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ABSTRACT

This report documents studies performed to address an incident of loss of
component cooling water to reactor coolant pump internals and reactor coolant
pump motor bearings. The concern centers about the possibility of a Tocked

rotor, or instantaneous shaft seizure, occurring as a result of this CCW loss.

Test summaries and data are included in addition to, where necessary,

analytical studies.
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1.0 INTRODUCTION

Reactor coolant pump internals supplied to Duguesne Light Company for the
Beaver Valley Unit #2 power plant are equipped with a radial bearing assembly

Jubricated and cooled with water.

The reactor coolant pump motors are provided with oi1 Tubricated upper and

lower bearing assemblies cooled by an external water supply.

Concern exists over the consequences of losing the cooling water during normal

operation for 20 minutes. Both pump and motor have been reviewed with respect
to this occurrence. Of specific concern is the possibility of having a locked

rotor condition or instantaneous shaft seizure as a consequence of this loss.

Both pileces of equipment have been tested to investigate this situation. In

addition, analyses have been performed to supplement some of the test data.
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2.0 CONCLUSIONS

It 1s concluded that Beaver Valley Unit #2 RCP motors will successfully
operate without CCW flow to the bearings for 20 minutes. Loss of CCW to the
pump heat exchanger s of no operational concern and the pump internals are

capable of operating indefinitely.
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3.0 MOTOR LOSS OF CCw

Beaver Valley Unit #2 Study
Motor Description

Reactor coolant pump motors supplied to Duguesne Light Company
for the Beaver Valley Unit #2 power plant are provided with o1l

lubricated upper and lower bearing assemblies.

The lower radial guide bearing consists of babbitted steel pads
which are free to pivot. They are positioned by jackscrews and
are held in place with lockplates. The entire lower guide
bearing assembly 1s located in the lower o1l reservoir (oil pot)
which also contains an internal oil-to-water heat exchanger for
cooling the bearing. The o1l pot is an integral part of the

Tower bracket.

The upper bearing assembly contains two eight-shoe thrust
bearings (upper and lower thrust bearings) and a seven-pad radial
guide bearing (upper guide bearing). Kingsbury-type thrust
bearing shoes are used above and below a common runner to
accommodate thrust in either direction. The babbitted-steel
shoes are mounted on equalizing pads which distribute the thrust
load equally to all shoes. The shoes ti1t and allow the o1 to
assume a thin wedge-shaped fiIm between them and the
shaft-mounted runner. An o1l 11ft system provides the initial

o011 f1Im during startup. Cooling s provided by an external
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upper bearing o011 cooler. The upper radial guide bearing
consists of oY1-lubricated pivoted pads similar to the lower
guide bearing. The guide bearing runner is an integral portion

of the thrust bearing runner.

The two bearing assemblies are described by Figures 1, 2, and 3.

During operation, the friction caused by the various bearing parts
generates heat in the oi) pots. As described above, both oil pots
are cooled by heat exchangers supplied with an external cooling water
supply. Without the cooling water, the heat produced by friction

will cause the temperature of the 011 in the pots to rise.

A hypothetical case involves loss of this external component cooling
water (CCW) for a period of 20 minutes. The concern is that during
this time, the o011 temperature will rise to the point where the
bearings no longer function adequately with respect to load carrying
capability. The event postulated is that the bearing capability will
deteriorate extensively enough to cause contact to occur between
rotating and stationary components. This contact would then,
potentially, lead to shaft seizure, an instantaneous locked rotor

condition.

This portion of the report is intended to develop two points:
1. Under the conditions of loss of CCW for 20 minutes, there will be
no deterioration of motor bearing capability to the point of

metal-to-metal contact occurring.
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2. Shaft selzure or instantaneous locked rotor condition would not
be the result even if metal-to-metal contact occurs in motor

bearings at rated speed and bearing loads.

It can be noted that Y1lustration of premise no. 1 indicates that
under the stated operating conditions and over the time period
studied, the motor bearings should continue to operate with no
adverse effects. Illustration of premise no. 2 indicates that if
system transients occur either during or after the imposed time 1imit
which cause bearing film deterforation to the point of metal-to-metal
contact, the result will not be instantaneous shaft seizure.

3.1.2 Bearing Fallure

The development of metal-to-metal contact in motor bearings, whether
thrust or guice, would be expected in the form of a shearing action
of the rotating surface against the relatively soft surface of the

bearing shoe babbitt.

This condition could be created in one of two ways in the situation

studied.

1. The combination of babbitt temperature and bearing surface
loading reaches a condition such that, although an o011 film is
maintained, the soft babbitt metal begins to yleld and disrupt
the shoe surface profile. This would then be expected to cause
the bearing shoe and runner surfaces to contact. A maximum
allowable babbitt temperature would be exceeded.

2. Although temperatures in the babbitt may remain below levels
which would cause metal failure, the 011 fiIm may become smal)
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3.1.3

enough such that the required load could no longer be carried
thus causing rubbing between stationary and rotating components.
A minimum o011 f1Im thickness would not be maintained.

Beaver Valley Unit #2 Specifics

The Beaver Valley Unit #2 RCP motors were analyzed using a technigue

described in Section 3.2 of this report.

This study centered around the upper thrust bearing, the component
most heavily loaded during normal operation. Backup tests studied
all bearings, including both guide bearings. The loaded thrust
bearing is found to have the highest measured surface temperature.
This, combined with 1ts known high loading, provides the basis for
the assumption that as long as this bearing is found to be acceptable

the others will be as well.

Manufacturing drawings were reviewed with respect to developing
proper bearing geometry, heat sink sizes, and ambient cooling

characteristics for use in the analysis.

The Dugquesne Light Company and Mobil 011 Corporation were consulted
concerning the properties of the lubricant used, Mobil SHCB24. It is
important that the actual lubricant used be modeled as critical

properties may differ from fluid to fluid.

The pump hydraulics have been reviewed in order to accurately model

the bearing loading.
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3.1.4

The conditions of the study include:

1. Normal loop flow and pressure.

2. No. 1 seal operating.

3. A1) RCP motors operate under the same conditions, implying no
backflow due to one or more motors being out of service.

4. Normal speed operation.

5. No coincident LOCA or seismic event occurs.

6. Conditions of maximum ambient temperature and maximum CCW
temperatures are assumed at CCW Toss initiation.

Figure 4 indicates the predicted temperatures for o'l pot and bearing

pad for the configuration and conditions described above. Note that

the calculated curves include o1l bath and maximum pad temperatures

for a variation of +10% over the nominal design load. It 1s felt

that such a variation is pussible in this configuration. At the end

of 20 minutes, the critical parameters are as follows:

1. 011 bath temperature = 71°C.

2. Maximum bearing shoe temperature = 127°C.

3. Minimum fiIm thicknes: = .0011".

The above results indicate critical parameters of 127°C pad
temperature and .0011* f1Im thickness. Reviewing calculations for a
load of 10% increase over nominal gives figures of 132°C and .0009"
minimum fiIm thickness. These figures are felt to be within the
allowable 11mit for bearing operation under conditions postulated.
nclusion
The Beaver Valiey Unit #2 motors were studied based on analytical
techniques described in the next section. Based on results obtained
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3.2
3.2.1

3.2.2

3.2.2.1

from this analysis as well as observations made on the equipment
these RCP motors will successfully operate without CCW flow to the
motor bearings for 20 minutes, and subsequent coastdown to standstill
will occur satisfying the 1imit curve specified for this unit.

Analytical Technigue and Confirmation Testing

Introduction

A development project was devised to determine 1f RCP motors can
withstand a loss of all cooling water flow to its oil1-lubricated
bearings for at least 30 minutes and st111 exhibit acceptable

characteristics.

Assumptions for this study include:

1. No concurrent loss of pump injection water flow is anticipated.

2. No coincident seismic or LOCA event 1s anticipated.

3. The plant incident that is postulated is the loss of cooling
water flow to all RCP motors simultaneously, followed by tripping
of the motors after 30 minutes, and all motors coasting down
together, with no backflow in any loop. The loss of only one
motor because of loss of cooling water flow (with no coastdown
because of loop backflow) s assumed not to occur.

Scope

The scope of the program essentially included two major parts.
Analysis
The basis of this part of the project was the development of a
computer model which could be used to simulate the operating

characteristics of an RCP motor during the loss of CCW incident.
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The motors of interest all have certain similarities Ehat would
allow a computer model to be developed which 1s appropriate for
them all. Input was selected to cover these generic points.
Included in the similarities are:

a. Kngsbury type babbitted thrust bearing.

b. 011 Lubrication.

c. 011 bath cooled by o1l to water heat exchanger.

d. 011 bath contained within and supported by steel fabrications.

Basic calculations can be carried out for a range of parameter

sizes for the above conditions.

3.2.2.2  Test
The second major portion of the project included the operation of a
typical RCP motor in a full flow test loop, essentially under
operating conditions. Component cooling water was turned off for
various periods of time. Detailed data was taken during tests and
compared to the computer model.

3.2.3 Computer Model
The computer mode)l was the central portion of the project. Its
successful development would enable a full range of RCP motor
geometries to be simulated along with a full range of operating

characteristics.

The basis for the computer program is one of developing models of

the bearing and other functional heat producing areas and
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3.2.3.
3.2.3.1.1

3.2.3.1.2

3...3.2

3.2.3.2.1

3.2.3.2.2

introducing the methods of storing or removing this heat by way of
metal, o11, and water masses, heat exchanger capability, and heat

transfer to surroundings.

The flow chart, Figure 5, indicates the major steps in the program.

Following is a description of the major steps shown on the flow
chart.

Heat Generation

Heat generated by sources other than the loaded thrust bearing 1s
obtained by calculating friction losses developed between closely
spaced components, one rotating and one stationary. Guide
bearings, labyrinth seals, etc., fall into this category. Both
laminar and turbulent flow is considered depending upon speed,
viscosity, and clearance.

Heat generated by the loaded thrust bearing is calculated. In
addition, critical bearing properties such as minimum f1lm
thickness, maximum bearing temperature, and temperature rise across
the bearing pads are calculated.

Heat Dissipation

The heat generated by friction can be dissipated into the heat
exchanger, the metallic structures, the oil, or into the
surrounding air.

0i11-to-water heat exchanger heat transfer coefficients are provided
by the heat exchanger manufacturer.

The method of calculation assumes that upon loss of CCW initiation,
the colder water in the heat exchanger absorbs heat more rapidly

E.M. 6063
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than the relatively warm metal/ol) mass. At some point in time,
the water and metal/ol] mass attain the same temperature. From
this time on the water, o011, and meta)l masses act together as a
heat sink. They, together with losses to the air, dissipate the

heat.

When the exchanger is not operating further (water temperature

equals o) temperature) the heat dissipation is calculated as

follows:

Q = M3Cw + M2Cpo(T) + M1.1Cpc + M1.2Cps + HdelT

where

C(w = water specific heat

Cpo(T) = of1 specific heat (variable with T)

Cpc = copper specific heat

Cps = steel specific heat

H = o0il-to-ambient heat transfer coefficient (accounting for
fluid to/from metal heat transfer and heat conduction

through metal walls as resistance to heat flow).

delT = difference between o011 bath temperature and ambient

temperature.

= respectively, actual water, oil, copper, and steel masses.

XX W
— —

LS I
- -
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3.2.3.3

3.2.3.4

3.2.4

011 Temperature

011 temperature rise is calculated by accounting for the fraction of
heat dissipated into the o'l and applying the temperature dependent
heat capacity (specific heat) value.

Calculation of 011 Properties

011 viscosity, density, and heat capacity are a function of
temperature. Known values are input to the data set and intermediate
values are obtained by interpolation according to known relationships.
Motor Test

The motor test took place in three phases. First was a sequence of
tests whereby the allowable babbitt temperature would be successively
raised until a 30-minute loss of CCW was achieved without reaching
the stated temperature 1imit. This initial series of tests
constituted the first phase. The second phase of the test was
generally a repeat of the first with scme rather minor changes in
procedure. The third phase introducea significant changes in test
parameters, including an increase in the thrust bearing pressure

loading.

The test procedure included the following general steps:

1. Operate pump/motor at standard loop conditions to obtain
steady-state operating values.

2. Shut off CCW to o1l coolers.

3. Monitor test parameters for specified period of time.

4. Initiate motor shutdown. This includes a variety of combinations

of restoring CCW, initilating oi1 1ift, and deenergizing the motor.
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3.2.4.1

5. Post-shutdown test - brief tests indicating breakaway torque
(abd11ty of rotor to turn by hand with o1l 11ft provided).
6. After a set number of tests, the bearings were disassembled for

an in-depth inspection of critical bearing parts.

Phase I basically consisted of Steps 1 through 5 with CCW restored
immediately upon breaker opening and no oil 11ft used. Phase 2
repeated Phase 1 tests except Step 4 involved use ¢ oi1 11ft and no
restoration of CCW. Phase 3 consisted of Phase 1 altered to give

higher bearing pressures than normally seen on the test loop.

In addition, Phase 3 eliminated o1l 11ft upon coastdown. Step 6,
inspection, was introduced between each phase.

Test Results

Figures 6 and 7 indicate the comparison between test data and
analytical predictions for tests run at two different bearing

loadings (Phase I and Phase 3 tests).

The graphs presented include measured o1l bath temperature as well as
measured maximum pad temperature. Added to these curves are those
showing calculated 011 and pad temperatures. Calculations were made
which included a load variation of +10% to -10% of nominal. As
indicated previously, this is a reasonable estimate of the potential
load variation over design nomiral. It is noted that although pad
temperature varies with load, the o1l bath temperature s basically

unchanged over the range of load variation studied.
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3.2.95

3.2.5.1

3.2.5.2

A coastdown speed vs. time plot was developed for ea. test. Over a
speed range of interest, the coastdown curves for all tests are very
similar.

Comparisons of Computer Program to Other RCP Motor Tests

Following 1s a description of two tests which were run on various RCP
motor /pump combinations. These tests were not necessarily run with
the intention of producing a 30-minute loss of CCW situation with
heavily instrumented bearing: One case has heavily instrumented
bearings while the other has a short loss of CCW situation. In
addition, some test parameters were not measured which are necessary
for a detalled comparison. Despite the lack of instrumentation which
was used in the tests 1isted under 3.2.4, these other tests do
indicate the general validity of the analytica) techniques used.

Test #81355 (Figure 8)

This test was conducted over a 10-minute loss of CCW duration. 011

temperatures measurcd are temperatures at the cooler inlet, possibly
a bit hotter than o1l pot bulk temperatures. Maximum pad

temperatures are extrapolated from standard RTD measurements.

It 1s noted that predicted bulk oi1 temperature is somewhat lower
than cooler inlet, but this is to be expected. Pad temperatures
correlate well considering extrapolation assumptions.

Test #86760 (Alternate Lubricant Test)

The following test involves a motor run to test a lubricant planned

as a possible replacement for petroleum based oil. The interest in
this test 1ies in the fact that density and heat capacity values vary

from those for a petroleum based oi1 normally used.

E.M. 6063
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3.2.6

3.3

The motor was heavily instrumented giving good readings.for maximum

pad temperatures as well as oi1 temperatures and heat losses. This

test did not operate in a loss of CCW mode and was only used to

arrive at equilibrium conditions.

The table below summarizes some pertinent data from the test and the

equilibrium conditions predicted by the computer program.

TABLE 1
ALTERNATE LUBRICANT TEST

TEST COMPUTER
011 Temp. (°C) 53 53.9
Maximum Pad (°C) 94 91.1
Losses 128.5 KW 141 KW

Test Summary

It should be noted that the tests described in Sections 3.2.4 and

3.2.5 have
variations
referenced

Experience

covered a range of bearing parameters. Included are
in loading, speed, and lubricant properties. Figures
are located at the end of the report.

of Metal-to-Metal Contact in RCP Motor Bearings

The second

sefzure or

of two premises presented in Section 3.1.1 was that shaft

instantaneous locked rotor condition would not be the

result 1f metal-to-metal contact occurs in motor bearings at rated

speed and bearing loads.

E.M. 6063
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3.3.1
3.3.1.1

As described earlier bearing pads, the stationary load carrying
components adjacent to the rotating components, consist of a steel
block, machined to proper geometry, and coated with a layer of
babbitt. This babbitt, either tin or lead base, constitutes the
layer of material immediately adjacent to the rotating components.
The rotating components are, typically, alloy steel forgings,
significantly stronger and harder than the relatively soft babbitt

material.

There has been occasion to observe, to various degrees, the action of
the bearing under conditions of metal-to-metal contact. Included in
these instances were the tests run in association with the project
described in Section 3.2. Also, other actual situations have been
observed and studied with respect to this situation. A1l detalls
described below have occurred on full-size RCP motors

operating at full speed with bearings loaded at or above expected
operating loads.

Thrust Bearing

The thrust bearing shoes have been observed under varying

conditions. One includes the situation where the thrust runner
contacts the babbitt thereby creating a very high temperature readout
in the bearing temperature instrument. In this case, the motor is
generally shut down to determine the problem. Observations indicate
that to one degree or another, the babbitt is partially sheared away,
thus providing a plyable surface which the more durable runner
*machines” away. Under no instances has the action here caused a
locked rotor condition.

E.M. 6063
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3.3.1.2 The experience above has been carried one step further. In a case

3.3.2

where metal-to-metal contact was sensed by temperature rise, the
motor was not shut down but continued to run at rated speed ani

load. The situation continued for some time. Upon motor shutdown,
the thrust bearing was inspected. In this case, the extended
operation had caused the entire babbitted layer to be wiped away,
thereby causing the thrust runner to come in direct contact with the
steel backing shoes. Severe wear on both runner and shoes existed to

the extent that gouges up to 3/8" deep were worn in both.

Despite this very severe operation condition, the motor was shut down
and brought to standsti11 in an orderly manner. An instantaneous
locked rotor condition or shaft seizure did not occur.

Guide Bearings

The guide bearing, because it s located in a vertical machine, does
not experience the extensive loading that the thrust bearing does.
One way to obtain a metal-to-metal contact situation would be to
“starve" the bearing of o11. This situation was created on a factory
unit. The entire motor was operated at full speed with oll

effectively shut off from the upper guide bearing.

This result was severe rubbing of the guide bearing babbitt,
although steel was not exposed as in the case of the thrust bearing.
Remedia) action would have been necessary to return the runner and
guide shoes to operating condition. However, no shaft seizure or

instantaneous locked rotor condition existed.
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3.3.3 Conclusion

The above discussion indicates that even under the most excessive
conditions of motor bearing rubs, shaft seizure 1s not experienced.
Therefore, under the most extreme conditions of loss of CCW, such a

situation 1s not expected.
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4.0 LOSS OF CCW TO THE PUMP HEAT EXCHANGER

Two tests have been documented on the effect of loss of component cooling
water in a pump interna) heat exchanger. The two tests are unique in that one
resulted in an increase in the No. 1 seal leak-off up to the instructon book
maximum of 5 gpm (the seal in use was a special modified design) while the
other resulted in almost no change at all in the No. 1 seal leak-off. The
later test demonstrates experimentally the relationship between No. 1 seal
(and pump bearing) temperature and component cooling water flow rate through
the heat exchanger with normal injection flow at the normal maximum
temperature of about 130°F, steady state operation. The other test
demonstrates a worst case steady state operation with maximum allowable seal
flow and maximum injection temperature. In both cases, there is no
possibility of exceeding instruction book allowables of No. 1 seal or pump

bearing temperatures.

The test results for both tests are shown graphically in Figures 9 and 10. It
s obvious, then, that total loss of CCW to the pump heat exchanger is of no
operational and, hence, no safety concern, and the pump internals are capable
of operating indefinitely under a total loss of CCW condition per these

tests. (It is presumed that a simultaneous reduction of loss of injection has

not occurred.)

For reference, Figure 11 1s a view of the pump internals showing the position
of the pump heat exchanger relative to the other internal parts. Refer to

Instruction Book 5710-83G-A for a detalled description of RCP operation.
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FIGURE 5 ’

PROGRAM FLOW CHART
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INITIAL OIL BATH TEMPERATURE

OIL PROPERTIES:
A) HEAT CAPACITY

B) VISCOSITY
C) DENSITY
1
. 1
DETERMINE HEAT INPUT FROM DETERMINE HEAT INPUT FROM
SOURCES OTHER THAN LOADED LOADED THRUST BEARING.
THRUST BEARING.
(TURBULENT/LAMINAR)
CALCULATED CRITICAL BEARING
PARAMETERS:
A) FILM THICKNESS
B) MAXIMUM TEMPERATURE
C) TEMPERATURE RISE
4
1
N WATER TEMPERATURE = OIL TEMPERATURE Y
DISSIPATE HEAT INTO WATER DISSIPATE HEAT INTO WATER,
UNTIL JATER = TEMPERATURE OIL, METAL, AND AIR.

OIL ANL METAL, DISSIPATE
HEAT INTO OIL, METAL, AND
AIR.

1
CALCULATE OIL TEMPERATURE RISE




*
o — . —

T S—

asured oil temp.

,'_ :
|

‘ -~

I

:

nnnnn

T o

m .l

d.n 4

-4 : : : '

- I8 | B SR ﬂ

H = ”p T - - R st ¥

-8 e - —

: : . ® Xﬂ ¥ -\ ;/ w

Ve i i i .t“ “ﬂl.'.llml s .I..,l.. &

4 TP - T . : -
e § )
. . | - ®
e e =+ e e L e 8 B &

‘ . SO fra b el ;ldr% - 8 “
L] ' . » = - . -“. l.l |<. u 1
TS IR AN TR M LR TR R
T S = A rrar T2f EIEE—ars TToT T3 | W2 (EEF" -

] s e TR e O

—

v
281 122
vas el
% 2221 524 “
IEER] B b H
s
s

“ 4§ : it 35 .x.. &

2 R TR R L L

i, IR R A P AR R W
WL O PRA R e P Ry .”_/..rm

e —— ————

-

2 2

e
~

—-———— —— ————— — . — -

ON 2haiil

% " e ® -

G,L uuaésﬁ 4




e IBNIYNDIS

- s TON 3AEND

i LHH (45
/| calculated
it g o

Lukiclak

e
331 LYREY B¥°
77

|| maximum pad temp. '

it = 10% load

- ' s - > 2 LA 23T 2
B N TRt e - -
i ~ T Thee > g 4 o by g 3 HEEs o = 3
sinein At [ mﬂ - ot B @. St
- : Tge 1A% g Pl B Ay W
. i - - - — . . - rahesme B - =
a;.. I 34 | S4R _ g gl < < M m» mﬂr s P o Py ”A.'N' M v“..wnﬂl. pogra +4 1.
....... AT S R T . 'V...... R i foe - 1
[ER e Bed b g vl e wandds el - - - d - g > *!l 'l
B3] 23N DRI S S e e i PR T ol IR R o T P R el 1200 T 1
....... ttohete P - - e - - -u ‘.nlll.. R ot ol B vHu . — .
A | Aady Yied ot g 3 el s co BT - .&mx % Hopyrig¥t it o o =% .=
» s BEER2 B - -.g . e o U.Hl . — - ———— — . v-ll
. ' e 2 . . - - e e -
hnqm..mﬂﬁJ. . Rl . m.»! IMH ‘nh ‘Ivﬂ“ﬂ.lx m =+ mh.uc
e - =
D » b g » - > - o ¢ -> e o
i e B @ sl -23 132212322 S 5
e e - >+ o —
Terebhe it ege vl - -5 — - s o beh =y .w -
1 T R e Bl S A T Sk feniak oo S JEns g
SRR £X . I8 s o - e P — - -t
- - 3 & 3 ESER = = ==
ol TR T DR b o= Sich S el e s ettt W IS
| R4 545 off 41 g - © - i .'.n 54 . S5d o pe [ oed LU SR Phads fu1 (%) [oesd s s
[ LR EEE TR ‘g — e St 1 T L 2 el el and - - s
. - - - - . - .. - - — e B A—— - —
| HY L - 3 u gy - 38 et e e iyl B Bt ..M
lisi:eib s 8 8 B T3l 13 AT e oy Tyopt rrdd 1084 e St i
b - — -
Mg | o] e 3 g e elmese = p= =e pygey peoag o e R tEo] Frvs og:
BEHL 4 |} '™ uua....:xm.w IRETE etk g of et = i e o
c + sey - .. - - P . - oo e 1 .
. 7 o D > b -.A- MRS ) g b e M I
5 ) [ 7% SRl 3 . FLRE N IR T O e
i _ * bt RET Rt i G O S B S LR ] Mt A 1S
i T Toe fe ie s . e ey gy Y S : To e
| L S CTEEVLEN (3 N R o e 3 o siipans
| . A5 ~aad) . 1 4 - - ——peesfler i
1 ~ * - » P S8 el .- - -
' s 'Ll R g g Y I} 1Y
& LIEE srevs . falfeta i B\ QY R Jriitligeclie
: : - -l - L
Fei v in i Bi v o LI, ,

!
NH B

:fﬁj"'
! -
.
8"1

il

>
1T L
&

LOSS OF CCw
;]A
]
il
il B
ik
- ,:é

i
3|
IF TL’}
!:
afin
1;

-
s o W - '
e T S T,
| W : m W R N . WERE M C |
! ) - ] “eed g 'll-%llc'.lot r ——y o m- - ‘...'4- "'.]" it R Lo etie: MRSl
: A LS § ¢ L.? v et , _ N - ,
E ﬂ v : 1 _ ﬁ g ﬂ ] ‘ \
. . G g 8 . = .......-...w r lm.»lu.- 2T ol utais B !
; - \IF‘ o

mmwmm.mm.nmmmw

—— - — . ———

1
1
1
1
!
v

. GL u«:hs.ug»
O\ iteiy

L . Y i % i SHey Y. e Sy,



aft !!!

1
.

i

PO S

M
1
35 FEala ol

-

I ,
1

b

i

L g

LASR A ¥

— .-
pe et
-ro b ——
‘nr -
- —
peges
o e . -
sopgd -y b« ! -
-+ e obbed =
. SSRGS SRR Se
. -
o -~ -
2 - - - b a—
¢ e » =0 & po et > o
- o )& oo - o > - o
r<r.-~l ‘Fr. » =
OGS Sahay e - —d
v o -—
¥ b
- - b -
B - PUS Spae e e
- g j o s 4
——— “opre
e+ o g e tad
poe b+ &
- . o ¢ b
- b B2
+ v - —
4 o

(28 4 48

s Ve

measured oil temp.

maximum pad temp.
-nominal load

calculated

i1l

It

dngpand-be-

\

measured
max imum pad temp

b

TEST 81355

£

]

- LOSS OF CCw

. —

ON 3AMND

(2e) WNLVHIdWIL
NOILYHOJHO? JM1HLI23T3 ISNOHONILSIM

i aes! I

4 RETT LALEE 1E0N

i




46 1242

ber 0t g

TMPACT OF REDVUZTION IN PUMP HEAT EXCHANGER
COMPONENT COOLING WATER FlLOYW RATE ON

G TER
. m COMPONENT COOLING WATER OUTLET
TEMPERATULURES o
1 A T e T e A, X, el B Lo
| 3 : §Eg E 8 | 1 s
| ' ; T t T L 4
. == \ S IRARS - " o
e ——=Eleuse 3 B
;—- ‘QT' . il e W INLEY TEMP
i = k3
" = 3 MR A i ¢ e~ TN S B3R~ T
: < MOPIFIED NO, 1 SEAL wEANOEF—- I
5 v 3 :
; “}g 4+ —— etk PESIGN y
d : : | l
4 H i
g | o R | Fao Tl
| | : |
- : | .
s — A, TS s ! i : ——
} % , i | §
| - B NS TR Nk ]
e \L\ o MBS SR
< ’ v S §
u \
- iy T ,, TEMPERATURE
bl e 4 ' ’ — PuMP EBEAR'NG
ul ] TEMPERATJORE
t, A-‘» S SS—— — - - f-- - o —— . > - -
O et Ll STAGNATES 1N .
 F 7] mo2LLES AT ZERD i Gt
Q‘_ 1 FLOW = TEMP. HAS NO
e I MEANTNG FOR THTS
& ] TEST PoimT : - b s !
— T
" it L =
I o i _“__\__b_?__g_c_m_mn.lr__
] BT e § d '"TEMPERATORE
— 400 + + - 4 "
o o L0 o 40 0

PU———

. PUMP HEAT. umm.rww- __;

: i Py *
E.M. 6063
6-10




46 1242

"‘ JUoa 2w By e ik die "
REARIAL A AN W e

 IMPACT OF REDOCTION IN PUMP HEAT EXCHANGER
COMPONENT COOLING WATER FLOW RATE ON
' =

T AND COMPONENT COOLING WATRR OUTWET

_—

g - B | |
= : 1[
R L e R ! e o ]
: ' : |
= - - j4i 2= -
= , = | .o [
r e 4 |
_— | T‘
| : |

|~ J ,ﬂw;mw
u ) , . nmmﬂ‘uﬁ.a .
:,J |

—-~% §osr oo ceel - v — PO P BRARING
" : TEMPRRATURE

M T s TR e —— i —
e | IN NOZZLES AT ZERO |
Py —T EMP. HAS NS

N - j MEBANING + FOR T8 TERST AR
*E ! pOINT \ N
ul | :

S une st es— - \ ...... SOURPRURE:.
'--,.___,;:.c,:a¢;J:srru.l:!:___

) Eo i Uy , nn nn».-run.; |

- oo b . - 4 "
i ¢ v 4 . AR . At s
: | < il i
l | 1

5 J
sl Jam_z_.mu'huua«%m-wm_i_ |
i | L teaPM) il ol s

E.M. 6063




NO 3 SEAL

NO | SEAL
WATER LEAXOFF

NO 2 SEAL
WATER LEAKOFF

NO 2 SEAL

NO | SEAL

MAIN FLANGE

COCLING
WATER OUTLET

DISCwARGE NCZILE—

NOTE

PIPING MAS BEEN RE.OCATED
POR ILLUSTRATIVE PURPOSES
SEE DUTLINE DRAWING

vV

ACTUAL PBING LOCATION

0
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0

' MOTOR SUPPORT
” HOUSING

NO | SEAL BYPASS

MAIN FLANGE BOLT

~ ' — THERMAL BARRIER
 PRESSURE TAP
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COOLING WATER INLET

THERMAL BARRIER
PRESSURE TaAP
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