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ABSTRACT 
The use of optimum conditions obtained by V.M. 
Ivchenko in propeller engineering was implemented by 
V.G. Mishkevich in 1975. It should be noted that V.M. 
Ivchenko used a highly simplified mathematical model of 
the current, e.g. the current of viscosity fluid behind the 
hull and propeller was assumed to be cylindrical, i.e. the 
actual wake diffusion was disregarded. This resulted, in 
particular, in the introduction of the not real value of “the 
friction wake factor in infinite after complex” and related 
problems of its experimental or theoretical determination 
in engineering calculations. 
In this work optimum conditions were derived with use of 
a more adequate mathematical model of the flow. The 
derived optimum conditions are similar to those obtained 
by V.M. Ivchenko, however, in contrast to the last one, do 
not contain any values which cannot be produced directly 
by calculation of viscosity fluid turbulent flow. 
The produced optimal condition consisting in the 
constancy of relative velocity in the cross section of the 
hydrodynamic wake far behind the hull-propulsor 
complex moving uniformly and linearly in incompressible 
infinite viscosity fluid are the necessary and sufficient 
condition of minimum power supply to the propulsor. 
Some examples of calculation is given. 
Keywords 
Hull and propeller complex, hydrodynamic wake, optimal 
condition, viscosity fluid. 
1 INTRODUCTION 
This problem was studied in works by V.M. Ivchenko in 
1962 and 1963 (Ivchenko 1962), (Ivchenko 1963). As the 
author points out in his work (Ivchenko 1963), this task 
was formulated for him by Professor V.M. Lavrentyev. 
The use of optimum conditions obtained by V.M. 
Ivchenko in propeller engineering was implemented by 
V.G. Mishkevich later (Mishkevich 1975), (Mishkevich 
1985). It should be noted that V.M. Ivchenko used a 
highly simplified simulation of the current, e.g. the 
current of viscosity fluid behind the hull and propeller 
was assumed to be cylindrical, i.e. the actual wake 
diffusion was disregarded. This resulted, in particular, in 
the introduction of the not real value of “the friction wake 

factor in infinite after complex” and related problems of 
its experimental or theoretical determination in 
engineering calculations. Below the term “complex” is 
used as equivalent of the term “system” (hull and 
propulsor). 
Recent software developments for calculation of turbulent 
fluid flows provided the possibility in principle for 
elaboration of the values of the abovementioned “the 
friction wake factor in infinite after complex” type. 
However, such calculations proved to be impossible 
without taking into account diffusion of the wake which, 
at post-complex infinity will tend to infinite amplification. 
In this work optimum conditions were derived with use of 
a more adequate mathematical model of the flow. The 
derived optimum condition are similar to those obtained 
by V.M. Ivchenko, however, in contrast to the last one, do 
not contain any values which cannot be produced directly 
by calculation of viscosity fluid turbulent flow. Primarily 
these optimum condition do not involve the “the friction 
wake factor in infinite after complex”, nor do they involve 
the notion of propulsor induced velocities which cannot 
be directly distinguished from physically measurable 
summary relative velocity in the wake behind the 
complex.  
Unfortunately in this paper is not include the transition 
method from the derived optimal condition which use far 
behind the hull-propulsor complex relative velocity to the 
optimal condition which use on actuator disk flow 
parameters. But the theoretical consideration 
demonstrates that optimal condition which use on actuator 
disk flow parameters do not consist in the constancy of 
pressure jump on the actuator disk. 
Really the obtained in this paper optimal condition 
corresponds to the hull-propulsor  propulsive coefficient 
maximum. It is distinguish from the known optimal 
condition (Achkinadze 1985, Achkinadze 1989) which 
uses near propulsor flow pameters and which corresponds 
the propulsor efficiency maximum. In this case it is need 
to set the Taylor wake fraction and the thrust deduction 
factor which is not variation. Obtained in this paper 
optimal condition does not take into account the flow 
rotation.  



2 BASIC ASSUMPTIONS AND REPRESENTATIONS 
An ideal propulsor operating in viscosity fluid is a 
mathematical model of an arbitrary real propulsor which 
takes into account only two types of mechanical energy 
losses arising on the finite sized hull-propulsor complex 
during their linear and uniform motion in infinite 
imponderable incompressible viscosity fluid. The 
abovementioned two types of losses consist, primarily, of 
losses on overcoming hull motion resistance, and, 
secondly, of losses on axial induced velocities occurring 
far behind the complex within the propulsor wake and 
hydrodynamic wake forming behind the complex. These 
losses are related to the physical process of turbulent 
hydrodynamic wake formation behind the hull-propulsor 
complex and are characterized by modification of the 
field of axial velocities far behind the complex, i.e. fluid 
velocities directed mainly against the motion.  
The nature of the model in question consists in the 
assumption that complex effective thrust and power 
consumption are totally determined by the field of axial 
velocities in the cross section of hydrodynamic wake 
forming behind the complex, i.e. within the limited 
surface WF  located across the direction of the motion, yet 
at a finite distance, behind the complex under 
consideration. Further the concept of hydrodynamic wake 
forming behind the complex also includes the propulsor 
wake, since at a sufficiently large distance behind the 
complex it is objectively impossible to differentiate the 
propulsor wake from the hydrodynamic wake. Transition 
of mechanical energy into heat, i.e. mechanical energy 
dissipation process, is not taken into consideration in this 
case.  
 
 
 
 
 
 
 
 
 

Figure 1 Flow scheme 

Thus the mathematical model under consideration (Fig. 1) 
has the following parameters: 

zyxO ,,,  - moving right-handed fixed rectangular 
coordinate system, connected with propulsor disk, and 
with x  axis directed against the direction of the uniform 
linear motion of the complex; 
HDW – hydrodynamic wake which is assumed to be 
turbulent and forms behind the hull-propulsor complex 
under consideration from the viscosity wake behind the 
hull and wake behind the operating propulsor; 

WFS U - reference closed surface consisting of two parts: 
spherical S  and flat WF , closing the sphere with a flat 
disk coinciding with HDW cross section; 
S - reference surface part consisting of surface-truncated 
large radius r sphere with center in the propulsor disk 
center, sphere truncation performed by x lateral plane, so 
that WFS U  test closed surface represents a continuous 
surface with flat circular bottom with )( 22

Fxr −  radius, 
which is assumed to be coinciding with WF  cross section 
of HDW (integration by S  and WF  containing closed 
surface will be designated as integration by WFS U  
reference closed surface with dS  differential element, 
and for only WF  integration dS  and WdF  equivalent 
differential elements will be used); 

WF - x  normal plane cross section of the hydrodynamic 
wake far behind the system (located at a large positive 

Fx  value and fixed with reference to zyxO ,,,  
coordinates); 

0U - absolute value of the velocity of the uniform linear 
motion of the system in the direction of the negative x  
axis (transport velocity in the datum point of zyxO ,,,  
moving coordinate system); 
wr - time-averaged absolute velocity, i.e. time-averaged 
velocity of fluid particles measured against the fixed 
(absolute) coordinate system in which the fluid at forward 
infinity is at rest. 
ur  - time-averaged relative velocity, i.e. time-averaged 
velocity of fluid particles measured against zyxO ,,,  
moving coordinate system related to hull-propulsor 
complex; 

Wu - axial ( x -axial) component of time-averaged relative 
velocity ur  for WF  region points; 
p - fluid pressure, time-averaged; 

0p - pressure at infinity, i.e. far ahead of the system, more 
precisely when −∞→x ; 

Wp - pressure for WF  region points, time-averaged; 
F
r

- resultant vector of forces with effect on fluid mass 
limited by WFS U  reference surface; 
R
r

- hull resistance force vector exclusive net of propulsor 
presence (“bare” hull resistance); 
R - axial ( x -axial) component of hull resistance force 
vector net of propulsor presence; 

ET
r

- propulsor pull force vector in modulo equal to 
propulsive thrust less suction force ; 

ET - absolute value axial ( x -axial) component of 
propulsor effective thrust vector;  

Σ
ET
r

- “draw on the hook” vector, i.e. summary force 
applied at the hull-propulsor complex under consideration 
from viscosity fluid side (propulsor effective thrust vector 

ET
r

 plus hull resistance vector R
r

; or EEX TRT −=Σ  in 
scalar form), it is assumed that “draw on the hook” is 
compensated by a force external with reference to the 
complex under consideration, so that the conditions of 
uniform and linear motion are not violated even in the 
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event of non-zero “draw on the hook” value; it is known 
that for a standard isolated propelled object with uniform 
and linear motion “draw on the hook” is equal to zero; 

Σ
EXT - axial ( x -axial) component of “draw on the hook” 

vector; 

DP - external capacity supply to propeller; 

Dη - propulsive coefficient; 

Dη - generalized propulsive coefficient for case when 
0≠−=Σ

EEX TRT ; 
nr - external to under consideration fluid volume normal 
to reference surface WFS U ; 
dS - reference surface element equivalent to WdF  
element on WF  surface. 
ρ  - density of incompressible fluid under consideration; 
With regard to the flow under consideration the following 
assumptions have been made: 
Complex motion began an infinitely time ago and the 
focus is on the relative motion of fluid in zyxO ,,,  
moving coordinates. The motion under consideration can 
be regarded as stationary, i.e. time independent. 
We assume that the fluid is incompressible, viscous, 
infinite, weightless and that at infinity behind the system 
an HDW with specific WF  cross section and containing 
relative velocities of solely XW uu =  axial direction, i.e. 

0== ZY uu  on WF . Besides, the pressure in HDW cross 
section far ahead of propulsor disk (on WF ) Wp  is 
constant and is just slightly different from the pressure far 
ahead of the system. 
We shall review the absolute motion of fluid, i.e. abstract 
velocities field wr  measured in the absolute coordinate 
system for which the fluid at infinite forward distance is 
at rest. For S  surface points beyond HDW, i.e. beyond 

WF , the condition below is valid: 
2/1 rw ≈r  when ∞→r   (1) 

This condition differs from the one applied by Schlichting 
(Schlichting 1969) in determination of ''bare'' hull 
resistance via the impulse theorem when the power at r  
equals minus 3, and such difference is related to study of 
the system which, besides the hull, has an operating 
propulsor, which, according to (Lavrentyev 1961), 
(Kopeetsky 1960), in remote field is equal to gutter disk. 
This circumstance requires that further, subject to 
application of the impulse theorem, the difference of 
pressure p  in a portion of reference surface S  from the 
pressure at infinity 0p  should be taken into account. 
Absolute motion velocity field wr  is related to relative 
motion velocity field through the universally accepted 
formula (Kochin et al 1963) 

iUuw
rrr

0−= ;                                 (2) 

where i
r

 is the basis vector of x  axis. 
Since the system under consideration is finite sized, the 
fluid outside the displacement body and hydrodynamic 

wake (see Fig. 1) nearly uniform (due to the fact that prior 
to the beginning of the motion under consideration the 
fluid was at rest in the absolute coordinate system), and 
therefore viscosity can be disregarded. Then to a part of 
the reference surface S  Bernoulli equation (Kopeetsky 
1960), (Kochin et al 1963) takes place and it may be 
recorded in the moving zyxO ,,,  coordinate system using 
the absolute motion velocity vector wr , i.e. 

0
2

0 2/ Uiwwpp
rrr ρ−ρ−=                       (3) 

Note. Equation (3), taking into account (2), is equivalent 
to standard Bernoulli equation recorded with relative 
motion velocity vector ur , which is correct for the 
stationary flow under consideration where viscosity flows 
can be disregarded pursuant to the general assumption, 
i.e. beyond the area of the friction layer and 
hydrodynamic wake. 
The principle of conservation of incompressible fluid 
mass in a volume limited by closed reference surface 

WFS U  takes the following form: 

0=∫
WFS

dSnu
U

rr                               (4) 

Obviously the third Newton's law results in 
Σ

ET
r

= - F
r

;                                     (5) 
3 IMPULSE THEOREM APPLICATION 
The application of the impulse theorem (Lavrentyev 
1961), (Kopeetsky 1960) to the fluid flow under 
consideration limited by the reference surface WFS U , 
taking into account the stationary field of the relative 
velocity, results for the ''draw on the hood'', i.e. force 
applied to the complex under consideration on the side of 
the fluid within the reference surface WFS U , in the 
following source formula  

dSuunpT n
FS

E
W

)( rrr

U

ρ+−= ∫Σ                     (6) 

where nu - normal relative velocity component for the 
closed reference surface WFS U . 
By insertion into (6) of correlations (2), (3) after 
transformation (Achkinadze 2008) the following can be 
derived 

∫ −ρ=Σ

WF
WWWEX dFuUuT )( 0

r
                    (7) 

This formula for the case of determination of ''bare hull'' 
resistance R  coincides with formula (25.1) in page 701 
from Schlichting' s monograph (Schlichting 1969), though 
integration in (7) is performed on items already located at 
a finitesimal distance from the hull and therefore on a 
limited cross section area of the hydrodynamic wake far 
behind the system WF . 
This formula for the case of determination of the effective 
thrust of the ideal propulsor ET  in non-viscous fluid, 
when ''bare hull'' resistance R  is zero, up to sign 
coincides with formula (3.10) in page 10 of the article by 
Lavrentyev (Lavrentyev 1961), noting that in this article 



that the axial inflow velocity for points WF  is designated 
as aw , while, according to the designations used in this 
work, see in particular (2), 

0Uuww WXWa −==                              (8) 
In this article integration is performed on the cross section 
of the propulsor flow at infinity behind the complex, 
which is possible since in non-viscous fluid due to lack of 
turbulence agitation propulsor flow has a finite cross 
section up to infinity. Pull sign in the resulting formula 
(7) is negative for positive values of axial velocity XWw , 
which corresponds to the coordinate system determined 
above and is contrary to the convention of signs adopted 
in the cited article. Some details was discussed in papers 
(Achkinadze 2003), (Achkinadze 2008). 
4 APPLICATION OF MECHANICAL POWER 
CONSERVATION PRINCIPLE 
Every single second through the reference surface under 
consideration WFS U  kinetic and potential energy is 
transmitted, and its value must equal the energy 
transmitted every single second the body of fluid limited 
by the reference surface under consideration, in the 
process of hull resistance generation and in the process of 
external mechanical power supply to the propulsor. The 
details of power transmission mechanism are omitted 
since only its balance formulated above matters. In the 
process of propulsor effective thrust ET  generation (if 

Σ
0EXT

r
 equal zero hull resistance equal effective thrust, i.e. 

ETR = ) the body of fluid concerned every single moment 
loses mechanical power equal to 0UTE . Simultaneously 
to the propulsor and, accordingly, to the fluid body 
concerned, through the propulsor every single second 
mechanical power equal to DP  is supplied which must 
primarily suppress the given value 0UTE  and, in addition 
to this, restore the balance of mechanical energy supplied 
and lost through the reference surface WFS U . Thus, for 
viscosity fluid mechanical power balance can be recorded 
by the formula below 

dSuupuUTP n
FS

nED
W

)5.0( 2
0

r

U

ρ+=− ∫           (9) 

By insertion into (9) of correlations (2) and (3) after 
transformation the following formula can be derived 

∫ −ρ+=
WF

WWWED dFUuuUTP )(5.0 2
0

2
0           (10) 

Second item of this formula coincides with the existing 
Schlichting's formula in p. 152 (Schlichting 1969) for 
power losses in the specific case of flat viscosity flow of 
the streamline solid body. 
Second item of this formula for determination of ideal 
propulsor power consumption DP  in non-viscous fluid 
when ''bare hull'' resistance R  equals zero (therefore first 
item in this formula disappear) coincides with formula 
(3.14) in p. 12 from Lavrentyev's article (Lavrentyev 

1961), keeping in mind that in this article that in this 
article axial inflow velocity for points WF  is designated 
as aw , while according to the designations used in this 
work, see in particular (2),  

0Uuww WXWa −==                      (11) 
In this article integration is performed on the cross section 
of the propulsor flow at infinity behind the system, which 
is possible since in non-viscous fluid due to lack of 
turbulence agitation propulsor flow has a finite cross 
section up to infinity. 
5 NECESSARY OPTIMAL CONDITIONS 
The unknown optimal conditions are the analytical 
formula for such distribution Wu  on the cross section of 
the hydrodynamic wake WF , which is necessary for 
obtaining the minimum of power supply to the propulsor 
( DPmin ) at the predetermined value of draw on the hook 

Σ
0EXT

r
 and predetermined WE FTorRU ,,, 0ρ . Related 

assumption: 0>ρ , 00 ≥U , 00 ≥≥ ETorR , ⊄WF ∅. 

Note. Hull resistance R  or useful power 0UTE  
consumed by the propulsor for compensation of power 
losses occurring in the process of propulsor effective 
thrust ET  generation are regarded as predetermined since 
hull geometry and uniform linear velocity 0U  are 
assumed to be invariable in the process of solution of the 
formulated variational problem. 
Mathematically we deal with an isoperimetrical 
variational problem, i.e. 
Finding the distribution Wu  on WF  as the prerequisite 
minimum integral condition 

∫ −ρ+=
WF

WWWED dFUuuUTP )(5.0 2
0

2
0   (12) 

at the given integral value 

∫ −ρ=Σ

WF
WWWEX dFuUuT )( 0

r
                   (13) 

and predetermined WE FTU ,,, 0ρ . The integral written 
down correspond to those produced above (10) and (7). 
The necessary optimal conditions for this degenerated 
isoperimetrical problem of variational computation 
consist in simultaneous equanimity to zero of the first 
variations from power supply to the propulsor DP  and 
from draw on the hook Σ

EXT
r

, i.e. 
0)( =δ DP                                      (14) 

 
0)( =δ Σ

EXT
r

                                    (15) 
Note: Moreover, the problem concerned is degenerated 
(since no vanishing on the integration boundary area is 
required from the unknown function) and, therefore, 
instead of the incorrect application of Euler-Lagrange 
equation for its solution the consequence Du Bois-
Reymond lemma from classical variational computation 



(Courant et al 1951) (see p. 177, vol. 1) should be used, 
which consists in the following: 
If )(xϕ  is a specific piece continuous function in [ 10, xx ] 
interval and if congruence 

∫ ηϕ
1

0

)()(
x

x

dxxx =0                                  (16) 

is true in [ 10, xx ] interval for the arbitrary piece 
continuous function )(xη  meeting the condition 

∫η
1

0

)(
x

x

dxx =0,                                 (17) 

then 
)(xϕ = const. in [ 10, xx ]                      (18) 

We shall apply the formulated lemma to the variational 
problem concerned. By insertion into (14) and (15) of the 
respective formulas from (12) and (13) and performance 
of first variation drawing operation (and reduction by 
0.5ρ  and ρ  respectively), we can find out 

0)3( 2
0

3 =δ−∫ WW
F

W dFuUu
W

                     (19) 

0)2( 0 =δ−∫ WWW
F

dFuuU
W

                     (20) 

It will be remembered that these congruencies must be 
simultaneous and, therefore, assuming that Wu  is piece 
continuous function of point location on ∞F , we shall 
apply in this case the lemma formulated above. To this 
effect we shall assume that 

WW uuU δ−=η )2( 0                              (21) 
)2/()3( 0

2
0

2
WW uUUu −−=ϕ                      (22) 

It is important to note that for correct application of the 
above mentioned lemma it is necessary to ensure the 
continuity of function ϕ  for all points of the concerned 
integration area WF , i.e. an additional condition ensuring 
incongruence of ϕ  denominator to zero for WF  points 
must be accepted. Since as long as Wu  was assumed to be 
arbitrary, this additional condition inevitably narrows 
down the set of acceptable functions within the results 
derived below are true, i.e. 

2/0UuW >                                 (23) 

Note: In principle we can also consider the situation when 
2/0UuW < , however this case has not practical 

importance for the problem concerned where the hull-
propulsor system is considered instead of the hull-turbine 
system. 
Now (19) and (20) can be rewritten with the use of (21) 
and (22) as follows: 

∫ =ϕη
WF

WdF 0                                     (24) 

∫ =η
WF

WdF 0                                       (25) 

Applying to (24) and (25) the lemma given above (16), 
(17), (18) which is applicable subject to additional 
condition (23), we can find out directly the unknown 
necessary optimal conditions 

.)2/()3( 10
2
0

2 constcuUUu WW ==−−=ϕ  on WF  (26) 
The result is quadratic equation in Wu . This quadratic 
equation has the following solution 

3/])(3[ 100
2
11 cUUccuW +++−=     on WF       (27) 

Here the additional condition (23) was used for the 
selection of one of the two roots of the quadratic equation, 
i.e. the sign before the radical in (27). Noting further that 
in the right part of (27) all values are constant, we can 
write down the unknown necessary optimal conditions as 
follows: 

.constcuW ==  on WF                      (28) 
The value of constant function c  in these optimal 
conditions differs from 1c  and is determined from the 
condition of equality of draw on the hook to the given 
value Σ

0EXT
r

. 
The sufficiency of the produced necessary optimal 
conditions for derivation of the unknown minimum can be 
demonstrated rather strictly (Achkinadze 2008), yet this 
bulky demonstration is not provide in this article. 
6 PROPULSIVE COEFFICIENT 
The propulsive coefficient for a propelled system, when 
the draw on the hook force equals zero, i.e. 00 =

Σ
EXT
r

, and 
 resistance is modulo equal to effective thrust, in the 
arbitrary and optimal cases can be represented 
respectively, subject to (10) and (28), as follows 

∫ −ρ+==η
WF

WWWDD dFUuuRURUPR ])(5.0/[/ 2
0

2
00 (29) 

])(5.0/[

/
2
0

2
00

0

WWOPTWOPT

DOPTDOPT

FUuuRURU

PRU

−ρ+

==η
      (30) 

According to the resultant theorem, subject to all 
concurrent conditions, it is obvious that DOPTη  is the 
maximum possible value of the coefficient. 
The ''bare hull'' resistance R  (resistance without 
propulsor) can be found out knowing the respective field 
of relative velocities ∗

Wu  for the points of cross section of 
the trail WF , through the use of (7), i.e. 

∫ ∗∗ −ρ=
WF

WWW dFuUuR )( 0                    (31) 

Note. The value of the propulsive coefficient Dη  cannot 
be referred to as propulsive coefficient of efficiency, since 
this value can be in principle greater than unity. 
Note. Below it is given the determination of generalized 
propulsive coefficient DGη  which can use to take into 
account nonzero “draw on the hook” case 



DEDG PUT /0=η                 (32) 

7 CONCLUSION 
The results produced above can be formulated as the 
following theorem: 
The produced optimal condition (28) consisting in the 
constancy of relative velocity in the cross section of the 
hydrodynamic wake far behind the hull-propulsor 
complex moving uniformly and linearly in incompressible 
infinite viscosity fluid are the necessary and sufficient 
condition of minimum power supply to the propulsor at 
the set draw on the hook force, subject to additional 
condition (23) narrowing down the set of compared 
relative velocity distributions, as well as subject to four 
basic assumptions: 1) only the axial component of the 
relative velocity in the cross section of the hydrodynamic 
trail far behind the system are taken into consideration; 2) 
moving off of the hydrodynamic wake analyzed in cross 
section is finite, yet large enough so that static pressure in 
the section is reasonably close to its value at infinity 
ahead; 3) for reference surface points, beyond the 
hydrodynamic wake, viscosity losses in the application of 
Bernoulli equation are disregarded; 4) for reference 
surface points located beyond the hydrodynamic wake the 
valuation of inflow velocities module contains the radius 
of the point concerned in negative quadric [see  (1)].  
Unfortunately in this paper is not include the transition 
method from the derived optimal condition which use far 
behind the hull-propulsor complex relative velocity to the 
optimal condition which use on actuator disk flow 
parameters. But some examples of calculation 
demonstrate (see Appendix Table 1) that the pressure 
jump distribution on disk form have significant an 
influence on hydrodynamic characteristics of concerned 
complex. 
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APPENDIX 
Calculation example 
Body of revolution (ellipsoid with 43 degree aft cone) 
(Patel et al 1974) with disk use for calculation (Fig.2). It 
is using two (triangle with maximum on axis and 
constant) forms of the pressure jump distribution on disk. 
Calculations carry out using “Fluent” computer soft with 
use k - ω  turbulent model (turbulent intensity equals 0.1; 
turbulent viscosity equals 1), aft disposition actuator disk 
and following parameters:  
Axis distance of WF  equals four body’s length; 
Body length, m    1.0; 
Body speed, m/c    1.4334; 
Maximum body diameter, m  0.1610; 
Disk diameter, m    0.04674; 
Disk diameter/maximum body diameter 0.29; 
Density,  kg/m3    1000; 
Reynolds number   1.26 106; 
 



 
 
 
 
 
 
 
 
 
 
 

Figure 2 Body of revolution (ellipsoid with 43 degree aft cone) 
(Patel et al 1974) with actuator disk propulsor 

Table 1 Calculation example. 

Value, magnitude Nomenclature and using  
formula 

Triangle form 
pressure jump  
distribution  on 
disk with 
maximum on 
axis (4170 Pa) 

Constant 
pressure jump  
distribution  on 
disk (1390 Pa) 

Resistance, N R (31),with using velocity field  1.8842 1.8842 

Axial component of “draw 
on the hook”, N 

Σ
EXT
r

 (7), with using velocity  
field 

- 0.3688 - 0.03430 

Axial component of 
propulsor effective thrust 
vector, N 

Σ−= EXE TRT
r

, with using 
 velocity field 

2.253 1.918 

Thrust, N T 2.385 2.385 

Loss of thrust, N ETTT −=∆ , 
where ,R determine using 
velocity field 

0.1320 0.4670 

Thrust deduction fraction TTt /∆=  0.05534 0.1958 

Thrust loading coefficient 
with using 0U  

CT 1.353 1.353 

Capacity losses 0UTPP EDD −=∆ , with using 
velocity field 

0.5344 0.04982 

External capacity supply to 
propulsor, Wt DP  (10), with using velocity 

field 

3.7641 2.7997 

Generalized propulsive 
efficiency 

DGη (32), with using velocity  
field 

0.8580 0.9822 

 
 


