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Abstract

Detailed data were nhtjin^il for the world's
first hiijli-tcipt-raturt.' two-phase 1 io;ukl-i el j I
MHD generator under open-circuit condition.
Both single-plMse (sodium) a m twu-ph<>.sf' (sodium
and nitrogen) flows were used in the temperature
range of ~1JO to ~74U K. The data presented
includes pressures, volt-^qes, end slip ratios
(ratio of CJJS velocity to liquid velocity). The
two-phase pressure-gradient c'atj were predicted
well by a simplified two-phase V.W) corr" I -it ion
that includes the effect of a pure-liquid shunt
layer between the electrodes. Ihe slip ratio is
Shown to decrease with increasing tempera-"re,
implying higher generator and system effirien-
cies; this anticipated result was a prirre reason
for perforning these experiments.

I_. _!_ troduction

One q f t h e most critical steps in demon-
strating- the technical feasibility of the I.i-'.MHI)
(liquid-"Stal nii'j) concept is to test a l.l'.XHi)
generator at near-actual cycle conditions, in
particular, at or near operating temperature.
In addition to showing that a high-temperature
LHKHD generator can be built and operated
successfully, such tests will hopefully verify
an anticipated increase in generator performance
with increasing temperature (due to a decrease
in slip ratio, i.e., the ratio of gas velocity
to liquid velocity). The 1978 test results
utilizing the world's first experimental high-
temperature two-phase 1 K"H0 generate*, which
was desiyned, fabricated, and tested at Argonne
National Laboratory (ANL), are presented herein.

Detailed data were gathered under open-circuit
conditions for both single-phase (sodium) and
two-phase (sodium-nitrogen) flows in the tem-
perature rortge from --1&0 tO"7<'.0 K. The
generator operated at elevated temperatures for
a total of 3?5 hours, including nine complete
thermal cycles.

In Section II the facility and generator
used for these tests are described briefly. The
test conditions end instrumentation are presented
in Section III, and the generator pressure gra-
dient and electrode voltage results summarized
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The experimental facility was constructed in
part with funds from the Office of Naval Research
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in Sections IV and V, re,;-f • t ive ]y. The slip
ratio findings, wh K h i:;ply ,i'i increase in
generator efficiency with tv; perdtiire, jre
di scussed in Sect iuti VI.

II. The fjiility -:nd O'-'v-rtlor

The high-teir'p.-r.rjjre sod 1 ,:.i-nltrcqen IM!-'H;'
facility used for t'.e'.e I.",".!.1., cj<-',crib-d
elsewnere, [iroviflei prescribed f!ov,s of liqu;a
sodium fdesign flew r-ite of ?b k'j/s -it 0.79 '-'''a
absolute (115 psia) at 81!i Ki .:nd g.j'.eous nitro-
gc-n [design flow rate "f O.ld !:'j/s ;t 1.03 !•'.?,:
absolute (1-JO p-.i:i) •••'. K10 K] ,:t ti'irpprdture-,
from ~ASO to -tilO K (~400 to - l U L O V ) . Th<?
sodium and nitrngen iir» nixed, passed through
the test-section (i.e., generator) duct in tne
presence of transverse matjietic flux densities
of up to 0.9 T, and then s-.-parated. The sodium
is recirculated by an electromagnetic pump, and
the nitrogen is vented to the jtrosphere after
removal of any traces of sodium carryover.

The first experimental high-temperaiurv
L'-'.WIU generator, HI-1, the largest generlor
employed to date in ANL's generator progrrf, is
shown in I ig. 1. It was designed to have a
power output of approximately ?0 kWe, and lias
approximately a four-t irncs- greater cross-sec-
tional area than previous (ambient-te.Tpr-rature)
generators. (For a comparison with other A M
I.MMHD generators see (Fig. 1 of the companion
I KMIID generator paper.3) ihe generator (Fig. 1)
is basically a linearly-tapered, rectangular,
thin metal duct, with a 10.?-cm (1.0-in.) uniform
electrode spacing and a voiiable insulating wall
spacing of 5.1 to 6.9 cm (2.0 to 2.1 in.). The
flow area cross section thus increases along the
flow direction so as to maintain a constant
liquid velocity of 15.24 m/s (50 ft/s) at the
design conditions and, hence, a constant
electrode voRoye throughout the length of 1h<
generator. Because no insulator compatible wi*'•
iiigh-velocity, high-temperature sodium is
readily availalbe, the flow channel walls are
fabricated from type 304 stainless steel. The
duct wall is made as thin as structurally
possible to minimize shorting current losses.
The 10.2-cm (4-in.) channel side walls perpen-
dicular to the magnetic field are 0.020 cm
(0.008 in.) thick, and are electron beam welded
to the 0.051-tm (0.0?0-in.) thick electrode
walls. The heavy copper electrodes are brazed
to the latter walls. Structural backup is
provided, as shown in Fig. 1.

III. Test Conditions and Instrumentation

The objective of these high-temperature
LMMHn generator tests was to establish the
baseline performance of the generator over the
temperature range of approximately 500 to 800 K.
These tests were conducted under open-circuit
conditions, i.e., without the generator's load
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f - r . * o r o f a b o u t h.:J. i ' 1 - - s r i r r ! , : r / • ,.' : . i s w - ; S
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i • * " r s .

T h e g e n e r a ! 0 1 i s ! - - i / i l y i n s t n , : • • n t f - d f o r
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f.Mid.iCt inq w a l l s , i: ;s < • .< n - s p " n ' V d t o •: load
forl.or of a b o u t r ; . ' j / . H i " p r i m a r y •• ;.iir,is w a s
o n t h " i n v e s t i g a t i o s of t'.';;i"r:t'jn- --ff.-cts, in
p - j r t K u l a r , v a r i a t i o n s in s i n g !e-[ib:'." -.n'I
t.v.o-ph.ise p r e s s u r e -:•-v! i.-nls, Vfiltn.'-s, -Mid s l i p
r a t i o s w i t h t e m p e r •:' s n - ,:nd oth.-r v/st":-i p u r a -

Ttie generator is lr-.:,Mly instr-.' "M.'-d for
operation and data-dCiu is i t ion purpo.",.
1 liirty-sev ;i syst e"i p :r -:;•-- t.frs — ] no I ;•! i i"j
t"::'p"r,]f.ures, pr"ss'K'">, flow r a t e s , vo 11 *'(<_",,
m a g n e t i c f l u / d'Tisity, and void f r-io' i' n .--re-
q u i r e d for gener-j'-or fi -r t urm<i(trjt r;n.j 1 y, i -,, in
ad d i t i o n to 13 oth.--r s y s t e m M o n i t o r p .'r.r.'-ters,
w e r e r.easured, s c a " i f d , .:rid stored h/ !.i.-"
f a c i l i t y d a t a a c q u i s i t i o n syst"!ii d u r i n g .-.icl.
e r p e r ir;:ent a ! rue. if.'1 pre'j'.ur^.. fj i f f ..̂ ..rir.-- along
the tf-st sec^ w--s i'-'isurc-d w i t h •.<-i-n [ir"ssure
tr.msdur.ers '.pac.;;! d!r..'.'n o n e g"n"r-:lor "b.-ctrodo
w a l l . T h e inl"t <]•.•, p r e s s u r e w.-s ;; on i t or.'-d w i t h

liquid and gas ti-ii|i-r at ur.-s tiy ni".:ns of I h.--rmo-
coufyles located b*.t.w".'n thr- rjut"r pip-'- v. 111 s and
the piping insu l-;t. i^n. '-".ass flow t o t " , f;iid
m i x t u r e q u a l i t i e s w r r .. ilculated f n - i M,t-
v o l u m e t r i c flow r a t e s i;:easured by th>- r.-s;i"ctive
liquid (electroN'-njuet. ic) and gas f i( ,•....••! ••c,, the
p r e s s u r e s , and the l.-Mp'1:'.i!.ur"S . "• t i .risverse
m a g n e t i c field along b'l ur, {22.'i"i in.) of
the a p p r o x i m a t e c e n t e r region ot H i " gwi'-rator
w a s p r o v i d e d by a' ric iron-core e l - T l n -i r|iir-t,
and tlr.' flux d e n s i t y w a s di-termin^d by ; ".ins of
t h e v o l t a g e d r n p acrtiss the calihra'r-d current
s h u n t . V o l t a g e s al'.nq tti" p o s i t i v e .-.nj ir-gative
elertrorles w e r e ;n"a'.:ired by m e a n s of five v o l t a g e
t a p s along each ei.-r trod.'. fhuli'j'. I/O n.n-na-ray
sources were utilized in conjunction with
detector/counter insli ument ation to (i^temiine
the void fraction profiles at three stations
along the generator a>:is.

The standard estimates of error for para-
meter values within the operating ran"" were
soJiurn mass flow rate, 3.1%; nitrogen n-iss flow
rate, 5.1%; temperature, 0.5%; pressure, 3.5%;
magnetic fhix density, 0.6%; wall voltage, 0.1%;
and average void fraction, 13.8%.

A total of 14 single-phase (sodium) and
32 two-phase (sodiun-nirogen) tests were con-
ducted over a range of sodium mass flow rates
(14 to ?8 kg/s), nitrogen mass flow rates (0 to
0.4 kg/s), average magnetic flux densities (0 to
0.9T), and temperatures (190 to 735 K ) .

IV. Pressure Measurements

Pressure Profile

The resultant pressure-gradient data for
all single-phase florfs correlate linearly with
the magnetic flux density squared. A typical
display of the influence of magnetic flux
density, B, on the pressure profile along the

gener.i'.'.r is "'n-i :n T i g . '/ for dita cljt i i r-"d

lf-ngtn, .-•- '<-.'.,•- 1 of • .g. /, <,-, <-/p;-,_*<..]
b'-ccus-.- tp •- o i ̂ -f,-j,ij- oi th.~ cri^r.nel r e q u i r - s
thdt t n - ,-• .city decr".r.". For B / 0 , the
sharp d'-'.r'-r.e in prc-i,r..r'j r ;- :r tr.e g e r e r ^ L o r
i n l " t , '•--, •r•• :v••••', to t ! - s!":'it d e c r e a s e or e v e n
i n c r e a S " ['.•:<• F iq. I 'i '<•','-.'.. 3j n e ; r t h e e / i t .
F i g . ? , is ' '•• -.< -icter is*, is r.f ;. jre- i iqu \i ','r'J f l o w
in a di v-rq l r.q-.ir'M C". :rr..-l. Tr.i', pn.-ss'jr.>
p r o f i l " i. '.'.- r—.-i\\ o' r.ir-j! .-• i.s-v (i.rre.'ts

fiijtnpiri'i r-:>:r Vn- e / i t .

A t y o i c j l d i s p l j y of t h e i n f l i j ^ n c e o f
m a g n e t i c f l u x d e n s i t y .jrn] ' . o i i - y i .^dss f l o w r a t e
on t h e p r e s s u r e p r o f i l e f o r -• c o n s t a n t n i t r o g e n
mass f l o w r a t e i s shown i n [ i g . 3 . For l owe r
m a g n e t i c f l u x d e n s i t i e s , cases 2 and 5 , t h e
g e n e r a t o r p r e s s u r e di f fe.-e. ' ic- ' : i s r a t h e r l o w . As
t h e f l u / d - o s i t y i s i n c r e . j s ' c i , cases 3 arid •'.,
t h e p r e . s ' j n - d i f f e r e n c e h . :o ' / . ; s l a r g e r , Lu t i t
i s s t i l l r f - l . j t i v e l y l ew , as t y p i c a l r o r t h e
o p e n - c i r c j i t c a s e . I n c n - d s i n q t h e sodiu'r . i i dss
f l o w r a t e b u t m a i n t a i n i n g i c o n s t a n t r s o r . ^ t i c
f l u x di-ns' .y ,:r:d n i t r o g e n rruss f t o w r a t e y i ' - i d s a
s l i g h t insr " - - .se i n t he g - rn ' - rd to r p r e s s u r e
d i f f e r e n c e , as shown dy ca' .es 3 and 4 . For
c o n s t a n t sosMini ;nass f l o w r . - t " and t e m p e r . j t u ^ e ,
t h e g . - n " r d t o r p r e s s u r e d i f f i - r " i c e i n c r - d S " ' , w i t h
i n c r e a s i n ' i d^r-n ige v o i d f r a c t i o n , as i 1 l u . t r - i t r . r j
i n F i g . '',. l h " g e n e r n t o r p r e s s u r e riiff"r"':n.
was [ i m p o r t i o n a l t o t h e srj.j-:r>- of t h " r,.:O'.'."t i c
f l u x t l i - n s i t y f o r d lmos t a l ' of t h e ' w o - p h r . "

Two-Ph-'.s-- C o r r ' - l - i t i on

P r e v i o u s two -phase prt- : ,su'-p g r a d i e n t d :! i
g . i t l i r r e r ) ^ t ,'..'(| f o r Loth c i i s i / l a r a i d rc-f ' .". .nisi
t e s t - s e c t i o n g H o i n - t r i e s have c o r r e l a t e d c a u l . -
s u c r f s s f u) )y w i t h t he [>i i ••' ic ' inn'- A <•. twr i - f .h- j ' .e
HHI) p r e s s u r e - g r a d i e n t r rodel /• >'"• •'-* T h u s , t h - -
mode! wr, e x t e n d e d t o f i t a ! rl.'-'HD <;-II'T,: [ w r w i t t
v e r y t h i n , c o n d u c t i n g w a l l s between t h e e l - - c -
t r o d e s tind o p e r a t e d under o p e n - c i r c u i t c o n r i i t i j n s .

f t i r a rc-i.'. .Tigyiar geir r::tor g'.o:,-.etry -,-,• 1! I
the Mart- .i'ln i.uilici '.•>"! in. , r.oriel pred ic t 1 .
tha t the two-phase normalised res is tance c o e f f i -
c i en t , J j , , , is re lated to thr two-phase
l l a r t i o a n n [ . - i . - l . - r , M1 ( _ P r y n o l r 1 - . nun' ! j ( - r# F i i - j j . .
and c o n d u c t i v i t y t at. i 0 , ' " i n , by

2 M rp + 1

IP f l )

where

\M=0

TP r'uTP
M-0

Ap/£ is the pressure gradient, P. tlic distance
between the f i r s t and last pressure transducers
(approximately equa) to the generator length),
and dh the average channel hydraulic diameter.
The values for Mrp, Rerp, and <Tp are calcu-
lated assuming the two-phase l iquid velocity
given by



u =• u s / M - "".)
TP

"TP

r - f f . - t r i c k - j n i ! • • • • ' • • , f h . - r - i ! - - M . ; t

a ' . - . - r . i - j e v o i l f r . " . t i - : i [ i i . - j i i ' - t i . t - .

l i q u i d vfcloi. 1 ty . TI. is ,

KTp = B d h [-' ' - x p ( - l . ' J \)

v ;:
dU'i

pP = . ! * ! ' h . . _ i . .

(3)

(5)

(6)

w h e r e li i s t h e . w e r - i c e n i a q i H - t i c f l u x < : - n - , i t y ,
a n d ( i , - j , a n d ;, a r e t h e s o d i - . 1 ! d-.-r- . i t y , e i - - r . t r i r . i l
c o n d u c t i v i t y , ori f ! d b s o l u t e v i s c o s i t y , i " ,p- - * - t w i - l y .

t h e t w o - p h i s e c o n d u c t i v i t y i i i t i o i s

wh<-re

R i .7P , -
e /p( -3 .8

i ' , t h e t w r j - p . ' i . : - , ' : 1 : .11-rna 1 i ••'•. i : , t ' ! ' • ( r , n t i n
e l e c t r o d e s p j i r i ' i , ,-.; A w t h f - ,-.j'-r,:•;•; ch_-rni>-')
t i c - i g h t p a r - i l l ' 1 t f i •:. Tli ' .1 i ' - r ; . i i v . : l - "T . t r / ' - r n - i l
r e s i s t a n c e . - , f t . - . / t . . i ' ' ^ e r ' u r a l 1--1 cr.d.f; i r i . i t i c in
Of t h e v e r y f i n - C V i C u r . t i r ; ' j w - : l l s ,

R •-• - " -

and t h e 1 i q u i d - r - ' . t .a] shunt l a y e r , '

(10)

w h e r e ~ ~ s i i s t h f •• t •; i n l e v •'-•'• i • - . - j ,

t the conducting wall thirkn-'.s {U.U'/') en), and
<? the shunt l^yer thickness. The shunt layer
thickness has been shown by l.yko'jdis0 to be

,, "?/3

Note that w is the upper limit to the shunt

layer thickness (it could be less) and that thr

end resistance Ren,j was not included in Rext

as the data fit very well to the theory. Ihe

contribution i.( Kr,nd is les:. t'...r t ••;• i:: cer-

tainly in Rsri.

The two-phase normalized resistance coeffi-

cients from the pressure-gradient data are

compared with the theoretical predictions in

Fig. 5. The least-squares fit of the data

agreed quite well with the theoretical prediction,

to within 20% (correlation coefficient = 0.85,

standard error of estimate = 0.09).

V . V n l t j _ . - ' .

F n r a l l '. i ' . ' ; • - • - ; ; ' •.:•,*• ! . : : • • • . ••• -•-. i n - . - J , t t i - ?

e l e c : - n ! t v . ' ' • . - - ' • • " • • ' • ' ; • " • ; • • •< J - = 1 i y p r - . - p ' - ' t

t o t h - I M - . I - • • ; : ' . . . • . : • • ! ' , . • : .: • -. '•-. v , - i I t . - . . -

I r n , » t i ' n i , i h - - . ' I ' . : - , - J - - • ' ' ' • . : - j f ' I P i . ' / l " ,

l u ) K ' ' . - ^ l - r , c i h l ' t ' - : " i ' . t i : : - • ' " ' V . t - i ' p * r

v e l o c i t y - : ! > • ; < • •• - • • - i l i - ' i . ) f . - • • • • , . . • • • • • . r . r . :<-.• • ',,

j ' , S I 1 K ntl i n • ) ; ' . . b :< J / . V . ' i ' - ' . ' - V j i j i - . , r r,

f I - , , . : . . r e , ! - . , - w - - - - - - : . : : . - . - • I t y , .-.. ' .

d - . - c ' i - j ' - i - o , t r - • . • • • • • . : • • .• : • ••• , : • • • : • . - . : . • • :

l i i i ' , d i f f I T ! • • - •• r , : i . ; , ! . ! , - • . : : • ' . • - • n r i ; - . . t - .

7 i n v . h u J i ' h - - •. - : i . • : • - ! i " r . ' . - - > . • • r . -

T h e c h - t r :i t i - r ;•,;. i r • , ' • ? : , - • ' :-,.- f - l e ' t i ' - !

v o l t a q t - [ j r - j i I 1 •• r - l ' t . n r i ' - : ; r t „ • , - : l- :•>•• f i r . . - . ' . •-•-

r.titiwn i n r l q . .'-.. r t-r th-.-, - - c :•. "= e < . : - i r-sd w:< / • h

w i - r f ; c l o - . e t-. i!.-r, ii:n o n '.: 1 1 "••-',, ':.-• v o l t a . 1 "

p o t e n t i a l i l o ' •; t n - <• 1--,r r . ' •• , •.-,:•. . i . ' T . t r - - , .

S t . i n t . , i ; ; p l y i v ; t ' j : t t h . . •;•••• -.t r „•••, <:-•. I .•,••;

p r u p t - r l y f u r ' t v . i - - ; - : , -.-i" . -•' i t 1 '-. U - r - r. i r; 1.'.

d e r r . ' J ' . - ,:]<<!.<< i r , - ii.-.ri.-l " i . . i f - i r.-r.?, •• ' I . -

t ; . ' i , i - r . . t o r . v r > i •• ' ' - . • • : . - ; ! . : • • ' • • • • r : : - i , t h . j S ' • , • -

l i q u i d v - 1 i n . i t y - j . - r r - • ,<•<; - i l i - n , t r - ' < ; - . i . e r j t ' , : .

V I . S l i p p a t i - j ' .

A ' . i q n i f i r a n f t ' . - c r • • . ; - . " i n r ^ . , - p ) , , ) ' , - - I , ' • " • " • • ! '

q c i i i - r . ' i t o r r i r - d r v r . 1 - - e ( 1 i ' i - n r i • • - , ' i T u r s v » ' - . - : i ' •.

( i , T . t r a v e l 1 , t - r . t ' - r t h : • : t h . ' l i - , u - . ; ,•>. t j l i n U

r , e n f - r o t o r , t h . - n l i y i t u " r c - r , H I M t i i « l o ' . s i - s a n d

d ' - o r e n - . i r u i t h . • i n t - - i f - i c ' ' 1 c n - ' r ' - i , - t i . i n ; , f " r . H i -

fl'Al c.'uh i e n t - i . . - : - j f ' . - r . : t . - . - / " ( • r f ' ' M i - r , ; ' t>r c ^ f j e r i " . . ' n ' s

f l ' i v e ' . h C i . V U t l . l t t h e . . -V : . : - j . ; ' , ' ; I : t 1 t l ( < i v r" • ;•

i n t ' i o o f r | , i ' . . - - T t>' i l . t , . i q - i ! • K i c i t y ) , -• ,

( i c c r r . i s e s , ! i : - ! , f O p n . . i r i , , . - , ; , - i i ' . y <, i ' . h i n : i ••;:•• " r ,

l i q u i d - U " - l 3 l I ! 0 . . , r . : ' i " , - ; ••• , ;N t I ' 1 | i > t '::\ , 1 h -

- f i t i c i p d t f . - d ( ' - - f . r - j K ? i n r. w i t h i u c r e a s i n q

1 <Ti ; I - T l i t u i i ' ( c l u e t o " ' ^ M . ' . - \r: \ ! ; ; • l i q u i d !

p r ' i j j t r t i c - s , e . g . , i u > f a c f t f - n o i . " i i ) , h , i d n o t

p r f v i o u s l y been dn.'.onstr e.ted; i t s deiiionstrrit ion
was i prime mot ivat ion fc-' tnt:.-" h iyh- teiipei ,itur.-
Mpc r impms . (>

Hie v a r i a t i o n in F. ». i t h temperature is best
observed by c.oi:.parinci values at the sarr-e yas- to
l i q u i d volume r a t i o . Usinq the d e f i n i t i o n s of
the two-phase mixture averAye hold-up ( r a t i o of
o- ' . v 1 o - 1 o ! . ; ! ' . ' '. " •! i r. * , ; ; u ! t ' •
; : v e i n i ) e v o i d { i i . i . l u , . i : ^ l u o

1 - . . s - t o - t o l . •
flov; cross-sectional areas), "i, the relation

l - (> R 1 - 6

C i J i p l i t - d e r i v e d , W ' - C I L , - . . , ) i - . t i n W i t i o i - i

gas t o l i q u i d volume f l o w r a t e s and c " . / ( l - n ) i s
t h e r a t i o o f g o s -1 _. l i q u i d f l o w c r o s s - s e c t i o n a l
a r e a s . Lquat i o n (1? ) i n d i c a t e s t h a t as R
approaches u n i t y a t a r q p r r a t i o o f g a s - 1 o- 1 i q t / i d
f 1 c»'.v c I 'O'.S-1 .-• '. iona? , e^-S, i . i . , 1-arqt t : , / { ! - •]
v a l u e s u e i i d n e v e d I O I it--.- sa.'ie i s i i o o f u,,.\-ii.r
l i q u i d vo lume f l o w r a t e ; , i . e . , more of t h e
channe l i s f i l l e d w i t h q a s .

The v a l u e s o f p / { l - ? , ) and F I . / ( l - r . ) f o r a ) l
t w o - p h a s e d a t a o b t a i n e d at t e m p e r a t u r e s o f 520 K
and 660 K and 15 f rom 0 . 3 T t o 0 . 9 1 ore
p l o t t e d i n F i c j . 9 . A s i g n i f i c a n t d e c r e a s e i n
K i s o b s e r v e d f o r t h e h i g h e r t e m p e r a t u r e , as a n t i -
c i p a t e d , p a r t i c u l a r l y f o r t h e l a r g e r v a l u e s of



(/• •'.'•'_(•• ••.:•• in ,\ y. -.1, nn ; , / .-. i, i rjh-.-r
J(1-,t v . i l o - \>..r ;.,,• ',,.:-r. / M , v , ; v . j

A l s o n o t i c IJ.:!J '•• . : i . - v-j l ' i-.- ' . of >' - : !•.•• '.o i . n i t y
f o r t h e h i ' ; n - ; r 11 < ̂  < j i.!-."..--'.a I f !o« r •!' >-, i e
lower t " , / ( l -V.) v i iu - . -s .

V I I . C o n c l u s i o n s

The f / .pf- r iT.• n t ' i I d. j t- j fr f j . i i f . h " f f - s t
h i g h - t e t n p e r s t . i j r e lw.-j-| ,r i .r, ' ; ; :•""! [) •;'-n»-r-jt. or h a / ' :
d f r . i o n s t r a t e d *h<- f ! . - ' , i r ' - l r e ' w l t , -! r '-tlur.!. 1 on id
t h e r a t i o of t h e n . i , v e l o c i t y !.'i i n e l i < ; u i d
v e l o c i t y w i t h i n c r e a s i n g t e r - p - r . i ' . u r e . ! h i - ,
i n f o r m a t i o n , when roc. ' j inc-d w i t h f .«. j p o s i t i v e
f i n d i n g s i n t h e o o r p . m i o n a m l j i e r i t - ' - - f ' p s . r , i t u r e
f j f r ne ra to r pdp-r r , ' p r o v i d e conv ir ic iri>j ^ ; id>-nr.«
t h a i l a r g e , h i ' ; n - > ; f f i c i e n t y twr j -p i i . r . . . I MJ-'HI)
g n n e r u t o r s c.jn be develop-. :J f o r p r o f . t i c . : l power
s y s t e m s .

electrot le spocinq
avkraijf; i n , n j n , i l i c f l u x d ' ; n ' . i t y
average crMiuiwl hydr . iu l ic d i .j:;..-t<-r,

P
Q
Re

Rw
t

T
u
u'-
w

&p

p
a
°5St

averjfjf: S] ip r.jt io
lenyth het'nfcn f i r s t
pressure tr<ifr,rjijr.ers
gas nri JS f low ro te
1 ii|ui(1 ii'iiss f K M r . i t f _
Hrirtcijnn nuril.-T, KdV 'A1 '
pressure
volufr.etr i c f low ra te
Reynolds nunlier, pud/;i
equivalent f . / . t ' :r i i ' i l r».'s ist ,»if >-
i n t f r n a l (j; -n-'-r a tfj r res is t •: n r r.̂
shunt l'J'/--r res is tance , ,)/?', v,
wal l res is tance , a/??.t-v ^
thickness of wal l l ie lwrTi 'lene

l-i'.t rji.n^r,itor

temperature
velocity
superficial l iquid velocity, i!i?/r.wa
average channel height parallel to B
average voi-j f ract ion, fi,niii/{tliar> + Kiti^pa)
aver.--;.- hcild-i.j.. '.),./((},. ' <] ' '
shunt ioy^r Ihickiif'ss
prpssure difference between first and last
(,-iierator transducers
resistance coefficient, (-A[.7?.)-(?d/pu?)
normalized resistance coefficient, >M - .1... .
absolute viscosity of sodium
density of sodium
electrical conductivity of sodium
electrical conductivity of stainless steel

conductivity ratio, Ri/Rext

Subscripts

g gas
i. liquid
SP single phase
sst stainless steel
TP two phase

Acronyms

ANL Argonne National Laboratory
LKW-IO liquid Metal Magnetohydrodyn,i;nic
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Figure 2
Single-Phase Sodium Pressure Profi le Data,

T = 620 K
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Figure 5
Two-Ph-ise Noriralized Resistance Coefficient Com-
parison with Theory, T ~ 500 K to T = 675 K
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