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(57) ABSTRACT 
An axial thrust balancing system including a sleeve for 
balancing an axial thrust applied to a rotary shaft and a 
bush defining therebetween a clearance having ar 
ranged therein at least one pressure chamber for divid 
ing the clearance into a plurality of smaller clearances. 
The axial division of the clearance reduced the ratio of 
the axial length of the clearance to the diameter of the 
sleeve and stabilizes the bearing characteristics of a film 
of fluid in the clearance, thereby inhibiting the genera 
tion of a self-excited vibration of the shaft up to a high 
rotation velocity. 

1 Claim, 9 Drawing Figures 
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1. 

AXAL THRUST BALANCNG SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to an axial thrust balancing 
system suitable for use with a multi-stage centrifugal 
pump, multi-stage centrifugal compressor, etc. 
One type of axial thrust balancing system known in 

the art comprises a sleeve mounted on a rotary shaft for to 
balancing axial thrust, a bush separated from the sleeve 
by a small annular clearance, a high pressure balance 
chamber interposed between the sleeve and the back of 
an impeller, and a low pressure balance chamber lo 
cated on a side of the sleeve opposite the side on which 
an impeller is iocated. 

In this construction, the majority of the fluid drawn 
by suction through a suction port of the impeller and 
discharged from the impeller through a discharge port 
is supplied through an outlet casing to a predetermined 
position. Part of the discharge fluid flows into the high 
pressure balancing chamber located behind the impeller 
and through the clearance and the low pressure balance 
chamber to be led to the suction side of a pump or 
released to the atmosphere. 

In the aforesaid axial thrust balancing system, the 
discharge pressure and the suction pressure of the pump 
act, for example, on side walls of the sleeve adjacent the 
high pressure balance chamber and low pressure bal 
ance chamber, so that the axial thrust acting in the di 
rection of the suction port of the impeller can be miti 
gated by the sleeve. 

In the aforesaid construction, a fluid filled in the 
clearance in the form of a thin film performs a sort of 
bearing function like a film of lubricant formed on a 
journal bearing. When the rotary shaft is rotated at an 
angular velocity which is higher than the natural angu 
lar frequency of the shafting, self-excited vibration of 
the shaft may occur as similar to the oil whip of the 
lubricated-journal bearing. 

SUMMARY OF THE INVENTION 

This invention has been developed for the purpose of 
obviating the problem of the prior art described herein 
above. Accordingly the invention has as its object the 
provision of an axial thrust balancing system capable of 
stabilizing the bearing characteristics of a film of fluid 
formed in the clearance between the sleeve and the bush 
to thereby prevent the occurrence of self-excited vibra 
tion of the shaft up to a high rotational velocity. 
According to the invention, there is provided an axial 

thrust balancing system comprising a rotary shaft hav 
ing an impeller mounted thereon, sleeve secured to the 
rotary shaft on the discharge side of the impeller for idle 
movement in an axial direction together with the rotary 
shaft, a bush attached to a casing enclosing the sleeve 
and juxtaposed against the sleeve, an annular clearance 
defined between the sleeve and the bush, a high pres 
sure balance chamber and a low pressure balance cham 
ber formed by the formation of the clearance on a side 
of the sleeve adjacent the impeller and on a side thereof 
opposite the side on which the impeller is located, re 
spectively, and at least one pressure chamber located in 
the annular clearance for dividing it axially into a plu 
rality of shorter annular clearances. 

Additional and other objects, features and advantages 
of the invention will become apparent from the descrip 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
tion set forth hereinafter when considered in conjunc 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic sectional view for explaining 

the principle of the axial thrust balancing system ac 
cording to the invention; 
FIG. 2 is a schematic sectional view taken along the 

line II-II in FIG. 1; 
FIG. 3 is a diagrammatic representation of the whirl 

ing characteristic of a shafting; 
FIG. 4 is a diagram showing the manner in which 

flow of the fluid takes place in the pressure chamber in 
the clearance according to the invention; 

FIG. 5 is a schematic view showing the condition of 
a two-dimensional jet stream corresponding to the con 
dition shown in FIG. 4; 
FIG. 6 is a diagrammatic representation of the self 

excited vibration generation limits characteristic of a 
shaft; 
FIG. 7 is a sectional view of the essential portions of 

the axial thrust balancing system according to an em 
bodiment of the invention; and 
FIGS. 8 and 9 are sectional views of the essential 

portions of the axial thrust balancing system according 
to other embodiments. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIG. , in order to enable a stable rota 
tion of a shaft, a rotary shaft 1 has a sleeve 2 mounted 
thereon for balancing axial thrust, with a bush 3 being 
attached to a casing, and an annular clearance 4 being 
defined between the sleeve 2 and the bush 3. FIG. 2 
shows balancing of forces, in the direction of swirling 
velocity occurring when the sleeve 2 moves in swirling 
movement on a circular orbit of a minuscule radius e at 
an angular frequency of (). The force F1 is a force tend 
ing to increase the radius e of the swirling movement by 
the coupled spring coefficient K of the fluid film, and 
the force F2 is a force tending to decrease the radiuse of 
the swirling movement by the damping coefficient Cyr 
of the fluid film. The condition of the swirling move 
ment described above being damped with time can be 
expressed by the following formula: 

F> Fl (1) 

F and F2 can be expressed by the following equations: 

F = Keye (2) 

F2== Cxe (3) 

By substituting the equations (2) and (3) into formula 
(1), the following formula (4) can be obtained: 

Cox.0)Kxy (4) 

Formula (3) can be transformed by using the rotation 
angular velocity a) of the shaft 1 into the following 
formula (5): 

a Cxx/Kry>()/2 (5) 

Experiments were conducted on the spring coefficient 
and the damping coefficient of the film of fluid in the 
annular clearance 4 between the sleeve 2 and the bush 3 
with regard to various combinations of the axial length 
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L of the clearance 4 and the diameter D of the sleeve 2. 
The results of the experiments show that the left side 
oC/Ky of formula (5) shows a change as shown in 
FIG. 3 as the ratio of the axial length to the diameter 
L/D is varied. In this figure, it will be seen that 
oC/Ky shows a sudden increase if L/D is decreased, 
to enable the shaft 1 to rotate stably up to a high rota 
tional velocity. 
The diameter D of the sleeve 2 is set at a value neces 

sary for balancing the axial thrust of the pump. Thus, to 
reduce the value of L/D, it is necessary to decrease the 
value of L as compared with that of the prior art. How 
ever, the fluid leaking through the clearance 4 would 
increase in flow rate and the pumping efficiency would 
be reduced if the value of L is merely decreased. This 
problem is obviated, if a plurality of sleeves of a small 
length L are provided to keep the flow rate of fluid 
leaks from increasing. 
However, the use of a plurality of sleeves poses an 

other problem with regard to cost. More particularly, 
the use of a plurality of sleeves together with a plurality 
of bushes would result in an increase in cost. However, 
if a pressure chamber of a large area is provided to one 
of the sleeve and the bush or to both of them in strad 
dling relation, the effects achieved thereby would be 
the same as the effects achieved by the provision of a 
plurality of sleeves and bushes of small L/D. It has been 
ascertained by experiments that the effects achieved are 
not satisfactory unless the pressure chamber has an axial 
length which is over thirty-eight times as great as the 
size or radial width (i.e. size C in FIG. 4) of the clear 
ance 4. 
The axial length and the depth necessary for the 

pressure chamber to effectively divide the clearance 4 
by the pressure chamber can be calculated as presently 
to be described by regarding the flow in the pressure 
chamber as a two-dimensional jet stream. 

FIG. 4 shows a condition of flow of the fluid in a 
pressure chamber 5 formed on an inner peripheral sur 
face of the bush 3, in which i denotes the axial length of 
the pressure chamber 5, t the depth thereof and C the 
size of the annular gap or clearance 4. FIG. 5 shows a 
condition of a jet stream of two-dimensional shape in 
which 2C denotes the width of the jet stream at the 
ejection port, 2B the width of the jet stream in a cross 
section axially remote from the ejection port by a dis 
tance X and unax the maximum velocity of the jet stream 
in the central portion thereof. A momentum of the fluid 
flowing through one cross section of the stream should 
be constant regardless of the distance Z. Thus the fol 
lowing relation holds between the width 2B of the jet 
Stream and the maximum velocity una: 

una'2B = constant (6) 

Meanwhile when the jet stream is two-dimensional, 
the width 2B increases in proportion to the distance Z, 
So that a diverging angle 20 is constant without regard 
to the distance Z. Thus, the following relationship holds 
if streams around the ejection port are ignored: 

2Bs2C--22 tan (9 (7) 

When the jet stream is two-dimensional, the diverg 
ing angle 26 is about 12 degrees. The flow of the fluid in 
the pressure chamber 5 shown in FIG. 4 may be ana 
lyzed by regarding the same as an upper halfportion of 
the two-dimensional jet stream shown in FIG. 5, in the 
Sane manner as the two-dimensional jet stream has 
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4. 
described hereinabove. It will be seen that the relation 
ship of equations (6) and (7) also hold with respect to 
the flow in the pressure chamber 5. If the maximum 
velocity unax is vn at an inlet (Z=0) of the pressure 
chamber 5, the width B of the jet stream, the maximum 
velocity una thereof can be expressed by the following 
equations (Note that the diverging angle 6 of the jet 
stream is about 6 degrees.): 

(8) 
Z 8 p = c(£ tan 6 + 1) 

Vn 
"Eac 

2 & Né tan 6 -- i. 

With regard to the contribution of deceleration of the 
maximum velocity unax for obtaining effective function 
ing of the pressure chamber 5, the role of the pressure 
chamber 5 would be to separate one portion of the 
clearance on one side from the other portion thereof on 
the other side so as to keep the portion of the clearance 
on the upstream side from influencing the portion 
thereof on the downstream side. Stated differently, the 
pressure chamber 5 functions in such a manner that a 
dynamic pressure vn2/2 g of an axial flow at the inlet of 
the pressure chamber 5 is satisfactorily reduced within 
the pressure chamber 5 and the peripheral distribution 
of pressures existing at the inlet of the pressure chamber 
5 is eliminated within the pressure chamber 5. The end 
of reducing the peripheral distribution of pressures ex 
isting at the inlet of the pressure chamber 5 can be at 
tained by satisfactorily reducing the dynamic pressure 
of the axial flow within the pressure chamber 5. 
Taking the total pressure differential in an axial direc 

tion of the sleeve 2 as a reference, the function of the 
pressure chamber 5 would be considered satisfactorily 
performed if the dynamic pressure ulnar/2 g can be 
reduced to less than 1% of the total pressure differential 
within the pressure chamber 5. Generally the dynamic 
pressure vn2/2 g of an axial flow in the clearance be 
tween the sleeve 2 and the bush 3 is about 5% of the 
total pressure differential. Thus, one has only to decel 
erate the flow of the fluid in such a manner that the 
dynamic pressure is reduced to about 1/5 thereof. In 
other words, the condition of 

(9) 

would have only to be created in the pressure chamber 
5. The axial length 1 of the pressure chamber 5 necessary 
for this purpose is as follows from equation (9): 

e38C (10) 

The depth t of the pressure chamber 5 is required to 
be greater than the maximum width of the jet stream 
therein, so that the depth t is as follows from equation 
(8): 

65 
t20.1 (11) 

FIG. 6 shows the critical rotational velocity value 
(a)/O) as measured actually, which causes the self 
excited vibration of a shaft in the system 4 in which the 
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ratio of the axial length L of the clearance 4 to the 
diameter of the sleeve 2 is about 1.0 and the clearance 4 
is divided by three pressure chambers into four por 
tions. In the figure, it will be seen that if the dimension 
less axial length l/C of the pressure chamber is over 5 
thirty-eight times as great, the shafting is suddenly stabi 
lized, thereby providing that equation (10) is appropri 
ate. 

Referring to FIG. 7, a rotary shaft 1 has an impeller 
8 secured thereto which has a sleeve 2 mounted at its 10 
back for balancing axial thrust. A bush 3 is located 
adjacent an outer peripheral surface of the sleeve 2 with 
annular clearances 4a, 4b and 4c being interposed there 
between. The bush 3 is formed at its inner peripheral 
surface with a plurality of (two in this embodiment) 15 
pressure chambers 5a and 5b. A high pressure balance 
chamber 6 is located between the sleeve 2 and the back 
of the impeller 8, and a low pressure balance chamber 7 
is located on a side of the sleeve 2 opposite the side 
thereof adjacent the impeller 8. 2O 

Part of the fluid discharged from the impeller 8 is led 
into the high pressure balance chamber 6 at the back of 
the impeller 8 and flows through the clearance 4a, pres 
sure chamber 5a, clearance 4b, pressure chamber 5b and 
clearance 4c into the low pressure balance chamber 7, 25 
before being introduced into the suction side of the 
pump or released to the atmosphere. The pressure 
chambers 5a and 5b are sufficiently large in volume to 
render the bearing action of the fluid filled in the clear 
ances 4-a-4-c equal to the sum of the bearing actions of 30 
the clearances 4-a-4-c. The clearances 4-a-4c are con 
structed such that the ratio L/D is sufficiently low to 
obtain stability in the rotation of the shaft up to a high 
rotation angular velocity, as described by referring to 
FIG. 3. 35 

In the embodiment shown and described herein 
above, the clearance is divided into the three clearances 
4a-4c by the two pressure chambers 5a and Sb. It is to 
be understood, however, that the invention is not lim 
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6 
ited to this specific number of clearances. In some cases, 
it is better to divide the clearance 4 into over four clear 
ances and in some cases two clearances are enough, to 
give a suitable value to the ratio L/D. 

In the embodiment described hereinabove, the two 
pressure chambers 5a and 5b are located on the side of 
the bush 3. The invention is not limited to this specific 
arrangement of the pressure chambers 5a and 5b, and 
the same effects can be achieved by arranging the pres 
sure chambers Sa and 5b on the sleeve 2 side as shown 
in FIG. 8 and by arranging them in a manner to straddle 
the sleeve 2 and the bush 3 as shown in FIG. 9. 
From the foregoing description, it will be appreciated 

that in the axial thrust balancing system according to 
the invention, the clearance between the sleeve and the 
bush is divided by a pressure chamber or chambers into 
a plurality of clearances to reduce the value of the ratio 
of the axial length L of the clearance to the diameter D 
of the sleeve. This arrangement is conducive to stabili 
zation of the bearing characteristics of a film of fluid in 
the clearance, so that the pump can be operated stably 
without giving rise to a self-excited vibration of its shaft 
up to a high rotation velocity. 
What is claimed is: 
1. An axial thrust balancing system comprising a 

rotary shaft having an impeller mounted thereon, a 
sleeve secured to said rotary shaft on the discharge side 
of said impeller for rotation with the rotary shaft, a bush 
attached to a casing enclosing the sleeve and juxtaposed 
against the sleeve, an annular clearance defined be 
tween said sleeve and said bush, and at least one annular 
pressure chamber formed in a surface of at least one of 
the sleeve and the bush for dividing the clearance axi 
ally into a plurality of shorter clearances, said annular 
pressure chamber having an axial length over thirty 
eight times as great as a radial width of said clearance 
and a depth of over 0.1 times as great as the axial length 
of the annular pressure chamber. 
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