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ABSTRACT 

A centrifugal pump, incorporat ing a shaft freeze seal, was operated at the 

conditions requ i red for se rv ice in the Hallam Nuclear Power Faci l i ty . The 

pump per formed adequately at a flowrate of 7200 gpm of 945°F sodium at 150 ft 

head. A two-region freeze seal was developed and used successfully as a shaft** 

seal on this pump. Resul ts indicate that this pump could per form satisfactori ly 

in the HNPF. 



1. INTRODUCTION 

Centrifugal pumps, capable of pumping 7200 gpm of 950' 'F sodium against 

150 ft head, a re to be used for c irculat ion of sodium coolant in both p r i m a r y and 

secondary sys tems of the HNPF reac to r . Because size and capacity of these 

pumps is substantial ly l a rge r than those previously used in sodium serv ice , a 

t es t p r o g r a m was devised to demons t ra te per formance of proposed units . 

Objectives of the p r o g r a m were to t es t tw ô pumps of different design and to 

develop auxi l iary components needed. A bas i s for design of the freeze seal 

pump, and i ts associated shaft f reeze seal , was available from the r e su l t s of a 

s e r i e s of development t e s t s on smal le r pumps as well as fronn. experience gained 

in use of both p r i m a r y and secondary pumps at the Sodium Reactor Experiment . 

This repor t desc r ibes the test ing of a f r eeze - sea l punnp; included in the appendix 

is the account of the development of a special shaft freeze seal for use in this 

pump. A separa te repor t will cover work done on the second pump, namely 

the f ree -sur face type, in which there is no shaft seal . 

*R. W. Atz, NAA-SR-4336 (to be published) 
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II. DESCRIPTION OF APPARATUS 

A. PUMP 
* 

The pump used for this t es t p r o g r a m was a centrifugal-diffuser type, 

having a nominal impel le r d iameter of 30 in. Because the drive motor had to 

be mounted above radiat ion shielding, the pump was built with a ver t ical shaft 

18 ft long. Power was t r ansmi t t ed f rom the motor shaft to the pump shaft by a 

var iab le-speed eddy-cur ren t coupling. Show^n in F igure 1 a r e the motor and 

coupling housings as well as a c ro s s section of the ent i re pump. 

The outer casing of the pump consisted of an upper and lower par t bolted 

together and sealed with a seal weld. The upper pa r t of the casing w^as fabr ica­

ted of low-carbon s teel . The lower port ion of the casing was made of Type 304 

s ta inless steel; the pa r t containing the diffuser w^as fabr icated from two standard 

dished heads . 

One of the design fea tures of this pump was the removable internal assembly . 

This ent i re inner s t ruc tu re was supported by a heavy flange which mated with 

the floor plate of the outer ca se . The in ternal a s sembly was composed of two 

principal p a r t s . The upper portion, made of carbon s teel , was an annular 

container for the lead-shot shielding requ i red in p r i m a r y (radioactive) sys tem 

pumps. This shielding container surrounded the upper pa r t of the pump shaft. 

Supported below the shield container was the bear ing housing which contained 

thrus t and radia l bear ings for the pump. Immediately below the bear ing housing 

assembly was the the rma l b a r r i e r . This t he rma l b a r r i e r , constructed ent irely 

of Type 304 s ta in less s teel , supported the shaft f reeze seal , formed a pa r t of 

the case freeze seal and located the inner diffuser ring within the outer casing. 

All pa r t s in contact with sodium were made of Type 304 s ta in less s teel . The 

lower section of the pump shaft passed through the bearing housing into the 

the rmal b a r r i e r and shaft f reeze seal . The lower end of the shaft was tapered 

and keyed to accommodate the impel le r . The impel le r was secured to the shaft 

with a nut locked in place with a set screw. The impel le r and diffuser were 

the only cast ings in the pump assembly . A photograph of the in ternal a s sembly 

is shown in F igure 2. 

*Manufactured by Byron Jackson Pump Co. , Los Angeles 
tManufactured by Dynamatic Div . , Eaton Manf. , C o . , Kenosha, Wise. 
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-THERMAL BARRIER 

Figure 1. F r e e z e - S e a l Pump with 
Motor and Variable-Speed 

Drive (schematic) 



The the rmal b a r r i e r portion of the inner 

assembly Avas sealed to the outer case by a case 

freeze seal . Because this seal re ta ins sodium at 

full d ischarge p r e s s u r e , the location of the seal 

was establ ished to extract a min imum amount of 

heat and yet a s s u r e maximum protect ion against 

failure if the coolant supply were in ter rupted . 

The case f r e e z e - s e a l cooling jacket was 

mounted 10 in. above the point contacted by the 

h igh- tempera tu re sodium. The jacket was 10 in. 

long and l /Z- in . thick. A 1/2-in. -d iamete r tube 

was wound spira l ly within the jacket on a 1-in. 

pitch to give guidance to the coolant. Cooled 

te t ra l in was c i rcula ted through the jacket . 

Operating conditions for w^hich the tes t pump 

was designed were : 7Z00 gpm of 945' 'F sodium 

at 150 ft head. 

B. PUMP DRIVE AND SPEED CONTROL 

The pump was driven by an induction motor 

connected through a var iab le -speed eddy-cur ren t 

coupling (trade name: Dynamatic Drive). Show^n 

in Figure 3 a r e the motor and coupling housing. 

The full-load speed for the motor was approximately 

885 rpm; the pump-shaft speed was continuously 

variable from zero to a maximum of about 850 r p m . 

The Dynamatic Drive compr i sed a driving 

rotor mounted on the d r ive -motor shcift and a drive 

ro tor , mounted on the top of the pump shaft. 

Within an annular space in the driven ro tor was 

mounted a s ta t ionary excitation coil; power to this 

^Manufactured by EI DuPont de Nemours & Co. 
tManufactured by AUis -Cha lmers Mfg. C o . , 

Milwaukee, Wise. 



^ 

^JJ^ 

Figure 3. Motor and Variable-Speed Drive 
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coil effectedla magnet ic coupling force between the two r o t o r s . Speed of the 

pump was changed by varying pow^er input to the excitation coil . Heat developed 

in this coupling was re jec ted to a tmosphere by a blower at tached to the driving 

rotor . 

Automatic control of the input power to the coupling was provided by a 

magnetic amplifier cont ro l ler sys tem, A tachometer genera tor mounted integ­

ra l ly with the eddy-cur ren t coupling generated an a-c voltage that was used by 

the magnet ic amplif ier for regulation pu rposes . Manual control of pump speed 

was done by using a rheos ta t switched into the control c i r cu i t ry . A provision 

included in the speed contro l ler , to use a voltage from magnet ic flowmeter during 

reac tor operation, w^as not util ized during these t e s t s . 

C, F R E E Z E SEALS 

Pr inc ipa l developmental i tem within the pump was the shaft freeze seal . 

It was the purpose of this seal to prevent leakage of sodium up the pump shaft and 

to keep the cover gas out of the sodium sys tem. Exper ience with the f reeze sea ls 

installed in the punap at the SRE indicated severa l a r e a s of potential difficulty if 

the same design were used for HNPF, An improved seal was developed during 

the period that the tes t pump was being built. This development is repor ted in 

Appendix I . The seal used in this pump was a two-region seal designed to 

operate under the foUow^ing conditions: (1) bulk sodium t e m p e r a t u r e s from 

350 to 945' 'F; (2) sodium p r e s s u r e , 10 psia; (3) shaft speeds from zero to 

850 rpm; (4) inert gas p r e s s u r e in the pump case of 5 psig. The seal is i l l u s t r a ­

ted in F igure 4. 

The sodium sys tem in the r eac to r is to be cold- t rapped to 250' 'F. It was 

desired, therefore , that the port ion of the shaft freeze seal exposed to the 

flowing sodium be not colder than 270°F to minimize deposition of sodium 

oxide in the seal with the resu l tan t scoring of the pump shaft. This was 

acconaplished by maintaining the lowest point in the lower region of the seal 

at 270"F, w^hile concurrent ly maintaining the upper region at a t empera tu re 

below ZOO'F, A pump of this style also requ i red a case f reeze seal to prevent 

the flow of sodium up the outside surface of the the rmal b a r r i e r into the 
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u p p e r p u m p c a s e . T h i s w a s done by p l a c i n g a 

coo l ing j a c k e t on the ou t s i de of the p u m p c a s i n g . 

D u r i n g loop f i l l ing, s o d i u m e n t e r e d the a n n u l a r s p a c e 

b e t w e e n the t h e r m a l b a r r i e r and the p u m p c a s i n g . 

Coolan t f lowing in the j a c k e t c a u s e d the s o d i u m to 

sol idify, r e s u l t i n g in f o r m a t i o n of the s e a l . 

D. GAS S E A L AND BEARINGS 

To m a i n t a i n an i n e r t a t m o s p h e r e in the p u m p 

c a s e , a s e a l w a s r e q u i r e d on the shaft a t the poin t 

w h e r e it e m e r g e d f r o m the u p p e r f loor p l a t e of the 

p u m p . The s e a l u s e d on t h i s punap w a s a d o u b l e -

face t ype , f i l led wi th oi l which s e r v e d a s the s ea l i ng 

m e d i u m . A p u m p c i r c u l a t e d oi l to the s e a l r e g i o n 

f r o m an oil c o o l e r . The s e a l d e p e n d e d upon i n t e r n a l 

s p r i n g load ing to k e e p the f a c e s t o g e t h e r to r e t a i n the o i l . The p r e s s u r e of the 

gas in the p u m p c a s i n g had no effect upon the o p e r a t i o n of the s e a l . If a s e a l 

face fa i led , the oi l would be f o r c e d into a r e s e r v o i r be low the s e a l h o u s i n g . 

T h i s c h a m b e r would k e e p the oi l f r o m e n t e r i n g the p u m p c a s i n g . 

S t a n d a r d ba l l b e a r i n g s w e r e u s e d to a b s o r b the s e v e r a l l o a d s i m p o s e d on 

the puinp shaft . T h e s e b e a r i n g s w e r e a l l p a c k e d wi th t h e s a m e r a d i a t i o n - r e s i s -

t a n t g r e a s e to be u s e d in the r e a c t o r ( t h e r e w a s no r a d i a t i o n cond i t ion d u r i n g 

the t e s t s ) . All the b e a r i n g s w^ere p r o v i d e d w^ith g r e a s e - f i l l e d s l i n g e r s to 

m i n i m i z e e n t r a n c e of f o r e i g n m a t e r i a l s into the r a c e s . Coo lan t fo r e a c h b e a r i n g 

w a s a d m i t t e d to annu l i m a c h i n e d into the s u r r o u n d i n g s u p p o r t s t r u c t u r e s . 

F i g u r e 4 . T w o - R e g i o n 
Shaft F r e e z e Seal 

E . T E S T L O O P AND INSTRUMENTATION 

The p u m p w a s t e s t e d in a 12- in . - p i p e - s i z e loop m a d e of Type 304 s t a i n l e s s 

s t e e l p ip ing . Inc luded in the d i s c h a r g e l eg of the loop w e r e a I Z - i n . b a l l - t y p e 

t h r o t t l i n g valve and a m a g n e t i c f l o w m e t e r . An e x p a n s i o n t ank w a s l o c a t e d n e a r 

the p u m p suc t ion . The t o t a l l eng th of 12 - in . p ip ing w a s about 70 ft. A c a r b o n -

s t e e l s t o r a g e tank of 28 .000 - lb c a p a c i t y w a s c o n n e c t e d to the loop t h r o u g h 4 - i n . 

s t a i n l e s s s t e e l p i p e . 

* C h e v r o n Type OHT, S t a n d a r d Oil Co . , of C a l i f o r n i a 
t P - K P a u l Conapany 

7 



'A! 
Coolant for the sodium freeze seals (both pump and valves) and the bear ings 

in the pump was supplied by a circulat ing sys tem which contained te t ra l in . 

Coolant supply t empe ra tu r e was maintained at 95"'F for all uses except at the 

lower pa r t of the shaft f reeze seal . Both cooling c i rcui t s to the shaft f reeze 

seal were equipped with low-flow a l a r m s . If the coolant supply pump (or i ts 

standby) stopped, an a l a r m would sound, and an e lec t r ica l interlock would stop 

the sodium pump. Heat absorbed by the coolant was given up to a cooling w^ater 

sys tem through a shel l -and- tube heat exchanger . 

Nitrogen was used as a cover gas in the sodium pump, the pump loop expan­

sion tank, over the coolant sys tem, and for p r e s su r i z ing the sodium storage 

tank during loop filling opera t ions . 

Prehea t ing for the s torage tank, dra in and fill l ines, vent l ines, the pump 

casing, and loop expansion tank was done w^ith tubular hea t e r s attached to the 

piping and the walls of the ve s se l s . Loop piping was preheated by the t r a n s -

fornner heating method; a low-voltage, h igh-amperage cu r ren t was passed 

through the pipe to heat it to the des i red t e m p e r a t u r e . The loop was e lec t r ica l ly 

isolated f rom the support s t ruc tu re for this purpose . Perfornnance of this p r e -

heating method is d i scussed in detail e l sewhere . 

Conventional v a r i a b l e - a r e a f lowmeters and Bourdon tube gages were used 

in the iner t gas and coolant sy s t ems . Power to the pump drive motor and the 

eddy-cur ren t coupling w^as moni tored by s tandard e lec t r ica l m e t e r s . Sodium 

p r e s s u r e s at the pump suction and discharge were indicated by h igh- tempera tu re , 

double-bel lows-type, p r e s s u r e t r a n s m i t t e r s . The height of the sodium in the 

expansion tank was indicated by an inductance-coil l iquid-level indicator . 

Sodium flow was shown by a potent iometer reading the output from a magnet ic 

f lowmeter. All t e m p e r a t u r e m e a s u r e m e n t s were made with chronnel-alumel 

thermocouples ; those inside the pump w^ere sheathed in s ta in less s teel . 

*R. Baker and I. Villalva, "Heating T r a n s f o r m e r Pe r fo rmance , " 
NAA-SR-4532 (to be published) 

tMannmg, Maxwell, and Moore, Model 185-X 
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III. PROCEDURE 

In p repara t ion for pump performance test ing, the loop piping, pump, and 

expansion tank were filled to an appropr ia te level with sodium at 350°F. F r e e z e 

seals in the pump were es tabl ished each t ime the loop was filled, whereas the 

va lve-s tem freeze seals were es tabl ished only once, at the initial filling. After 

the loop sys tem was filled, a ni t rogen gas p r e s s u r e of 5 psig was established in 

both the expansion tank and the pump case . Because power to the seal-oi l pump 

and main drive motor was inter locked with the Dynamatic Drive c i rcui t ry , both 

the sea l -o i l pump and main drive motor had to be running before the pump could 

be driven. With these conditions satisfied, excitation to the eddy-current coupling 

coupling effected pump rotation at a speed determined by the opera tor . Sodium flow 

could be varied by adjusting e i ther pump speed of throt t le-valve position, or both. 

Heat l o s se s from the tes t loop were such that under average ambient condi­

t ions, energy t r a n s f e r r e d to the flowing sodium by the pump running at 800 rpm 

would maintain the loop at a t empera tu re of about 945"F; operation of the pump 

at full speed caused the t empera tu re to r i s e above this value. Bulk sodium 

heating above 350' 'F was routinely accomplished by running the pump at full 

speed. 

During operat ion in the r eac to r , the pump will be stopped and s tar ted many 

t imes; it will pump sodium at t e m p e r a t u r e s ranging from 350°F to 945°F. Pump 

speeds will vary f rom zero to 850 rpm. A tes t schedule (Table I) was followed 

to simulate all r eac to r operating conditions (except radiation) . Data were 

obtained so that head-capaci ty curves could be derived from the pump at the 

operat ing conditions descr ibed in Table I. Simultaneously, equil ibrium t empera ­

ture data within the pump were taken to observe the effect of the variations in 

operat ion conditions upon the shaft freeze seal , case freeze seal, and the 

bear ings . 

Pe r fo rmance of an equi l ibr ium tes t was accomplished by: 

a) Heating the sodium to the specified t empera tu re (by varying the pump 

speed); 

b) Adjusting the pump speed to the proper value; and 

c) Varying the sodium flow over the range from zero to the naajcimum 

attainable within the capabili ty of the pump. 
9 



TABLE I 

PUMP TEST SCHEDULE 

Test Number 

1 

2 

5 

12 

15 

21 

22 

23 

24 

25 

26 

32 

33 

34 

35 

36 

41 

42 

43 

44 

45 

46 

Sodium Temperature 
(°F) 

350 

350 

350 

600 

600 

900 

900 

900 

900 

900 

900 

945 

945 

945 

945 

945 

1000 

1000 

1000 

1000 

1000 

1000 

Pump Speed 
(rpm) 

83.5 

200 

835 

200 

835 

83.5 

200 

417.5 

800 

835 

851 

200 

417.5 

800 

835 

851 

83.5 

200 

417.5 

800 

835 

851 



Generally, six to eight different f lowrates were recorded during a par t icu la r 

tes t . 

Recorded continuously during each tes t were the sodium bulk t empera tu re s , 

pump bearing t e m p e r a t u r e s , and all the t empe ra tu r e s in the freeze sea l s . Infor­

mation was taken f rom these indicating (but nonrecording) ins t ruments at each 

value of sodium flow: 

Sodium pump suction and discharge p r e s s u r e t r a n s m i t t e r s 

Sodium flowmeter 

Sodium-bulk t empera tu re indicator 

Dr ive -motor kilowatt m e t e r , a m m e t e r , and vol tmeter 

Eddy-cur ren t clutch excitation voltage and cur ren t m e t e r s 

Tachometer indicator 

Change in t empera tu re a c r o s s the seal cooling c i rcui ts 

Bulk coolant t empe ra tu r e 

Coolant f lowrates to the freeze sea l s . 

11 



IV. RESULTS AND DISCUSSION 

Head-capaci ty and pump-efficiency curves a r e p resen ted in F igu re s 5 and 6 

for full- and half-speed conditions. The calculat ions and cal ibrat ion curves used 

to derive these perfornnance curves a re in Appendix I. Corresponding data 

obtained from water t e s t s pe r fo rmed by the vendor a re shown on the curves for 

comparison pu rposes . 

Although t e s t s were conducted for all conditions l is ted in Table I, e r r a t i c 

operat ion of the sodium p r e s s u r e t r a n s m i t t e r s prevented obtaining rel iable 

head and capacity data in all t e s t s . 

Efficiency curves in F igures 5 and 6 a r e for the par t i cu la r head-capaci ty 

curves shown. In other t e s t s , the efficiencies were much c loser to those 

obtained in the water t e s t s . The reason for these d i sc repanc ies is believed to 

have been faulty e lec t r i ca l -power me te r ing equipment. The total running t ime 

for the tes t was 960 h o u r s . 

The only auxi l iary conaponent that could have affected operat ion of the pump 

was the shaft f reeze sea l . The shaft f reeze seal imposed a snnall braking action 

upon the pump shaft. The power to drive the shaft in the freeze seal was too 

small to be of significance when compared to the horsepower input to the pump 

drive motor . Heat lost from the pump by the use of the f reeze sea ls was 

approximately 4.6 kw at the full design operat ing condit ions. 

Pe r fo rmance of the two-region shaft f r eeze - sea l was moni tored throughout 

the tes t p r o g r a m . Tempera tu re distr ibution along the shaft through the seal 

is shown in F igure 7. A detailed drawing of the shaft f reeze seal is shown in 

Figure 8. Very lit t le attention by the ope ra to r s was requi red , because the seal 

functioned p rope r ly with constant coolant f lowrates to both sea l reg ions . 

Operation of the case f reeze seal requ i red a constant flow of 2 gpm of coolant 

to the cooling jacket . During the tes t , readings of the thermocouples in the 

case f reeze seal were r eco rded . A typical t empe ra tu r e profile along the seal 

is shown in F igure 9. A detail sketch of the freeze seal is shown in F igure 10. 

12 
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COOLANT FLOWRATES 
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LOWER COIL 0.8GPM 
SHAFT SPEED RANGE 
0 TO 850 RPM 

11/2 - ^ - i - l - ^ -i-l - ^ 1/2 1/2 

V-

DISTANCE ALONG SHAFT (in.) 

OOOOO O 

^ 

Figure 7. Tempera tu re Distr ibution in Shaft F r e e z e Seal 

U1 



- X 

THERMOCOUPLES 
(TYP.) 

Figure 8. Shaf t -Freeze-Seal Installation and 
Thermocouple Location 

16 



1000 

800 

_ 600 

r> 
i -
< 

LU 4 0 0 
QL 

LJ 
1 -

200 

k ' 
\ 

L N 

[-

[— 

1 1 

\ 

\ 

\ 

1., 

\ 

s 

L,. i._ 1 i. 

•"-Q^ 

1 

C 3 -

1 
4 6 8 10 12 

DISTANCE ALONG SEAL (in.) 

F igure 9. Tempera tu re Profile of Case F r e e z e Seal 

14 16 



THERMOCOUPLES ^ 

COOLING 
JACKET 

'01/2" THERMAL BARRIER 

33 7/l6"DIA 

10 1/2' 

9 5/8" 

Figure 10. C a s e - F r e e z e - S e a l and Thermocouple Location 



Besides extract ing heat f romthe l / 8 - i n . - w i d e sodium-filled annulus between 

the t he rma l b a r r i e r and the pump casing, the case freeze seal retained the 

discharge p r e s s u r e developed by the pump. At no time during the test p r o g r a m 

did the seal t e m p e r a t u r e s r each levels that would indicate a fai lure. 

The gas seal operated sat isfactori ly, requir ing little attention during the 

ent i re tes t p r o g r a m . Oil in the seal (30 W tubrine oil) reached a maximum 

tempera tu re of 160°F when the pump shaft speed was 850 rpm. Because this was 

considered too high a t empera tu re , an oil cooler was installed in the circulating 

loop which reduced the maximum tempera tu re of the seal and the oil to IZO'F. 

There was no need to add oil to the seal throughout the tes t p rogram after the 

initial filling, which requi red 1.5 quar t s . 

Successful operat ion of the pump w^as aided by the t rouble- f ree service of 

the pump bear ings . During water t e s t s of the pump at the vendor ' s plant the 

bear ings were operated without coolant. During the sodiuna test ing the thrust 

and radia l bear ings in the bear ing housing were cooled with 0.5 gpm of 95°F 

coolant. (Use of coolant was mainly a precaut ionary measu re to help keep 

sodium from enter ing the radia l bearing in event of a shaft seal fai lure. ) The 

maximum (and equil ibrium) bear ing t empera tu re of I Z C F attained was at a 

shaft speed of 850 rpm. 

A separate bear ing tes t p r o g r a m w^as per formed to optimize the c lass of 

bearing fit and to verify the suitability of the grease retaining shields for bearing 

of the size requi red . Data f rom these t e s t s were used in the installation of the 

bear ings in the pump; the pump bear ings were instal led with an 0.0005- to 

0.0006-in. in ter ference fit on the shaft and an 0.0001- to 0.000-in. in terference 

fit in the housing. During this tes t p r o g r a m these bearings were run at speeds 

to 900 rpm. Although no coolant was used on these bear ings , the t empe ra tu r e s 

did not exceed 10 degrees naore than the ambient . 

A coro l la ry activity in the exper imenta l p r o g r a m was the study of hajidling 

requ i rement s of the pump. A handling fixture was built to facilitate assembly 

of the pump and for steana cleaning the iruier assembly . The handling fixture 

is shown in F igure 11a. The pump was also shipped from the vendor 's plant 

in the f ixture. Upper and lower p a r t s of the pump assembly a r e shown mounted 

in F igures l i b and l i e respect ive ly . Most of the components of the pump were 
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Figure 11a, b, c. Three Views of Handling Fix ture 
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with o rd inary slings and hooks. A special shackle was requi red to lift the drive 

motor and eddy-cur ren t clutch which were always handled assembled as a unit. 

The inner a s sembly was removed from the outer casing on two occasions , 

f i rs t to r epa i r the radia l bear ing cover, and again at the conclusion of the tes t 

p rog ram. In both ins tances the use of tapped holes for jack screws facilitated 

d i sassembly and r ea s semb ly of the pump. After the final cleaning and dismantling 

of the pump assembly , the radia l bearing was found to be free of sodium and 

the grease in s l ingers above and below the bear ing was intact. There was no 

evidence of excessive w^ear an-yplace in the assembly . 
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V. CONCLUSIONS 

Resul ts of the tes t p r o g r a m demonst ra ted that the pump was capable of 

operat ing sat isfactor i ly over a wide range of conditions. 

Pe r fo rmance of the shaft f reeze seal was sa t is factory. However, the shaft-

f reeze-seal configuration was not completely optimized. A further refinement 

of the shaf t - f reeze-sea l installat ion would have resul ted in a shor te r the rmal 

b a r r i e r and a snaaller heating requirenaent for the seal . 

The perfornnances of the case f reeze seal , the packed grease bear ings , and 

the gas seal were sa t is factory. 
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APPENDIX I 

SAMPLE CALCULATION OF HEAD-CAPACITY CURVES 

Derivation of the head capacity and pump efficiency curves a r e descr ibed 

in this section. Var iables measu red , the i r means of measuremen t , and their 

probable accuracy a r e shown in Table II. 

A sample calculation is given below. Similar calculations were performed 

for all the plotted points on the pump per formance curves . 

Taking the sodium flow as the independent var iable , the head developed by 

the pump and the pump efficiency were plotted on coordinate axes as shown in 

F igures 5 and 6. 

TABLE II 

PUMP VARIABLES AND MEASUREMENTS 

Item 

Pump shaft speed (rpm) 

Sodium t empe ra tu r e ("F) 

Sodium p r e s s u r e (psig) 

Sodium flow, read as m.v 

Pump motor power (kw) 

Readout 

Strobotac 

Thermocouple 

Manning, Maxwell 
& Moore T r a n s m i t t e r s 

Rubicon potentiometer 

G. E. panel m e t e r 

Es t imated 
Accuracy 

(%) 

1/4 

2 

2 

5 

2 

Using the tes t point of 6800 gpm flow from Figure 5 as an example, the 

other n e c e s s a r y exper imenta l data were : 

Pump shaft speed (rpm) 635 

Sodium bulk t e m p e r a t u r e ("F) 974 

Pump suction p r e s s u r e (psig) 4.1 

Pump discharge p r e s s u r e (psig) 37.0 

Sodium flowmeter (mv) 29.2 

Power to dr ive motor (kw) 8 3 



With sodium at 974°F, a flowmeter signal output of 29.2 mv equals 5160 gpm. 

The total dynamic head r e p r e s e n t s the sum of the differential head, the 

elevation head and the contract ion loss a c r o s s the pump. 

The differential head, P^, (in feet) equals the pump discharge l ess the pump 

inlet p r e s s u r e . 

P , = P , - P . = 37.0 - 4.1 - 32.9 psi 1 out m ^ 

P,(ft) = 3 2 . 9 - ^ X 1 4 4 ^ 2 ^ X 7 - ^ Ib/ft^ = 91.6 ft, 
^ ft^ ft^ ^^'^ ' 

3 
where 51.7 lb/ft is the density of sodium at 974' 'F. 

The elevation head, P^ , is the distance between the center l ine of the pump 

suction line and center l ine of the pump discharge l ine. In this instance, P ^ 

equals 4.0 ft. 

The contract ion loss a c r o s s the pump, P _ , is credi ted to the head developed 

by the pump. The pump has a l6 - in . suction nozzle and a 14-in. d ischarge 

nozzle. The contract ion head is der ived as follows: 

V^ 
^^P^ ^^"^ 2g ft/1000 gpm 

14-in. 0.0874 
0.0512 

16- i n . 0.0362 ft/1000 gpm 

The contract ion head loss , P_, at 5160 gpm equals 

0 . 0 3 6 2 ( Y ^ ) = 0.96 ft. 

Therefore , the total dynamic head is 91.6 ft + 4.0 ft + 0.96 ft = 96.56 ft at 

5160 gpm. 
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The pump efficiency is the rat io of the hydraulic horsepower developed by 

the pump to the brake horsepower input to the pump. 

The hydraulic horsepower developed by the pump is calculated as follows: 

gal 

m m 
:— X total dynamic head ft 
tin ' hp = — — f T i b — - — r j ^ ^ «p g^ °f '°^'^^' 

For the point under considerat ion: 

5 1 6 0 - S ^ x 96.56 ft ^^ '^"13 
hp = r ^ -, r - ^ ^ = 104.6 hp. 

33,000 ^ ^ ^ per hp x ^ , V ! K 62.4 lb/ft•" ' m m ^ ^ 8.33 lb 

The horsepower input to the pump is calculated as follows: 

1 J. J, • J. kw to dr ive motor . , . . , . ,, __. 
hp to drive motor = —n 74A y /v. ^ me te r mult ipl ier (1.75). 

Fo r the point under consideration: 

83 hp to drive motor = ^ _ . / x 1.75 = 194 hp. 

The drive motor efficiency was taken from vendor 's data. The combined 

efficiency of the motor and the coupling is calculated from the relat ionship: 

Unit Efficiency = Motor Efficiency x -^^—T—^ , , ^ . ' ' Speed of Motor 

Motor speed as a function of load was also taken from vendor 's data. 

Fo r 194 hp input to the motor the motor efficiency is 91.5% and the motor 

speed is 895 rpm. The efficiency of the unit is then: 

91.5 x f | f = 62.4% 



The horsepower input to the pump equals 194 x 0.624 = 121 hp^ and the pump 

efficiency becomes . ^.' = 86.3%. 

For the purposes of plotting, the flow and the head developed a r e converted 

to a constant speed, 835 rpm in this instance. The change in pump efficiency 

with speed is ignored. This i s done as follows: 

Q, Ŝ  5 

Q 2 " S 2 ' ^ 2 ' 

where Q, r e p r e s e n t s the flow, gpm at the shaft speed S, . H^ desc r ibes the head 

developed in feet at the shaft speed S., in rpm. 

Q^ = 5160 gpm X III 11^ = 6800 gpm. 

H, = 96.56 ft X (ill ^P"") = 167 ft. 1 \ 635 r p m / 

The inaccurac ies in the ins t ruments shown in Table II have a smal l effect 

upon the per formance curve . The principal source of e r r o r appears to be the 

var ia t ions possible in the 12-in. magnet ic f lowmeter . As an example, the 

flow at 5160 gpm could be 5120 to 5200 gpm.. The effect of this change in flow is 

hardly noticeable upon the head-capaci ty curve . 
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APPENDIX II 

PUMP COMPONENT DEVELOPMENT 

1. SHAFT FREEZE SEAL 

A. INTRODUCTION 

The pr incipal c r i t e r ion for sa t is factory operat ion of the shaft freeze seal 

requi red the maintenance of a constant t empera tu re distr ibution in the length of 

solid sodium in the seal under all combinations of pump operating conditions. 

This t empera tu re profile desc r ibed the location of the l iquid- to-sol id interface 

and the t e m p e r a t u r e s existing through the length of the the rmal b a r r i e r . A 

bas i s for the configuration of the shaft f reeze seal was available from previous 

exper ience in development of the freeze seal pump for the Advanced SGR P r o g r a m . 

It was on this p r o g r a m that the concept of the two-coolant-region coil-type seal 

was developed. The difference in sealing requ i rements for the HNPF lay in the 

size of the shaft being sealed, and the speed of the pump. Previous experience 

was l imited to 3-in. - d i ame te r shafts running at 1200 rpm. The shaft in the 

HNPF prototype pump w^as 5 in. in d iameter and rotated at 835 rpm. 

The sea l was requ i red to prevent leakage of sodium into the pump case under 

all normal operat ing conditions of the pump; i. e. bulk sodium t empera tu re s from 

350 to 9 4 5 ' F , and shaft speeds from 0 to 835 rpm. A value for differential 

p r e s s u r e a c r o s s the sea l was a r b i t r a r i l y taken at 10 ps i . A method of seal 

operat ion was to be de te rmined which would prevent shaft se izure at low rotative 

speeds . 

The seal was also r equ i red to prevent gas in the pump casing from leaking 

into the sodium in the pump. It was also des i red that the seal should not act as 

a cold t r a p and that it be fai l -safe in the event of coolant-flow interrupt ion. 

B. SUMMARY 

Three prototype, two-coolant - region shaft f r eeze - sea l s were tes ted under 

s imulated r e a c t o r se rv ice conditions, to deternnine thei r operating c h a r a c t e r i s ­

t i c s . Information obtained included: 1) abili ty of the seal to re ta in sodium under 

all conditions of pump operat ion; 2) heating load on seal coolant at various shaft 

speeds and bulk sodium t e m p e r a t u r e s ; and 3) t empera tu re distr ibution along the 

length of the seal under severa l different connbinations of conditions. 
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It was found that the two-region f reeze seal operated sat isfactori ly only 

when the lower of the two regions rece ived heat from the fluid (tetralin) c i r ­

culated through it. With the inlet t empera tu re of coolant to the upper region of 

the seal maintained at 95' 'F and that to the lower region held in the range of 

240 to 285' 'F, the seal functioned sat isfactor i ly for 1100 hours . 
* 

In the case where 95"'F coolant was c i rcula ted through both sections of 

the seal , excess ive cooling occur red ; this resu l ted in e i ther improper formation 

of the seal o r in se izure of the shaft when rotat ive speed was low. It was also 

found in this case that the cooling load on the seal varied direct ly with both shaft 

speed and bulk sodium t e m p e r a t u r e . The maximum cooling load of 2,56 kw 

occur red at a shaft speed of 840 rpm and -with a bulk sodium tempera tu re of 

lOOCF. 

The f i rs t two sea ls tes ted did not fulfill all the operat ing requ i rements and 

were d iscarded . The th i rd seal sat isfactor i ly met all conditions before 

being instal led in the pump. 

C. DESCRIPTION OF EQUIPMENT 

1. Test Rig 

The exper imenta l work was per formed in two success ive s e r i e s of t e s t s , 

each of w^hich is r epor ted h e r e . 

The f reeze seal t es t stand, shown schemat ical ly in F igure 12, consis ted 

of a s imulated pump case with case f reeze seal , a the rmal b a r r i e r and throat 

bushing, and a bear ing housing which supported the shaft. The shaft used was 

hollow, 4- in. ID and 5-in. OD, in the length of the seal region. An e l ec t ro ­

magnetic pump was used to c i rcula te the sodium through the sys tem, and flows 

were m e a s u r e d with a magnet ic f lowmeter . Heat was added to the sodium by a 

36-kw immers ion hea t e r . A surge tank was incorporated which could be 

p r e s s u r i z e d with hel ium gas to force the sodium into the pump case and i m p r e s s 

a differential p r e s s u r e ( A P ) a c r o s s the sea l . A g a s - p r e s s u r e reducing station 

was supplied for controll ing sodium leve in the sys tem. A p r e s s u r e applied on 

*The coolant supply t empe ra tu r e specified for the HNPF. 
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(Af) 
the surge tank caused the sodium level to r i s e into the seal . A p r e s s u r e applied 

to the pump case above the seal could be used to reduce sodium level in the seal 

or to force sodium which had leaked past the seal back into the sys tem. (Sodium 

leakage pas t the seal occu r r ed only while manipulating sodium during dra in and 

fill operat ions or while melt ing a frozen shaft seal) . The normal setting of 

p r e s s u r e s in these two chambers resul ted in the 10 ps i A P requ i red a c r o s s the 

seal . 

The t e t ra l in hea te r shown in Figure 12 was added for use during the 

second s e r i e s of t e s t s . Input power to this 12-kw-capacity immers ion heater 

was controlled by a s tep less t ransfornner . The heated liquid was piped only to 

the lower region of the shaft f reeze seal . 

2. F r e e z e Seals 

Three two-region shaft sea l s , bas ica l ly of the same design, but different 

in detail , were used in the development t e s t s . Common to all th ree was the 

design of the upper region seal , namely a 2-in. -long annular chamber concen­

t r i c with the sinnulated pump shaft. This chamber contained an axial divider to 

a s su re complete c i rcula t ion of the coolant. The lower region of the three seals 

differed and must be separa te ly descr ibed . 

The lower region of the f i r s t seal (Mark I) used in initial t e s t s (which a r e 

not repor ted here) w^as only 4 - 1 / 2 - i n . long, in which the re were six tu rns of 

1/2-in. -OD by 0.035-in. -wall s ta in less s teel coolant tubing. The six turns were 

evenly spaced over the lower 3-1 /2- in . of the seal length. 

The lower region of the second seal (Mark II) used in the f i r s t s e r i e s of 

t e s t s r epor ted he re was 6-1/2 in. long, and there were eight tu rns of 

1/2-in. -OD by 0.035-in. -wall s ta inless s teel tubing coiled around a slotted 

sleeve. The coils w^ere evenly spaced over the lower 5 in. of the seal length. 

In the case of the final seal (Mark III) used in' the second se r i e s of t e s t s 

repor ted he re , the number of coils in the lo-wer region of the seal w^as reduced 

to six. The tubing size was reduced to 3 /8- in . OD by 0.035-in. wall in o rder to 

increase the coolant velocity through the coi l s . Five of the tubing coils were 

concentrated at the bottom of the 6-1 /2- in . -long skir t , and only one turn was 

widely spaced from them in the upper pa r t of the sk i r t (see F igure 4). 
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3. Instrumentat ion 

All t empera tu re m e a s u r e m e n t s were obtained with chromel -a lumel 

s t a in l e s s - s t ee l - shea thed thermocouples r ecorded on conventional ins t ruments . 

Location of thermocouples in the seal can be seen in Figure 4, Coolant 

differential t empe ra tu r e m e a s u r e m e n t s (At) were made with differential t h e r m o ­

couples connected to a s l ide-wire potent iometer . 

Shaft speed m e a s u r e m e n t s were all obtained with a Strobatac. 

D. METHOD USED 

1. General 

Because of the number of mutually dependent var iables entering into 

operat ion of the shaft f reeze seal , a s ta t is t ical ly designed tes t p rog ram was 

es tabl ished for each of the two tes t s e r i e s repor ted h e r e . It was the a im of the 

s ta t is t ical design to optimize the number of data points to be recorded . With a 

given freeze seal in p lace , a seal was establ ished in the usual manner , and t e s t s 

were conducted over a range of shaft speeds , coolant flows, and bulk sodium 

t e m p e r a t u r e s as dictated by individual runs specified in the tes t p rog ram. 

2. F i r s t Tes t Ser ies 

a. Method. 

In this t e s t s e r i e s the effort was d i rec ted towards the determinat ion 

of the cooling load on the shaft seal . A genera l express ion was formulated for 

the heat removed from, the seal as a function of the three var iables mentioned 

in the previous pa rag raph . Data f rom tes t runs were used in a multiple c o r r e l a ­

tion (utilizing an IBM 709) which resu l ted in determinat ion of coefficients to be 

used in the express ion to obtain seal cooling loads. 

Had the seal per formed as expected, the location of the l iquid/solid 

interface within the seal length would also have been determined as a function 

of the other operating va r i ab le s . Location of the interface was taken to be 

between thermocouples which indicated t e m p e r a t u r e s spanning the 208° F value; 

in this s e r i e s the interface was always below the bottom of the seal skir t . 
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The freeze seal was es tabl ished as follows: 1) flow of coolajit (95"F) 

was s tar ted in the upper region of the seal ; 2) the shaft was rotated between 

1/2 and 3/4 of full speed; and 3) the surge tank was p r e s s u r i z e d to r a i se the 

sodium (at about 350"F) level into the sea l . Format ion of the seal was assumed 

complete when a sudden dec rease in shaft speed occur red . 

Having es tabl ished the seal , the shaft speed, coolant flows, and bulk 

sodium t e m p e r a t u r e s were adjusted to the values required- in individual tes t 

runs . 

a. Resul ts 

The tes t data indicated that the l iquid/sol id interface was always 

located in the throat bushing below the seal when coolant was c i rcula ted through 

both regions of the sea l . The total heat available from shear ing friction and 

conduction along the shaft, th roa t bushing, and the rma l b a r r i e r was insufficient 

to keep the seal molten in the lower region. (Or conversely , the cooling capacity 

of the seal was too grea t ) . No combination of conditions was obtained that 

allowed the sol id/ l iquid interface to r i s e into the seal region. This condition 

was intolerable because it brought about two situations adverse ly affecting 

pump operation: 1) at low shaft speeds the ex t ra length of frozen sodium resul ted 

in shaft se izure , and 2) the f r eeze - sea l section acted as an oxide cold t r ap 

result ing in scor ing of the shaft. 

The pr incipal r e su l t s of these t e s t s a r e shown in the typical curves 

of F igu re s 13 and 14. Curves A, C, and D of Figure 13 show that the t empera ­

ture was essent ia l ly constant through both regions of the seal . The separat ion 

between curves A and B is due to the different in coolant flow, that between 

A and D is due to frict ion heat generated by shaft rotat ion, and that between 

A and C is the sum of effects occasioned by shaft rotat ion and bulk sodium 

tempera tu re differences occur r ing at the ex t r emes of operat ing condit ions. A 

g rea t e r coolant flowrate yielded a t e m p e r a t u r e gradient , curve B, though the 

slope was not a s grea t a s des i red , and the t empera tu re was low enough to resu l t 

in shaft se izure when the shaft speed was reduced. 
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Cooling loads were calculated using the equation shown below. The 

resu l t s of these calculat ions show the cooling load on the shaft to be l inear with 

shaft speed and to inc rease with the inc rease of bulk sodium t empera tu re s 

(see Figure 14). The sample calculation below was made for approximate 

HNPF design operat ing conditions. 

HR = AT^, . + DS + C,,, + D, NA Wc ' 

where 

T „ . = sodium bulk t e m p e r a t u r e , 1008"F 

S - shaft speed, 835 rpm 

Wc = coolant flow ra te ; 0.48 gpm (lower region) 

A, B, C, and D constants . 

HR = (1008 X 0.0953) + (840 x 0.1197) + (0.48 x 57.2186) + (-78.461) 

= 145.85 Btu /min 

, B tu /hr 60 X 145.85 ^ ^, . 
^ ^ ^ 3413 = 3413 = 2 . 5 6 k w . 

c. Discussion 

In all previous use of two-region freeze sea ls , as well as in all runs 

of this t e s t s e r i e s , coolant at a t e m p e r a t u r e well below the melting point of 

sodium was supplied to both regions of the seal . The combination of the the rma l 

b a r r i e r , throat bushing, hollow shaft, and seal configuration used he re resul ted 

in excess ive cooling, too grea t a length of frozen sodium, and ultimately in shaft 

se izure . In considerat ion of the severa l r emedia l actions that could be taken, 

it was suggested that the t empe ra tu r e of the coolant to the lower region of the 

seal be increased above the melt ing point of sodium. This idea was adopted and 

led to the next s e r i e s of t e s t s . 
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3. Second Ser ies 

a. Method 

An i m m e r s i o n hea te r was added to the coolant sys tem so that the 

t empera tu re of the fluid c i rculated through the lower seal region could be 

automatical ly maintained at about 250°F. Because heat was added to the lower 

seal region, while being removed from the upper region, the p a r a m e t e r of 

cooling load on the seal was no longer of any concren. Therefore , the s ta t is t ical 

design of t es t s for the second se r i e s was d i rec ted toward establishing the loca­

tion of the l iquid-solid sodium interface under the range of operat ing conditions 

previously stipulated. An express ion rela t ing interface position and operat ing 

var iables was establ ished, data were co r re l a t ed to obtain proper coefficients, 

and tes t sequences for obtaining optimum coolant flows and t empe ra tu r e s were 

establ ished. 

The initial effort in this second s e r i e s of t e s t s was to es tabl ish the 

optimum flows n e c e s s a r y to maintain the seal under widely varying conditions 

of operat ion. The l imi ts of operat ion were taken to be 0 to 835 r p m and 

450 to lOOO'F. Flow to the lower region of the seal was fixed at 0.2 gpm and 

the t empera tu re at 280*F, while operating at maximum shaft speed and bulk 

sodium t empera tu re (835 rpm, lOOO'F). By varying coolant flow to the upper 

region, it was de termined that 5.8 gpm of 95°F coolant was requi red to keep 

the sodium frozen in the upper region of the seal under these conditions. Next, 

the flow to the upper region of the seal was fixed at 5.8 gpm while operat ing at 

minimum shaft speed and sodium t e m p e r a t u r e (0 rpm, 450°F). By varying 

the coolant flow to the lower region, it was deternnined that 0.8 gpm of 

240 to 285"F liquid were requ i red to keep the lower region of the seal at 270°F 

under these conditions. Since 5.8-gpm te t ra l in flow was requi red to keep the 

upper region frozen at maximum heat conditions, and 0.8 gpna of coolant was 

sufficient to keep the lower region molten at min imum heat conditions, it can 

be seen that this combination of flows and t e m p e r a t u r e s a r e adequate for a l l 

conditions. Having de termined the n e c e s s a r y f lowra te / t empera tu re conditions, 

additional t e s t s were then per formed to de termine the location of the l iquid/sol id 

sodium interface over the full range of coolant f lowrates to the lower region, 

shaft speeds , and bulk sodium t e m p e r a t u r e s . 
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O p t i m u m o p e r a t i n g cond i t i ons fo r t h i s t w o - r e g i o n sea l w e r e conc luded 

to be a s fo l lows : 

1) A f l owra t e of 5.8 g p m of 9 5 ' ' F coo lan t should be suppl ied to the 

u p p e r r e g i o n of the s e a l . 

2) A f lowra t e of 0.8 gpna of 240 to 2 8 5 " F l iquid should be supp l ied to 

the l o w e r (coi l ) r e g i o n of the s e a l . 

3) The t e m p e r a t u r e a t the b o t t o m of the s e a l should be m a i n t a i n e d 

a t 2 7 0 ° F . (See c o m m e n t s about t h i s unde r the s e c t i o n on 

d i s c u s s i o n . ) 

The h e a t e r in the coo lan t c i r c u i t -was c o n t r o l l e d by a s igna l f r o m a 

t h e r m o c o u p l e in the l o w e r r e g i o n of the s e a l . A s the bulk s o d i u m t e m p e r a t u r e 

o r shaft s p e e d w a s i n c r e a s e d , the t e m p e r a t u r e a t the b o t t o m of the s e a l i n c r e a s e d 

T h i s i n c r e a s e in t e m p e r a t u r e s i g n a l e d the s t e p l e s s t r a n s f o r m e r to d e c r e a s e the 

l iquid in le t t e m p e r a t u r e . The r e l a t i v e l y lo-w t e m p e r a t u r e of the i n c o m i n g l iquid 

t hen r e d u c e d the t e m p e r a t u r e a t the b o t t o m of the s e a l unt i l the s y s t e m r e a c h e d 

a new e q u i l i b r i u m . 

b . R e s u l t s 

R e s u l t s of t h e s e t e s t s a r e p r e s e n t e d in a s e r i e s of c u r v e s ( F i g u r e 15) 

wh ich i nd i ca t e the l oca t ion of the l i q u i d / s o l i d i n t e r f a c e at v a r i o u s o p e r a t i n g 

c o n d i t i o n s . O b s e r v i n g F i g u r e 15, it m a y be s e e n tha t a t nnax imum d e s i g n 

o p e r a t i n g cond i t i ons it i s p o s s i b l e to o p e r a t e the s e a l w i th no l iquid flow to the 

l o w e r r e g i o n of t h e s e a l . H o w e v e r , if the s e a l w e r e o p e r a t e d in t h i s m a n n e r , 

and the p u m p s p e e d o r s o d i u m bulk t e m p e r a t u r e w e r e r e d u c e d , i t would be 

n e c e s s a r y to r e e s t a b l i s h l iqu id flow t h r o u g h the l ower r e g i o n of the s e a l . T h i s 

r e l a t i v e l y cool l iquid m i g h t c a u s e f r e e z i n g of the s e a l s o d i u m and p o s s i b l y r e s u l t 

in shaf t s e i z u r e . 

The c u r v e s in F i g u r e 15 w e r e b a s e d upon a n equa t ion ob ta ined f r o m 

s t a t i s t i c a l a n a l y s i s of the d a t a . The s a m p l e c a l c u l a t i o n be low w a s m a d e a t 

a p p r o x i m a t e H N P F d e s i g n o p e r a t i o n cond i t i ons : 

X = AS + BT + CQ + D 
na c s 
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COOLANT FLOW 
UPPER REGION 5.8 GPM 95<*F 
LOWER REGION 0.8 GPM 
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Figure 15. Liquid/Solid Sodium Interface Location for 
Mark III Shaft F r e e z e Seal 



where 

X = location of the l iquid/sol id interface below the flange (in. ) 

S = shaft speed, 835 r p m 

T.̂ j . = sodium t e m p e r a t u r e , 945*F 

Q = liquid flow to lower region, 0.8 gpnn 

and A, B, C, and D a r e constant. 

Thus 

X = 3.7128 - (0.001661 x 835) - (0.001436 x 945) - (1.1261 x 0.8) 

= 0.068 in. f rom the bottom of the flange. 

E. DISCUSSION 

It was found that the seal would opera te sat isfactori ly over a wide range 

of pump speeds and sodium t e m p e r a t u r e s with a fixed coolant flowrate to both 

regions of the sea l . It was necessa ry , however, to provide a source of heat to 

the loAver region of the seal in o rde r to obatin sat isfactory performance at 

conditions of low shaft speed and low bulk sodium t e m p e r a t u r e s . At these 

conditions, the heat generated by shaft rotat ion and that heat conducted to the 

seal f rom the bulk sodium was insufficient to keep the sodium molten in the lower 

seal region. 

As previously stated, a thermocouple at the lower end of the seal skir t 

signaled the control unit of the liquid hea te r ; the set point for this constant 

t empera tu re at the bottom of the seal was 2 7 0 ' F . This 270°F value was chosen 

in o r d e r to ensure molten sodium within the length of the lower region of the 

seal and to be above the cold- t rapping t empera tu re of the loop. It was observed 

that for any given set of operat ing conditions the solid-liquid interface was 

forced to remain at a given location. An increase or decrease in ei ther shaft 

speed or bulk sodium t empe ra tu r e caused this interface location to r i se and fall 

within the seal annulus. Because the frict ion heat of the shearing sodium varied 

with the interface position, the heat input to the liquid for the coil region varied 

also, resul t ing in the range of liquid inlet t empe ra tu r e s indicated in the second 

condition specified under opt imum operat ion. 



The scheme of heating the fluid c i rcula ted through the lower seal region 

was demons t ra ted to provide a very adequate, controlled, and stable operat ing 

seal . The p rob lems of shaft se izure and oxide cold trapping in the seal were 

effectively el iminated by this operat ion. 

It was also observed that a differential p r e s s u r e in the excess of 15 ps i 

could not be maintained a c r o s s the seal . At g rea te r differential p r e s s u r e s gas 

would leak into the flowing sodium. 
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II. CASE FREEZE SEAL 

The construction of the shaf t - f reeze-sea l tes t stand was performed to pe r ­

mit simulating conditions to be encountered in the punap. The outer casing of 

this tes t stand was equipped with a c a s e - f r e e z e - s e a l cooling jacket that was 

duplicated on the f r eeze - sea l pump. It was with this prototype case freeze seal 

that the cooling requ i rement s for the seal on the pump were established. 

The only difference betw^een the service requ i rements of these case seals 

was the p r e s s u r e to be contained. In the pump this p r e s s u r e went to near ly 

70 psig while the f r eeze - sea l t e s t - s t and p r e s s u r e did not exceed 5 psig. 

Tempera tu re distr ibution data and cooling requi rements of the case freeze seal 

on the tes t stand were duplicated during operat ion of the pump. 

IN. GAS SEAL 

Maintenance of an iner t gas a tmosphere within the casing of the pump 

requi red a gas seal for the pump shaft. This seal was to maintain a helium gas 

p r e s s u r e of 5 psig at 70' 'F whether the pump was running or not. An additional 

requ i rement was that no foreign mat te r be permi t ted to enter the pump either 

through or from the sea l . 

The original concept for the gas seal was a lea ther - l ip seal running in castor 

oil over a 5-in. -d i ame te r shaft. Ea r ly in the testing of this seal assembly, 

sufficient l ip - sea l fa i lures occu r r ed to wa r r an t abandonment of the design. 

However, the suitabili ty of the oil b a r r i e r concept of a shaft seal for gas was 

establ ished. 

A new seal a ssembly was built using magnetic face-type seals to hold the 

sealing oil . This seal , shown in F igure 16 was operated for a total of 6500 hours 

at speeds from 300 to 1180 rpm. During this period the seal successfully 

contained helium gas at 5 psig and 70 ' 'F . The seal was also subjected to a 

cycling tes t condition. 
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LABYRINTH 

Figure 16. Gas Seal with Magnetic Faces 



During the tes t s of the seal , efforts were made to measu re helium leakage 

past the seal faces; no leakage was found, even when using a m a s s spec t romete r . 

There was a smal l amount of oil leakage during the f i rs t 50 hours of operation. 

This leakage stopped after the faces became seated and did not reoccur during 

the tes t . 
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