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(57) A forced closed-loop cooling system 1s provided for an electric motor driven submersible pump having a motor
housing containing an electric motor with a rotatable motor shaft extending therefrom, and a pump housing attached
to the motor housing, the pump housing having a fluid inlet, a fluid outlet, and a pump 1impeller mounted therein on
the motor shaft. The closed-loop cooling system consists of a coolant jacket surrounding the motor housing to define
an annular motor cooling chamber; an end plate interposed between the motor housing and the pump housing to define
a coolant sump about the motor shaft. The coolant sump 1s 1n fluid communication with the annular motor cooling
chamber and sealed from pumped fluid 1n the pump housing by the end plate. The end plate has features for enhanced
heat transfer and 1s 1n contact with the pumped fluid 1n the pump housing for transterring heat thereto. There 1s also
provision for forced circulation of coolant between the coolant sump and the annular motor cooling chamber.
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FORCED CLOSED-LOOP COOLING FOR A SUBMERSIBLE PUMP MOTOR

ABSTRACT OF THE DISCLOSURE

A forced closed-loop cooling system is provided for an
electric motor driven submersible pump having a motor housing
containing an electric motor with a rotatable motor shaft
extending therefrom, and a pump housing attached to the motor
housing, the pump housing having a fluid inlet, a fluid outlet,
and a pump impeller mounted therein on the motor shaft. The
closed-loop cooling system consists of a coolant jacket
surrounding the motor housing to define an annular motor cooling
chamber; an end plate interposed between the motor housing and
the pump housing to define a coolant sump about the motor shaft.
The coolant sump is 1in fluid communication with the annular
motor cooling chamber and sealed from pumped fluid in the pump
housing by the end plate. The end plate has features for
enhanced heat transfer and is in contact with the pumped fluid
in the pump housing for transferring heat thereto. There is
also provision for forced circulation of coolant between the

coolant sump and the annular motor cooling chamber.
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FORCED CLOSED-LOOP COOLING FOR A SUBMERSIBLE PUMP MOTOR

BACKGROUND OF THE INVENTION

This invention relates generally to cooling for pump
motors and more particularly to forced closed-loop cooling for

electrical motors on submersible pumps.

Submersible pumps are typically run fully submerged in a
fluid capable of providing ample heat transfer for cooling
thelr integral electric motors. However, there are instances
in which either the space constraints of the application
require a small package. In such cases, the motor must be made
as small as possible, and as a consequence, cooling must be
provided to the motor in order for it to be able to operate at
higher than normal power output for its size. 1In other cases,
the pump must operate continuously or intermittently in air.
Since still air provides insufficient cooling, the motor is
subject to thermal overload and either shuts off or fails.
Cooling may be provided by circulating the pumped fluid around
the motor housing within a cooling jacket, but this may be
impractical or even impossible when pumping sewage or other
solids bearing fluids. Pumps used for pumping clean fluids may
be cooled by circulating the pumped fluid through cooling
passages cast into the motor housing. However such integrally
cast passages 1lncrease the complexity and cost of the housing
castings and of the pumps made with thenmn. Although such costs
are objectionable, they are a necessary consequence of

avolidance of early failure of submersible pumps and motors.
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The foregoing 1llustrates limitations known to exist in
present submersible pumps, and it would be advantageous to
provide an alternative directed to overcoming one or more of
those limitations. Accordingly, a suitable alternative is

provided including features more fully disclosed hereinafter.
SUMMARY OF THE INVENTION

In one aspect of the present invention, a forced closed-
loop cooling system is provided for an electric motor driven
submersible pump having a motor housing containing an electric
motor with a rotatable motor shaft extending therefrom and a
pump housing attached to the motor housing, said pump housing
having a fluid inlet, a fluid outlet, and a pump impeller
mounted therein on said motor shaft; the closed-loop cooling
system comprising a coolant jacket surrounding said motor
housing to define an annular coolant chamber; an end plate
interposed between said motor housing and said pump housing to
define a coolant sump about said motor shaft, said coolant sump
being in fluid communication with said annular coolant chamber
and sealed from pumped fluid in said pump housing, said end
plate having means for enhanced heat transfer and being in
contact with said pumped fluid in said pump housing for
transferring heat thereto; and means for forced circulation of

coolant between said coolant sump and said annular coolant

chamber.

The foregoing and other aspects of the invention will
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become apparent from the following detailed description, when

considered in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic elevation cross-sectional view of a
submersible pump illustrating an embodiment of a closed-loop
forced cooling system according to the invention;

Fig. 2 is an enlarged view of the portion of the pump of
Fig. 1 which embodies the key elements of the invention;-

Figs. 3, 3a, and 3b are a plan view, a sectional view in
the direction of arrows a-a, and a sectional view in the
direction of arrows b-b, respectively, of a cover plate;

Fig. 4 is a perspective view of a coolant impeller;

Figs. 5 and 5a are a plan view and a cross sectional view,

in the direction of arrows a-a, of an end plate;

Fig. 6 is a schematic partially sectional perspective view
of a submersible pump to show the operation of the closed-loop
forced cooling system of the invention:; and

Fig. 7 is a schematic perspective bottom view of an end

pPlate incorporating fins which extend into the pump housing for

further enhancing the heat transfer to the pumped fluid.

DETAILED DESCRIPTION

The vertical cross-section of a submersible pump 100 is
shown in Fig. 1 to illustrate the overall structure of the

pump, including the closed-~loop cooling system of the

invention. Such pumps are usually mounted vertically, as
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shown, for pumping fluids from wet pits containing contaminated
fluids at varying levels. It includes a motor housing 10 with
a motor housing head 15 and a motor housing extension 17. The
housing 10 contains a stator 12, and a rotor 11 carrying a

motor shaft 13, extending axially therefrom. The motor housing
extension 17 is attached to a pump housing 40 with an inlet, an
outlet, and an impeller 45, mounted‘to the motor shaft 13, for
pumping sewage or other solids-bearing fluid. The inlet is

shown here as being on the bottom center of the pump houéing 40

and the outlet, tangentially directed at the side, but it

should be understood that, for different applications under
differing space constraints, the pump housing 40 may be
differently configured. The motor housing 10 is surrounded by
a coolant jacket 20, which is sealed with o-rings 18 or other
suitable seals to the housing, to define an annular coolant
chamber 21 filled with a coolant fluid in contact with the

motor housing.

An end plate 30, seen in Figs. 5 and 5a, is situated on
the end of the motor housing extension 17, seen also in Fig. 2,

to define a coolant sump 25 within the housing extension and to
separate it from the pumped fluid in the pump housing 40.

Seals 19 and 29 seal the shaft 13 to deter leakage of fluid out
of or into the coolant sump, respectively. A cover plate 26,

shown here and in Figs. 3, 3a, and 3b, nests between the motor
housing extension 17 and the end plate 30 to define a coolant

pumping chamber 35 with an annular centered inlet 23 about the
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motor shaft 13, for admitting coolant fluid returning through
the return orifice 21b from the coolant chamber 21, and an
outlet 24 at its edge connecting to a passage 2la into the
annular coolant chamber 21. The return orifice 21b connects to
a stand pipe 31 (seen in Fig. 6) in the annular coolant chamber
21. The stand pipe 31 assures that coolant entering at the
bottom of the coolant chamber 21 will flow all the way to the
top of the chamber before returning to the coolant sump 25.
This prevents short-circuiting of the coolant fluid, and
provides maximum heat extraction from the motor housing 10. A
céolant impeller 27 (see also Fig. 4) is mounted on the motor
shaft 13 within the coolant pumping chamber 35 adjacent to the
end plate 30 and is surrounded by at least one fin 28,
preferably in the form of a spiral defining an extended volute,
but also possibly in the form of a plurality of short
substantially radially-directed fins. 1In the latter case, the

outlet 24 of the coolant pumping chamber 35 would be more

circumferentially distributed than in the preferred embodiment

of the fin 28 shown in Figs. 5 and 5a.

Fig. 6 1s a partially cut-away schematic representation of
the pump used to illustrate the closed-loop flow path of the
coolant fluid during operation of the pump. Beginning in the

coolant sump 25 within motor housing extension 17, the coolant
passes through the inlet 23 in the cover plate 26 of the

coolant pump chamber 35 and is pumped outwardly by the impeller
27 through the volute formed by the spiral fin on the end plate

30 to the outlet 21la of the coolant pumping chamber and into
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the annular coolant chamber 21. The coolant fluid then travels

around the motor housing 10 as it passes upward in the coolant
chamber until 1t reaches the top of the chamber and overflows
into the stand pipe 31 through which it returns to the inlet
21b of the coolant sump 25. The arrows pointing downward in
Fig. 6 represent the flow of heat from the coolant fluid

through the end plate 30 into the pumped working fluid in the

pump housing.

The heat extraction from the motor in this invention is
substantially completely through the end plate 30 and into the
pumped fluid. This design is necessitated by the uncertainty
of having any heat removal through the wall of the coolant
jacket 21 due the possibility of operating with only the pump
housing exposed to working fluid. Accordingly, it is desirable
to enhance heat transfer through the end plate 30 to the
maximum extent possible. Fig. 7 shows an end plate 30a
equipped on its lower surface with fins 60, which project
axially into the pump housing behind the pump 1impeller and
which increase heat release from the end plate 30a to the
pumped fluid. The specific design and orientation of the fins
60 will depend upon the natural fluid flow pattern in the space
between the pump impeller and the end plate, as determined by
sizing and clearances within the pump housing. The fin(s) 28,
60 bn both surfaces of the end plate 30a increase heat flow
into and out of the end plate, thereby enhancing heat transfer

between the coolant fluid within the closed-loop cooling systen
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and the pumped (or working) fluid passing through the pump
housing. Additional heat transfer enhancements, which are not
illustrated but afe readily described and understood, include
the following: The end plate being formed with the spiral fin
surrounding the coolant impeller formed as a spiral
corrugation, such that the wall thickness of the end plate at
the spiral fin is constant; and the end plate having a spiral
tube brazed or otherwise attached to its face in contact with
the pumped fluid in the pump housing. It is understood that
the spiral tube embodiment would require a redesign or
elimination of the coolant sump, with the coolant impeller
inlet being situated to receive coolant exiting from the tube

after being cooled by the pumped fluid.
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CLAIMS:

1 1. A forced closed-loop cooling system for an electric

2 motor driven submersible pump having a motor housing containing
3 an electric motor with a rotatable motor shaft extending

4 therefrom, a pump housing attached to said motor housing, said

5 pump housing having a fluid inlet, a fluid outlet, and a pump

6 impeller mounted therein on said motor shaft, said closed-loop

7 cooling system comprising:

8 a coolant jacket surrounding said motor housing to define

9 an annular motor cooling chamber;
10 coolant fluid filling said annular motor cooling chamber;
11 an end plate interposed between said motor housing and said
12 pump housing to define a coolant sump about said motor shaft,
13 said coolant sump being in fluid communication with said annular
14 motor cooling chamber and sealed from pumped fluid in said pump
15 housing, said end plate having means for enhancing heat transfer
16 and being in contabt with said pumped fluid in said pump housing
17 for transferring heat thereto; and
18 means for forced circulation of coolant between said
19 coolant sump and said annular motor cooling chamber.

1 2. The forced closed-loop cooling system of claim 1,

2 wherein the means on said end plate for enhanced heat transfer

3 comprises at least one axially extending fin within said coolant
4 sump surrounding said means for circulating coolant.

1 3. The forced closed-loop cooling system of claim 2,
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further comprising:
at least one axially extending fin projecting from said end

plate into said pumped fluid.

4. The forced closed-loop cooling system of claim 1,

wherein the means for forced circulation of coolant between said
coolant sump and said annular motor cooling chamber comprises a

coolant impeller mounted adjacent said end plate on said motor
shaft within said coolant sump and a cover plate overlying said
coolant impeller to define a coolant pumping chamber with a

coolant inlet provided by an annular opening around said motor
shaft and a coolant outlet in the periphery of said cover plate

leading to said annular motor cooling chamber.

5. The forced closed-loop cooling system of claim 4,

further comprising:

a spiral fin extending axially between said end plate and
said cover plate to form an extended volute between the outer

edge of said coolant impeller and said coolant outlet.

6. The forced closed-loop cooling system of claim 4,
wherein the means for enhancing heat transfer comprises at least
one axially extending fin projecting from said end plate into

said pumped fluid.

7. The forced closed-loop cooling system of claim 1,

further comprising:
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a stand pipe extending from a point at the upper end of the
annular cooling chamber, downwardly through said cooling chamber
to an orifice leading into the coolant sump, for returning

coolant fluid to said coolant sump.

8. A submersible pump with an electric motor, comprising:

a motor housing containing an electric motor with a
rotatable motor shaft extending therefrom through a housing
extension;

an end plate attached to said housing extension and having
an opening with a seal through which said motor shaft extends:

a pump housing attached to said end plate, said pump
housing having a fluid inlet, a fluid outlet, and a pump
impeller mounted therein on said motor shaft; and

a closed-circuit system for cooling said motor, including
an annular motor cooling chamber filled with coolant fluid and
surrounding the motor housing, a codlant sump within said
housing extension between said end plate and said motor housing
for receiving coolant from said motor cooling chamber, means for
forced circulation of coolant between said coolant sump and said
motor cooling chamber, and enhanced heat transfer means on said
end plate for transferring motor heat from said coolant to fluid

being pumped by said impeller.
9. The submersible pump of claim 7, wherein the means for
forced circulation of coolant between said coolant sump and said

motor cooling chamber comprises a coolant impeller mounted on

sald motor shaft within said coolant sump adjacent said end

10
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plate, a cover plate overlying said coolant impeller to define a
coolant pumping chamber with a coolant inlet provided by an

annular opening around said motor shaft and a coolant outlet in
the periphery of said cover plate leading to said annular motor

cooling chamber.

11

OISO T NS MIPATQ AGEMT AT JEATrhn b o] Wbt bl oI b e I L LI L NS L L EL I s e . . T st s e oy IR DR QDI iy g S L MR § HAC H A O AL e et Bl Sl B e L D TR L DR R i ST B R N TR N PR IR PROTTETT PY BT THTY TP TEN Y TR C O ST T T U T O PO Sy S PRIZIRIENLIN « M3 I 4eMTRY " " '



1999-09-27

02283603

CA

b
%
/ b \ -
L
) ‘ b “
k 7
| 9
e e B . 4
! z
. i il Z7a | INNSNY
Ly X oS .;
. _- , Ny, ’ 0,700 0 Tk
R AT IR AT S S R N 4K 4 _
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ |
NN | S R R R O AN N N NS SRS S RN AR A NI VORI LSOOI L ’ \u\\ .-f-/_
I \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
N R ¢ | W 8 g N N S A A O N N R N A A A AT NS .

\

Y
praslv.

,<

I

\\\\\\
\\\\\\\\\\\\\\\

R

d'
. \\\\\\\\\\\\\\\\\\\\\ 22y s s rrrr et 22,7, \\\\\\\\\u\x Y wwwM\\\\M\\\\\‘l w” _-I. ! /M.:d.
| A
/ .l\\\\\ - \&\h\\\\.mmm ‘J..
Vi

w_-

L L

X, Za 7/ PR il <\ !

W\\\\-\\;-\\VJ//V//‘/-N//AI/.‘AAA“A’////////’/’////?///////I < \.\\“‘“\\\\\\\\\“‘% ..
N\ k2 | A

\ ~ ™

-‘l!l

oo //A_J///////z KO A A R R R R R R R R R TR R ERS
=~ NN

LA 1Y S W s AL S g mlal day m ate s b s A e gy s e Alprser e . e . . . T . s pe o . . . N .. o . . .



CA 02283603

' G UL L L AR M P SRR AT M A b s A L) s v : 4100 Mhah TR0 01T RS s M el B | R TRA - 2l 30

1999-09-27




02283603 1999-09-27

CA

2SI

ST

L T R S S L L LTI T S s

1N DL K A [V

ARSI N LT TR T 0 MR LT S LY P

LR LRI | £ L

T

' L JAILIA + d aradhlt sy

B4 WAY =iy 1AD] den b ie

U AT 0 LA s 713 NP i i TR R 0 PR 4.1 0k L A VP PRMAMIMIIE <A N # 1w MR Mt} 3 Lrs

LAsaavtirastd

Pl L O R D A B i Ay 1 M Ao s e ! e



1999-09-27

02283603

CA

SRR TR AT S A T VA s 3 5 MITALE BTN AR b A 0 -l By DA SIPAI S HTAINNS SIS MMEHMIAC NI SR NS | LA UMAL § - S bbb s L 3L e he e 40 .



CA 02283603 1999-09-27

L- (minm

28

T

e

T EA et Al b RpR ¢ PPt ol bt 4 IR LI Ko AL AT L DRI OMAD v ¢ LI S Iy LA T AT A el A AR At s E IRl e 0 SN ra s rem e e e

A EmER e § MRS AN AP WP SPTRMMY OYA LI L1 VG NPy b SN SR IR )

30

G, - e PP AL Y 1A DR L Y LA INCA I B LN RN CATI R L e e et .. HECTR R T e = . ..



CA 02283603 1999-09-27

N

1+ 030l 0 6 27 b R A0 AL T QAR YRR MWD LIRS 5 NI LTI A - I 155 DRI NS 4 Y Nb Lidd ral aghs HAAAD indadsg s, o sMldem s st o shmpt S pbene | Mkt 24 ik o o0



N A LM el T b .

CA

02283603 1999-09-27

“--."_

MUNTTOITE L TrOsM Ut s Ak ST SRR AR ANNIEIHE (AN M) HATURIRAUAELIT FA15 W oS AT oot

PO TRAN S E L L oK AR A e died o b ey B4 2 u p PR i L Phet

wajr

P N



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings

