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Rotor work may be calculated or determined experimental-
ly. Analytical methods consist in determination of angular
momentum in Euler’s rotor and consideration of absolute
velocity deviation because of rotary motion in the real rotor
and flow losses. Other analytical methods determining
the work apply velocity circulation round the blade, taking
into account relative velocities and peripheral components
of absolute velocity. At later stages of calculations, approach
used in the method of angular momentum increase is ap-
plied. Numerical methods consisting in the use of finite ele-
ments methods to determine pressure and velocity distribu-
tion in blade passages and boundary surfaces are also used.
This allows determination of work increase in the rotor.

Though analytical calculation methods are popular, they
still do not guarantee sufficiently precise results. Therefor
we have to apply balance methods of measurement. They
are expensive, arduous, and laborious, but they give the best
results of determination the amount of energy transmitted to
the medium, with precision to 1%. Which constitutes a very
good experimental result.

Thermoanemometric method of determining the periph-
eral velocity component at the rotor outlet may be used for
calculating the useful work transmitted to the fluid in a real
rotor. Radial component allows determination of volume of
the medium stream leaving the rotor. These two compo-
nents allow determination of real characteristics of the ma-
chine without building special test stands. Future applica-

tion of this method is not apparent, however, because the
object of tests consists in a compound turbulent space be-
hind the rotor, which cause measurement errors and diffi-
culties in identification of signals. The article deals with an
experiment aiming at determination of gas velocity behind
the rotor with three-fibre sensor and calculation of whirl
work in one point of characteristics, comparison of this
work with the work determined by means of measuring the
total pressure impact.
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The stand includes:
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Measurement route was composed of an anemometric
sensor (three mutually perpendicular fibres) , anemometer –
TURBULENCE METER type ATM 94,  A/C PC LabCard
PLC 814 and PC. Some elements of the measurement stand
for testing rotor wheels are shown in Figure 1.

The system is equipped with three anemometric sensors.
The program uses procedures which allow calculation of ve-
locity vector components in the co-ordinate system determined
with sensor fibres. Sensor fibres are marked with colours (blue,
green, red), vector co-ordinates in the program are marked
with the same colours. The sensor is connected to the card slot.
Number of the connected sensor is given in the program.

The program allows measurement of velocity vector
components, and calculates turbulence coefficient. Results
of measurements and calculations may be observed at he
monitor screen.
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Anemometer allows determination of three velocity compo-
nents and a module in πD’b section. These are:
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Components were measured along the rotor width for
five velocities from 439 to 2260 r.p.m. Results averaging
after 30 ms of sampling are shown in Figure 2. Averaging
values of velocity components in relation to time and width
are shown in Table 1.

Figure 3 depicts peripheral and radial velocities at the
diameter of sensor location – D’, and at the external rotor
diameter – D2.

Peripheral and radial velocities were recalculated for the
external diameter of the rotor according to angular momen-
tum preserving principle

2
2

'
' const

2 2u u
D D

c c= =

hence (1)

2
2

'
u

D
c c u

D
′=

and stream continuity equation

2 2 2 22 ' ' ' ' 2 constm mm r b c r b c= π ρ = π ρ =�

for constant density ρ2 = ρ’

'

2
2 2

'
'm m

r b
c c

r b
= (2)

Assuming that the stream will not have time to expand
(b2 = b’)

2
2

'
'm m

r
c c

r
= (3)

Recalculation results are shown in Table 2.
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It. 
Value 

 
Revolutions 

n, r.p.m Vx = cz’ Vy = cm’ Vz = cu’ V = c 

1. average 439 1.4140 1.2940 2.8564 3.5898 

2. average 897 2.5352 2.6149 5.6297 6.9655 

3. average 1368 3.6820 3.9535 8.5190 10.4724 

4. average 2038 5.2724 6.4202 12.8854 15.8014 

5. average  2260 7.1530 6.6900 15.4800 18.8800 
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Data for calculations:
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Recalculation formulas:

2 2 2 2 2 20.0523m mV D b c c= π χ =� (4)

lu = u2 c2u   (5)

where:

 
2

2 0.01648 ,
60

D n
u n

π
= =

n – rotor revolutions  r.p.m.,
c2u – velocity vector peripheral component,
c2m – velocity vector radial component.

Capacity of  2V�  rim was recalculated to capacity of sV�

fan, asking into consideration volumetric loss as shown in
Figure 4.

According to the balance principle, capacity behind 2V�

rotor is equal to the capacity determined in sV�  suction pipe
plus vV�  slot leakage, so we obtain

2s vV V V= −� � � (6)

In order to determine the leakage, value of volumetric
efficiency ηv = 0.93 was adopted, and value of vV�  leakage
was calculated ex definitions

2

s s
v

s v

V V

V V V
η = =

+

� �

� � �

(7)

where:

sV� – gas stream at the fan inlet,

vV� – volumetric loss stream,

2V� – stream calculated from anemometer.

Results of the calculations are shown in Table 3.
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Velocities Recalculation of  c’u velocity Recalculation of c’m velocity 

Rotational n Periphetal u2 c’u, m/s c2u, m/s c’m, m/s c2m, m/s It. 

r.p.m m/s (335 mm) (315 mm) (335 mm) (315 mm) 

1 439 7.2 2.85 3.03 1.29 1.37 

2 897 14.8 5.62 5.98 2.61 2.78 

3 1368 22.5 8.51 9.05 3.95 4.20 

4 2038 33.6 12.88 13.70 6.42 6.82 

5 2260 37.2 15.48 16.46 6.69 7.11 
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Tn = 273 K; pn =105 Pa – conventional thermal parame-
ters,

T1 = 287 K – temperature before reducer,

ρalk = 825 kg/m3 – manometer fluid density,

d = 0.155 m – orifice diameter,

g = 9.81 m/s2 – acceleration of gravity,

Δh1 – differential pressure height,

h1 – negative pressure height be-
fore orifice,

hs – suction negative pressure
height,

ηv = 0.93 – volumetric efficiency.

Exemplary calculation for:

Δh = 53 mm alc,
h1 = 0.054 m,
hs = 0.0815 m.

3 #�&#4&���!�
!"
�!�!�
#�:�#�� E

K #�:�#�� 
��
!��"�#��@/E

1 ,mmalcV K h= Δ�

32
2.5 1

1
1

10
2 m s ,

41
alk gC d

K
−

−
⎛ ⎞⎛ ⎞⎛ ⎞ ρ ⋅ ⋅π ⎜ ⎟= ε ⋅⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟− β ρ⎝ ⎠ ⎝ ⎠⎝ ⎠
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It. 

Revolutions n 
r.p.m 

 

Capacity ��
�    

m3/s 
 

 

Capacity ���      

 m3/s 
 

Value of volumetric  

loss  ���  

m3/s 

 
Whirl work lu 

m2/s2 

1 439 0.0721 0.0671 0.0050 23.8 

2 897 0.1456 0.1354 0.0102 88.5 

3 1368 0.2202 0.2047 0.0155 203.6 

4 2038 0.3566 0.3316 0.0250 460.3 

5 2260 0.3720 0.3460 0.0254 612.3 

 

�������������
!"����(
Δ�(
�/
��&4��
 sV� ��$
��

Wave 
fre-

quency 

Revo-
lutions hs  Δh  h1 Vs stpΔ  dpΔ  cpΔ  lu 

It. 

Hz n, r.p.m mm, alc. mm, alc. mm, alc. m3/s Pa Pa Pa m2/s2 

1 10 439 3 2          3 0.083        24.3        –1.4 23.0 19.2 

2 20 897      12 8 10 0.135        97.1        –3.7 93.4 77.8 

3 30    1368      28      20 20 0.214 226.5        –9.3     217.2     181.0 

4 45    2038      65      45 42 0.322 525.8      –21.2     504.6     420.5 

5 50    2260      80      48 56 0.350 659.3 –15.0     644.2     537.0 
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Values of suction negative pressure hs, differential pressure
Δh, negative pressure before orifice h1 measured parallel to
thermo-anemometric measure are shown in Table 4. The
data allowed calculations of capacity, total pressure impact
and useful work of the tested rotor.

Algorithm for calculation of the characteristics is pre-
sented, and results are shown in Table 4.

Data:

As  =  0.038 m2 – inlet section area,

At  =  0.0534 m2 – outlet section area,

ρ1 = 1.1941 kg/m3 – air density before orifice,

pb = 99 400 Pa – barometric pressure,

φ = 0.65 – air relative humidity,

t1 = 14.4oC – ambient temperature,

p”p =1 650 Pa – saturated steam pressure for t1,

Re = 3 . 105 – initial Reynold’s value,

β – reducer throat,

   κ = 1.4; ρn = 1.277 kg/m3
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0.756
2.5

0.5959 0.31( ) 0.184( )

10
0.029( ) ,

Re

C = + β − β +

⎛ ⎞
+ β ⎜ ⎟⎜ ⎟⎝ ⎠

,
8
0�I0-@(

1 5...

5

2 8 20 45 48
0.0297 m,

5

��

h h
h

Δ + + Δ
Δ = =

+ + + += =

240.50 Pa,�� ��� ��p g hΔ = ρ Δ =

4
1

1
1 0.41 0.35 0.9991,��p

p

Δ⎡ ⎤ε = − + β =⎣ ⎦ κ ⋅

2.5 10.48 m s ,K −= ⋅

3 1
1

1 1

s

3 11
1

0.3495 m s ,

98 963 Pa,

98 741 Pa,

0.3502 m s ;

mmalc

b alc

b s alc

s
s

V K h

p p h g

p p h g

p
V V

p

−

−

= Δ = ⋅

= − ρ =

= − ρ =

= = ⋅
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,

659.0 Pa,

1 1 1
,

2

c st d

st s alc

d �� �

t s

p p p

p h g

p V
A A

Δ = Δ + Δ

Δ = ρ =

⎛ ⎞⎛ ⎞ ′Δ = ρ −⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
�

3
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1

3
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3

1.199 kg m ,

1.202 kg m ,

( )
1.201 kg m ,
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p

p

p
p

p

−
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Figure 5 shows comparison of characteristics of rotor
works obtained from thermoanemometric measurements
”1” and balance measurements ”2”.

The presented results prove that thermoanemometric
measurements of flows through a radial machine determine
reliable characteristics with precision to 10% when com-
pared with the balance method. In this connection, these
results with be adjusted in Part 2, taking into account losses
occuring between sections “s-s” and ”1-1” in order to obtain
conformity of results derived from both methods.
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