoretical investigations to include 

inducod velocity effects was made in 1931 by Krietner7. No explicit theore¬ 

tical results were given, but he discussed the effects of a downwash at each 

b.ade equal to one-half of the ultimate wake velocity which is obtained from 

t.ie application of the momentum th-ory. Krietner indicated that the results 

of his investigation were valuable in showing trends due to changes in the 

propeller characteristics. Ihis approach attempts ^o correct Kirsten's and 

Schneider's ideal, two-dimensional results for aspect ratio or induced down- 

wash velocity. Krietner's method is inaccurate since, first of all. it is 

based on an assumed ultimate wake velocity distribution and, secondly, oecause 

the downwash velocity distribution around the orbit is assumed to be one-half 

of the assumed wake velocity distribution. These assumptions are hard to be¬ 

lieve without experimental varification in view of the complicated structure 
of a wake. 

Krietner also discussed several theoretical investigations which were 

performed. The effect of blade camber was investigated using the empirical 

results of a series of tests on airfoils performed at Goettingen. He re¬ 

ports that a small camber results in highest efficiencies and that minor 

changes in camber have a disastrous effect on thrust and efficiency, but no 

numbers are given. Krietner also investigated optimum blade motion, and 

found that true cycloidal blade motion was cl to being the optimum cycle 

of those studied. This result is logically explained by the fact that the 

maximum thrust occurs at the same position in the blade orbit as does the 

maximum value of instantaneous blade efficiency. Again no numerical results 
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or co*ip*rl»ofiâ arm gif n, nor arm if* tnroaiigatod bUdo notion» d««cr1b*d. 

It addition, Irlotnor pr«8*nt«d aororal empirical corroa doacrlbln^r 

tha oparailonal cnaractarlatlcs of a Volth-Schnalder propallar, and confia rad 

tha affadira horsapowers of two comparable designs of a paaaenffer ship, ona 

of which was designed for screw propulsion and the other for a Volth-Schr»eider 

propeller. The results show an eight percent to 15 percent lower effective 

horsepower for the Voith-Schneider propelled cesign. 
ß 

Just° in 1939 continued the theoretical development of cycloidal pro¬ 

pellers with an attempt to include unsteady effects. Momentum theory is ap¬ 

plied to an actuator cylinder in two dimensions, i.e., to a cylinder whose 

axis is perpendicular to the flow direction and which has the property of 

radially accelerating the fluid which passes through its surface. An ex¬ 

pression for thrust is presented as a result of this approach. The effi¬ 

ciencies, as derived by Just for this actuator cylinder, lead to erroneous 

conclusions since they were based on the projected area of the cylinder. If 

these efficiencies had been based on the peripheral area (2nRL) of the 

cylinder, then a valid comparison with actuator disc theory could have been 

made. The assumptions made by Just in setting up the mathematical model for 

the momentum analysis are not clearly described. 

8 
Just then applied an unsteady aerodynamic theory of Olauert to a 

cycloidal propeller. Velocities induced by tip vortices were also included. 

It is stated that the results are in good agreement with experiments. This 

approach is open to doubt on several counts. The interaction between the 

bound vortex at each blade was not included. Secondly, it was assumed that, 

the angle of attack varies sinusoidally. This assumption is not true of the 

type of propeller to which Just compared his results. In applying unsteady 

aerodynamic theory and in Just's representation of the tip vortices, it is 

assumed that the blade travels In a straight line. Looking at curve "A" of 

Fig. 1, it is seen that this is not true, especially at the small loop in 

the path where, in fact, the lift is relatively large. 

By far the most complete theoretical treatment of cycloidal propellers 
9 10 is given in two papera by Issay * . The method presented ^n these napors, 

although cumbersome, gives the propeller thrust, torque and efficiency, all 

of which *gree with experiment within 10 percent to 20 percent. Several nu¬ 

merical examples are worked out to illustrate the method of calculation 



*ppll«d to • «Ix-bLftdod propollor. Ono oxanplo is workod out for » four* 

blodod propollor oo troll. Thlo oothod, hotroror, t roa to only tho tuo-dl««r- 

slonal probier». *8p*ct rollo and wake contraction offocts would account for 

a largo port of tho aboro indicated discrepancy between Issay's theory and 

experimental results. Issay begins by expressing the velocities induced at 

an arbitrary point by: the motion of the blade axis through the fluid (kine¬ 

matic velocities), the bound circulation existing on each blade (bound vor* 

ticity and blade interactions), and the vorticity continuously shed in the 

wake of each blade (unsteady effect). An integral equation involving a dou¬ 

ble integral is derived from the boundary condition. The equation involves 

the unknown vorticity distribution, which is a cyclic function of time, on 

any blade. A solution is obtained by an iteration procedure. Knowing the 

two-dimensional circulation distribution, the thrust, moment and efficiency 

can be determined. In this method it is assumed that the propeller is ope¬ 

rating at a negligibly small advance ratio. Issay indicates that this as¬ 

sumption is good up to an advance ratio of 0.5» Issay^ shows that the in¬ 

clusion of advance ratio in this method, leads to physically unrealistic 

results. Due to the induced velocities, Issay shows in his numerical ex¬ 

amples that it is necessary to rotate the control path through an angle of 

about five degrees in order to have thrust directly ahead. As a result of 

this, there is a decrease in efficiency of about five percent. 
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SJta/ VERSUS CTCLOIDAL PHüPüLSIdí 

The meat outet ending edvantage of ships equipped with cycloidal pro¬ 

pellers, as compared with screw propulsion. Is their maneuverability. When 

operating ata load coefficient equal to one, an athwartships force of over 

three times the ahead thrust can be developed at the same rpm. At a load 

coefficient equal to one-half, the available steering force is six times the 

ahead thrust at the same rpm. At low speeds tne ratio of steering force to 

ahead thrust is equal to one. A cycloidal propeller can develop a steering 

force of from two to three times the ahead thrust at the same power under 

most operating conditions. As a result, a ship equipped with cycloidal pro¬ 

pulsion is more easily controlled during any ship maneuver. 

The range of pitch settings of a variable pitch screw propeller is 

-0.60 to +1.20. For a cycloidal propeller with amplified cycloidal blade 

motion the range of pitch is -2.30 to +2.30. The range for ahead thrust 

with a cycloidal propeller is nearly twice that of a variable pitch screw 

propeller. Thus, a cycloidal propeller provides a means of realizing the 

optimum combination of torque, pitch ratio and engine rpm over a wider range 

of load conditions than does a screw propeller. If a large variety of load 

conditions is anticipated, then cycloidal propulsion may prove to be more 

economical in fuel consumption than screw propulsion. The resistance of a 

ship with appendages such as rudders, struts, and bossings exceeds the bare 

hull resistance by three to 15 percent. By using a cycloidal propeller the 

need for these appendages is eliminated, and hence another saving in fuel 

consumption is accomplished. 

When the propeller dimensions for a particular design are chosen on 

the basis of severe draft limitations, a cycloidal propeller with a greater 

projected area then that of a screw propeller can be used. For instance, 

suppose that, due to the araft limitations, the largest screw propeller dia¬ 

meter usable is Dg. Its projected area is (n/h)Ds2 . In the same design 

situation, the blade length for a cycloidal propeller would be limited to 

Dg . The orbit diameter of a cycloidal propeller is between 1.5 and two 

times the blade length. Its projected area would be at least 1.5(02 ) or 

1«91 times the projected area of the screw propeller. The efficiency of 

both propellers increases with decreasing load coefficient for the same 

thrust, and hence a higher efficiency results. (See Fig. 3) A cycloidal 
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pr©f/«]l*r, th*r*for», "r+nfa clonar to Ha Maxi*!» •fficienoy than « scr«w 

propel lor under these conditions* With thtr larger area, the danger of carl— 

tation la also reduced in the case of cycloidal propellers. 

Fipiire 1 shows a comparison of the propeller efficiency of a cycloidal 

propeller having amplified cycloidal blade motion and that of the Troost 

Bb.ÇÇ screw propeller series. The efficiency of the cycloidal propeller 

with rotor A linkage was obtained from Fig. 10 of Kingsley11. In Kingsley's 

figure the cycloidal propeller efficiency obtained under operating condi¬ 

tions is plotted against load coefficient based on the projected area. The 

efficiency of the Troost Bk.55 propeller was obtained from Kt , K , J 

curves presented by Van Lammeren, Troost and Koning12. Parabolas of con- 

stant K /J were constructed on the Eli.55, K - J graph, and the max- 
tp 

imum propeller efficiency at each value of K /J is plotted here in Fig. 3. 

When compared in this manner the efficiency of cycloidal propellers with & 

rotor \ linkage is in the range 0.U5 to 0.58 as compared to 0.66 to 0.76 for 

screw propellers. 

Summarizing for a vessel requiring good maneuverability or large con¬ 

trol forces, a cycloidal propeller will give much better results than a con¬ 

ventional screw propeller. For designs in which the propeller dimensions 

are limited, the propeller efficiencies of screw propellers and the pre¬ 

sently used cycloidal propellers may be comparable. A decrease in fuel con¬ 

sumption may be realized by using cycloidal propulsion in lieu of screw pro¬ 

pulsion if a vessel operates under a wide range of load conditions. The 

propeller efficiency of a cycloidal propeller is about 20 percentage points 

less than that of a screw propeller vhen compared at equivalent values of 

load coefficient. 



KfcSEARCH M&DED 

In ounreylng current li Un «Lure on cycioiaai propellers, a mathemati¬ 

cal model of a cycloidal propeller developed by IasayC*10 iS described. As 

stated previously, Issay indicates that the results from his theory agree 

within 20 percent with experimental data. In order to derive more accurate 

results, a more realistic theoretical model should be developed. The hydro¬ 

dynamics of cycloidal propulsion are not sufficiently well known so that such 

a model may be established. In particular, the following topics require fur¬ 

ther investigations 

Kramer'S Effect«. It is known that the stall angle of a 
1 oil section changes with, rotational velocity about a 

spanwise axis. (See Fung ) A cycloidal propeller blade 

experiences periodic changes in rotational velocity of 
this sort. As a result, the stall angle of the blade 

is changed. Experiments by the J.M. Voith Compary indicate 

that the thrust of a cycloidal propeller is not reduced 

by the detrimental effects of stalling of its blade even 

when high angles of attack are involved. Research is 

needed to determine the effect of an angle of attack os- 
cillation on the stall angle of a section and whether or 
not a cycloidal propeller could take advantage of this 
effect. 

2. 1raveralng a Wake. According to Issay's10 theory, when 

a blade passes through a vortex sheet induced by that 
blade or any otter blade, a reversal of thrust occurs. 

This result does not agree with the experimentally ob¬ 

served variation of the thrust on a blau, of a cycloidal 

propeller, tesearch is needed to determine the effect 
on a blade as it passes through a vortex sheet. 

3» Vake Contraction. The contraction of the slipstream of 

an open water screw propeller is axially symmetric. Ex¬ 

periments indicate that the contraction of the wake of 

a cycloidal propeller in the spanwise direction of the 

blades is considerable, while that in an athwarts'iips 

direction is small. In fact, the tip vortex from a 

blade in the front half of the orbit may pass through 

the midspan of a blade in the rear half of the orbit. 

Research is needed to determine the amount of wake con¬ 

traction at various loads and its effect on the thrust 
and efficiency of the propeller. 

There are several areas in which further reouarch may indicate a 

means of improving the efficiency of cycloidal propellers. These are 



Blade Motion. Anpllfl#d, true and sinusoidal blade notions 
have Leen used in all previous applications and are pre- 

sen* .y ’;sed *n all installations ol’ cycloidal propellers 

because of the relatively simple mechanical systems need¬ 
ed to produce these motions. However, if the blades were 

positioned by a mechanism which had no such limitations, 

i.e., hydraulic or electric control, then it is possible 
to produce a great variety of blade motions. With this 

possibility arises two questions: What is the optimum 
blade motion? How much of an increase in efficiency can 

be obtained by using an optimal blade motion? It is sug¬ 
gested that an experimental program of a fairly simple 

nature bo carried out to find how much of an Improvement 

in efficiency, if any, can be expected with an optimal 

blade motion. If this program indicates that a substan¬ 

tial improvement can be obtained, then combined theoreti¬ 

cal and experimental research should be performed to deter¬ 

mine the optimum blade motion under operating conditions. 

fA rather elementary investigation performed by the author 

indicates that improvements in efficiency over that of 
true cycloidal blade motion can be obtained by using one 

of the following blade motions: a motion such that the 

angle of attack of the blade is constant and equal to the 

angle of attack for minimum drag-lift ratio, or a motion 
such that 100 percent of the thrust is produced at the 

points of the orbit where the lift on the blade is direct¬ 
ed straight ahead.) 

Wake Adaption. In screw propulsion, it is known that the 
efficiency of a propeller will be improved if the pitch 

of each bla e section is adapted to a radial variation 

in the inflow velocity. Similarly, with cycloidal pro¬ 

pulsion, an increase in efficiency can be expected if the 

pitch of each blade section is adapted to an inflow veloci¬ 

ty which varies along the axis of revolution of the pro¬ 

peller. If the blade axes are tilted such that, as the 

propeller revolves, the axes generate a conical surface 

whose vertex is at some point above the propeller, then 

the zero slip inflow velocity of each blade section along 

the span of the blades will increase linearly from the 

root of the blade to its tip. For an optimum propeller- 

ship combination, a flat stern is considered best. As a 

result, the inflow velocity varies from zero to free stream 

velocity along a line normal to the ship's bottom, but 
very little in a direction parallel to the bottom. (It 

should be noted that, in screw propulsion, there is a 

large circumferential variation in the inflow velocity 
which cannot be accommodated by a wake-adapted screw pro¬ 

peller whereas there is much less variation in inflow 

velocity along a circumferential path in a cycloidal pro¬ 
peller design.) Research is needed to determine if suf¬ 
ficiently large increases in efficiency can be obtained 
by employing a wake-adapted cycloidal propeller to war¬ 
rant Its use in spite of any additional costs. 
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