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Fig. 7.5 The phase angles of the shroud lateral hydrodynamic forces, F, due to the 
eccentric position of the rotating shroud as a function of the shaft speed 
with c = 0.150 in, 8 = 0.020 in, and H = 0.167 in. 
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Fig. 7.6 The dimensionless average shroud lateral hydrodynamic force, Fo, as a func­
tion of the shaft speed, with c = 0.150 in, 8 = 0.020 in, and H = 0.167 
m. 
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Fig. 7.7 The phase angles of the average shroud lateral hydrodynamic force, CPo, as a 
function of the shaft speed, with c = 0.150 in, {) = 0.020 in, and H = 0.167 
in. 
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Fig. 7.8 The dimensionless normal and tangential components of the shroud lateral 
hydrodynamic force, Fn and Fb as a function of the dimensionless shroud 
clearance, H*, with c = 0.038 in, b = 0.020 in. 
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Fig. 7.9 The dimensionless magnitude of the shroud lateral hydrodynamic force, F, 
due to the eccentric position of the rotating shroud, as a function of the 
dimensionless shroud clearance, H*, with c = 0.038 in, h = 0.020 in. The 
figure also shows the magnitude of the force for h = 0.185 in. 
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Fig. 7.10 The phase angles of the shroud lateral hydrodynamic forces, F, due to the 
eccentric position of the rotating shroud, as a function of the dimensionless 
shroud clearance H* , with c = 0.038 in, 6 = 0.020 in. The figure also shows 
the phase angle of the force for 6 = 0.185 in. 
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Fig. 7.11 The dimensionless normal and tangential components of the shroud lateral 
hydrodynamic force, Fn and Ft , as a function of the dimensionless eccen­
tricity, c*, with H = 0.167 in, and {) = 0.020 in. 
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Fig. 7.12 The dimensionless magnitude of the shroud lateral hydrodynamic force, F, 
due to the eccentric position of the rotating shroud, as a function of the 
dimensionless eccentricity, c*, with H = 0.167 in, and h = 0.020 in. 

I 

'" '" I 

:i 



6' 65 
w 
£:) -
""6-

w 
0 
a: 
f2 60 
--I 0--- ___ « a: -w Ir-_ 

~ - ..... -6- .... .... 
LL 

.... .... 
o 55 

.... ........ ~ -..~ 1 W 
--I .... 
CJ .... .... z .... 
« 'a 
w BALANCE D. RPM=1000 
Cf) 

MANO 0 RPM=1500 « ---
I 
a... 50 

0.0 0.2 0.4 0.6 0.8 1.0 

DIMENSIONLESS ECCENTRICITY, f) H 

Fig. 7.13 The phase angles of the shroud lateral hydrodynamic force as a function of 
the dimensionless eccentricity c;*, with H = 0.167 in, and [j = 0.020 in. 
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Fig. 7.14 The static head coefficient, averaged over four eccentric positions, as a func­
tion of the shaft speed, with c = 0.150 in, {; = 0.020 in, and H = 0.167 
m. 
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Fig. 7.15 Some typical dimensionless steady pressure distributions at outlet area 
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Fig. 7.16 Some typical dimensionless steady pressure distributions along the merid­
ional direction of the rotating shroud surface, with c = 0.038 in, 6 = 0.020 
in, H = 0.084 in, ~ = 0°, and RPM=lOOO. 
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Fig. 7.17 The dimensionless magnitude of the unsteady pressure fluctuations as func­
tions of the clearance geometry and shaft speed. 
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Chapter 8 

SUMMARY AND CONCLUSION 

Based on the need to understand the impeller shroud forces, an experi­

mental apparatus was designed to simulate the impeller shroud leakage flow. 

Hydrodynamic forces, steady and dynamic pressure distributions on the rotat­

ing shroud were measured as functions of eccentricity, width of shroud clearance, 

seal clearance and shaft rotating speed. From these measurements, the following 

can be concluded: 

1) The hydrodynamic force matrix [AJ in this experiment is statically unstable. 

The diagonal terms are equal in magnitude and have the same positive 

sign, resulting in a radially outward fluid force Fn. The off-diagonal terms 

are equal in magnitude and their opposite signs are such as to produce a 

tangential fluid force, Ft , encouraging forward whirl motion of the rotating 

shroud. These findings are qualitatively similar to the hydrodynamic volute 

force of a complete pump. 

2) Both non-dimensionalized normal and tangential hydrodynamic forces act­

ing on the rotating shroud decrease as Reynolds number increases. This 

effect is a function of the shroud clearance. 

3) The hydrodynamic forces acting on the rotating shroud are a strong non­

linear function of the eccentricity as the ~ power. 

4) For a fixed eccentricity, reducing clearance substantially increases Fn and 

Ft. The forces vary approximately inversely with ~ power of this clearance. 

The ratio Ft! F n is also a function of this clearance. 
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5) The forces decrease and the ratio Ft/ Fn decreases when the front face seal 

opening is increased. It was observed that the local pressures are relieved 

by this opening. It is also possible that the shroud leakage flow rate is 

changed but the effect of this leakage on forces is unknown. 

6) The sub-harmonic frequency pressure fluctuations were observed which may 

affect adversely the behavior of the rotor system. 

This experiment is the first step of an on-going shroud force test program. 
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