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ithe motive tion for looking into this subjzet are the 2oveante o
that helium cooling offar, The advantagas ar2 such thnt { £ it
is 2t 1 norsihle to cool with helium, it seems like this. woula
te the wry to £0. Five advantages were giﬁen in the references
rnd they anrve listed Lelows

l. It i= chemicz1lly inert en?t by itsnlf 7025 not Jrofuce
“ocorrosion nroblem,

. Tt is non-conduqting and hence ﬁot affecte? Ty o
Tinntic field,

S, WMen nressurized, itlhsa mood'hent transfer nrooortie§
(rvinly 2 liigh soccific heat) ant' the téohnology of I'2lium
cooling i= “lready unier ﬁevélooment in regard to fiseion
rerctorsn,

4. When counlerd ¢irectly to P.gﬂﬂ furtine, cycle
sfficiencies un to 50, semm nossible,

S It )eos a smnll n2utron crose secticrn ~n' roult not
te rotive tn when'nnssing througt: the Tlenket,

ﬁhevo “re, of course, some disatvanteoes with heliun,
but thé‘one that must bo'considerod firet is the incresse in
volume of the blrnket, 1f the volume incresse ign't reegonstle,
there is no nead to.congider it further, 1t is the ‘vuraose of

thir renort to nresent the finlings of two grouns for the volume

inererse of the blanket., The grouns are;




.. G. R, Honking and ¢, Melecse~A "ospite], Direct lelium

ooling Cycle for a Fusion Peactor Plemnket, presented at BNRS

Nuclear TFusion Conference at Culham Labora tory, Sent, 1969,

S. Forster and K. U. Schneider, Desiagn Pogsihilites and

Consenuences for the_Conventional P rts of Fusion pPower Plants,

pregented at Symoosium'on Fusion Technology st A@chon, Sept 22-25
1979, |

Their results show’the ed*itional volume necd ed fof helium .
an? aswocins fed tubing to beras smrll as 3,357 of the lithium

volume for niobium as structural rinterisil,

Calculeationnl Method for Additionnl Volume:

In erleulating the ndditional volume nee4eﬂ to ccol the blanket,
the only consiferation male heore is from the heat transfer noint
of view. WNothing is Aone to consider the effect on the energy and
spstinl ﬂistrihution of the neutrons an? regsulting effect on
‘heat generetion rata in ﬁhe blanket, ‘o get startet , the energy.
Aanosition in the;blmnket has to he known. »Assuming the helium
hee no effect on energy deposition, the hest gereration rate ig
trnken as fﬁ»t palculated by Steiner for a 1ithium blanket,
Immediately when one thiinks about cooling something with a
gaa, vou heve to considér himh oressures to keen the volume down,
To eontrin the pressure with a8 little materinl a3. nossible,
you.hnve to use small dirmeter tubing in the renge of 1 to 3 cm,
depending on the »rassure, | | |
Thne GGA reoort offers the only exnlan>tion of how to

calculnrte the extra volume, and it vill be tle methol daescribed



here, (The Germn design has & more complicated hest transfer
or;ﬁlem to solve, and they didn‘'t describe their methol in
the atove reference.,) The GGA neople'use cooling tubes which
are n~”rollel to the plasma 25 shovn . in figure 1. This s&mpliftcs
golving the heat ejustion in thet for n nerticularv tuha, the
hert generetion reste in the lithium slong the length of the tube
is teker 23 cons'ant, Wor simonlicity, the he» L generation in
the tube reterinl is teken »8 that for the lithiﬁm in‘the blanket
region, In the wal} region, however, fhe heat gensrs Lion 1o
iv the tules was token s thet for Lhe wall me berizl, as will
be secen shortly. ' R

“here are mruy varisbles of importance to consider in
solvfhg'tye oroblaﬁ for the increased volumes pressure(p),
cooling tube inside Aiameter(d), anount of mmterisl 2 lLlowved
for tubing, helium ihlet and outlet tempermtures, flow rate,
ete, T%érfnre seversl wayé of nrocueeding to mnke o prrametric
stuly of the comtination of veriahles to give the minimum
volume of helium neefed, ihe‘GGA peonle variet {lie nressure
“n® helium inlet temneretufe, tut fixe' the fraction=1 volume
of M ir the tuting a2t an average value of 3.6 that of the
Lot1 volunme, |

To st'ri the vroblem, you nust »in dcwn a tube diameter

rnd Aatermine the volume of lithium itet can be cooled ner tube,

1

7o win down & tube diameter considzr s tuhe in Lthe 1ithium
rerion of the blrnket nesr the first w»1l but not coolins the
First woll rs shoun in figire 3, The t/d rztio where A is Lhe

insicte Aismeter an? t the thickness is gotlen Yy snecifying




TIONURT J0QDTAL uoTeny posedodg  tEfg , b

SR

Y

s
\\\m...._._-;. :O,MT_OU

TYNYILND aN i

1102 “G13iHS [t

I,
. ~

R LT N T .

1

Crereer

T
£
:
groas C e 2
Y F- ,,
DU<> ¥oa. -
B
hod
T
[
H
i
in N o
M . .~ 1] -'llv.( )
H J.CH i
3
yoroo
. i.
L. -
: .
H



E ddsan.

—~— e

|

e L i SERRRN
T i ~ /” U8 y Li \}\
/ , \
l© O |
‘ ~“--UNIT o /
- STy CELLS— \ - P
P N LN Nerm 7T
/ : \\ //A\.~ S
PLASMA l\ C;)‘\J\' // .-%.-./' A | .
NS . ST @ Li
- LN :
VACUUM | “~eem BTN GRAPHITE
WALL N 7 ,

LITH UM

R § DU

NOTC
UNIT CELL DIAMETER |NCREACES
AS HEAT DLROS 1T 10N DECREASES
d = 1D OF TUBE |

= WALL THICKNESS

Fig.3 Cro-s section of bltanket Jithium region calculat ivgal model,

CALCULATION MOBEL
Nb - Nb |
The [T i
RAD 1AT | ON |

(Q =100 wiew’)y | |
i s » L /O

»

PLASMA | J_
(VACULHM)

REGIONS

Frrol Crons ee

!
l
l
|
|
|
l
l
|
|

. '
“““\\\lzo W/LN

™ ] e e 2 -.———-3~-——-u-.l

.;‘

STRUCTURE

PLASHA fﬁ(}f)
(VACUUM) | :iz

;
!
|
l
! o
| Li BLANKEY
| kLGION
!

!

!

!

!

!

I

ction of «aeem wall peaieed,




O= rlowatle working streac (3500 pel wne uned
t/¢ = p/aca by %GA, but tke tlermil stresaes were cele
. culzted to te 500 nsi, so that the tubes

Are nctuelly stresced to 4000 nsi.)

aporoxime tely 10,000 psi so th~t there igo
n safety frctor of I,

C%Ai
‘The nuestion thet you went to answer is how lorge & cell
of dinmeter D ¢en bhe cooled by this tube., Once D ~nd A are
known then the frectionel volume of the cell which is helium
5
‘is given simnlv by '

V = volume of hé¢lium .o m AR e
volume of helium+ volume of Lithium T/m

Also, the fraction of the 1ithium nlus niobiun volume

which is It ern be Adefineds

- - PRS- 2
X = volume of MNb = (d28)° . g
volume of Nb 4 volume ol L11Ffhitm -

v <
D"~ 4

Tactoring the numerator givess.

X T ab(e dt)

this ejustion cen ke solved for t/4 »lso;

. o 2 - :
t/0 = k(022 2%y 4a?z x(1-v)/ av

but, d 4 t = anroximstelly d, so that

hy limiting the v~lue of X, then V c2n be calculsted,

Limiting the vrlue of X st 5% for the tube heine considered ( in.

the lithium region nesr fivst wall wher~ the hert geners Lion rate
is highest), »ill yield V for that celi.

. ) ! . .

By solving the heat Qﬁbetion AN exnression cin he pgotten for
D in terma of Vv, |

- 2 .
qttrz —-E{I 'i.V T 917 heat souran
J

EA)



Koo = 0,625 wem %¢ st 12009
- - Li -
In eylin®rienl peomntry where the temneva ture devends only on
Ts

'l - K o 1d r AT

LiT3F  ar

rq''t = - K . d rav

Li a7 TT
Intgrating this equatisn over r once. sssuming ' and KIL are
. 4
constant:
2
rg" 'z -k T AT+ C C = constant of integsrstion
P dr . :
Asruming no heet transfer across the Younierry of the cell, then
hd r -e 2
at v = D/2, AL ~ o « lMence, CZ D=q'11/3,
ar )
2 111 ] 1 '
T - D¢ - qtt'r /2K .
%$ - Ny /%KLir q r/eI.Ll .
integrating cgrin and aoplying the followving boundary contitionss

Tl = maximum ¥b tempers ture  (1200°C was used hy G(A)
/e

Tl = meximum Li tempersture (127590 was uged by GGA)
T/2
yields:

ONT = D "In(D/d) /K, -t '('132-«3?)/16}:Ii
. 1 .

~ 2
AT/D

2 P

o N
Q' (~1n(a%/m") - (D% A°) ) /16K,

| B}

DT/ 2 g (-V~1~1.nV)/L61£[ "

Solvim: for D

At this noint we have Vv from Yefore an' 0 ¢on he calcula ted

from this equation, Trom D the tube dimmeter A in

simnly:
a :D\'\T




his ties down the tubz dismeter usel in the blanket., 1he
GGA neonle then ure’ the same “izmeter tubes to Cficuk-te the
number ﬁeoﬂeﬁ to cool tlie blonket &nd firast wglL #8 shown in
figﬁre 1. 'For the tuﬁes further awery from tha w8ll, T gets .
larpger ns lhe hert gcneratinn rate is smallor. ‘Mun V‘nnd X
decrerse radirlly also, and by determing the number of'tubcs
needed in ench reglou of the blonket vV and X-cen be sveraged,

30 for only.hnlf the heat transfer nroblem hny been solved,
getting the héet-from the T.ithium to the insiﬂe‘surfrce of the
tube. To get the heat into the helium. requires another heat
transfer eau~tion b= se’ on forced convection of » gas and a&n
exnariments 11y determined heat trnnsfer_coefficient. The
rtility of the helium to remose the he~t fror the tube will
“eterrmine the tub: leukth and it is given %y the following
eruation:

(Texit = Tinret)

{
= o

NB(Tmmx i )
Mb exit
Wor the lithium region of the Flanket Téxit was fixad at
1990°C an? the inlet temper~ture was o g0 varied by (iGA. Ng is
the stenton number and is experimentally fetermined ,

film coeficient
Aensily
snecific heat
flow velocity

N __j_\rt.l ~ h
5 Pr Pe ~ ¢c-y

(il BV Sl

IR

. CoNE 5°107° for GGA
"o cool the first vall, GGA considered only s one dimensional
rratlom oo shown in figure 4, _Tn region 1 is the first wall,
La}f the tubing, 2n? the Ti betveen 1ha trhes. In region.? iy

Juet half the tubling, They found ﬂhnt to eool the first wnll

]



aderur tely required an inlet termpersture of 190°C while the

outlet termerature from the wall ha?® to be only 750°%¢0

At this noint all the arvntions neede’ to calculute the

pddjitionanl volume of helium 2re above, an’ the steps nre summerized

relow:

1) C@lculatc t/d from the pressure,

, e ma X e .
2) Snecify x'ﬁx%nd cloul»te v for the lithium regicn
of the blunlet, ‘
min max
3) Comaute D’ from V= 7 anpd g1ty
max
rnx
4) Cslculate d from o \'s
5)Using the ssme ﬂlameter tubes determine D,V, and X

for tre other regions of the blenket.
6)Aversge X and V over the tloanket.

GGA Aid this anelysis for 3 aressures and 3 inlel temmeratures

an® nert of the results are summarirzed bhelows

nrYorTyuTre ' 20 %) ' . 51)

n{m ’ ) . ) —
’"éct term o [ ano 50 an 490, 500 z00) 41 500
T 1 - . .

"avg Ve x) 0.14(n.273) 0.11(9./)) n.075(0,14)
met) 7.,13(0.155) .27(n,126) 1.61(0.160)
e 010 | 70 | 650 'oao 565 | 455 | .47 | 40D | 335

Lencth cm ‘
b gLtet Vasn | ze | 696 | w72 | mas | 7o | oes | 783 1 oAl
| T‘-’i}eﬂ mes1 V¢ —-_(;) 2 o1 % ) ALY h [ Q{' '; T C 1_ [5%4]
outiet T O {799 61 0673 -‘64 65 eTehx )_____)63 96
| Q% i 7.55 | 7.0 6.1 4,05 | 5.6 3.2 2005 | 1.34 ) 1,62
cvele T 058.4 | a1 | 4x.a | 23.7 | a4, 47,0 | 40,6 | 45,3 | 43,4
~fficiency L —

llote: Cycle efficiency nccounts for pumning vower roensuirement.,

7 N.06 for all crses S annroximabely N,036 for

wnx
HE x» Aall cages

¢
“ave




HNolte thnt Lhe volumn froctlon of heltum ot 50 ot ts .54,
I vou wish Lo include the 3.8/ for tubiing then the acditionsl
’

volume noeled g "aporoxime tely" 11,14, I RRY AonroXiamtely hezAOSE

the 7.3 nhove ias

. Vol He , but to calculste the e tiona)
. Vol Blanket '

<
"

volume vou need:
v's Yol Ue -, likewise for X.
Vol Li .

e correction nececarsy crn be gotten:

"V - Vol He - -
Vol e+ Vol Wb + Vol IT =

s e e P e e 4 et

1 Vol Mb . Vol Li
k Vol He + Vol e

Ve _ _ . y solving thif for v

1 4ot 1

. ”,69 T

' 5, neglect as » gsecond order
' iﬁ/ffy term
ool LAYy zl-vV.-TF '
V! \'s d v
ve s oL Likeiise for X xt = Yol Mb - X
-V r : Vol L1 1-4

Arolying this to V = 7.5 and X = 35.65, you get V' I 3,14 ana
X' = 3,795 and Xt 4=V o 11.37.
Te corraction certainly isntt very lerge, but T itntroduced
sop ‘ , :
this noint hecnuseAthe Germen renctor Yesign to bLe considered next,
they tabulated values of V' and X' @irectly. In their design, they
consitered only one nressure (20 atm) sn? varied the coolant tubre

”inméter)thus varying the volume frretion of Mbh in the blanket.

"Meir cooling scheme 45 alsn Aifferent, and ammarantly betkter,



at 1enst from the stontvoint of hett trensfer.. Thev conslder AU Rl
radial tules as shovn in the followinit figure.

The inlet tubes are weurved 1o prevent neutron streaming,
nflnourse, hut thé tubes going out are curve? for another reason,
The tubes are curved Drinnrily 50 that the hest generation rate
aldnp the len:th of the tute is such that the temoer= ture of the
tubing is kept at a maximum of 1000°C along the ehtire length,
?Hey‘orobably von't be able to do this ex~etly, hut they should be
alble to come nraity close. eir resulis deven? on this hasumption.
The big advantage of this method is thot moré effeclive use i5 made
of the coolant 2nd less will be necded, - Tn the AGA Aesign the
moximum tvhe temverature occurrs only st the outlaet and thus much
of thzt blanket is ®overcocnled®, ‘T™is in'the exnlnnétibn thot T
offer Tor the Aigsoronortinate dron in the coolrnl rnd coolant
tube wall mzterial volume frrctions. for the Cerrman degign as
can he seen in the following toble,

They considfere® 20 atm nressﬁre nnd veried the tube dicmetor
helveen 0,5'cm‘to f.ﬁ e, Cf courase, the smillzr the tube ?irmeter,
the sraller X' will te, but they coniinde? {hat » tufe-ﬂinmcter of
V.0oem o would result in havine to meke too many wald sconnectionsg to

-

the inlet tules. They nlso consi*ered a TZM #1lloy For the tube
roteriz1l which has » puel higher workine gtvoag, “They olso use” gonme

“iflerent veluas for some of the varameters givan lTelows

rax o o e O
"y - f f: . " 4 ’ -, . A" 1
[wall = 10007C Taxlt = 25090 rlnlet = H13°%¢ -
M X w0 : . : .
m o REEEYS M N - 241 Yy - ,
i = LABSTC G 3y = 7400 wsi Tamap = 11,100 081
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Choosing 1 e¢m nyg the tube “iameter, they varied the allowshle

- .

nressure 1on
held the rnas
tu1es'anﬁ.hence the flow velocity.
ferer tubes
in more numning nower and a lower nlant efficisney. (

Lover),

in the Tlraket et 2,5,5,0, ond 7.5%. o do this they

flow to the blanket fixel and varieo the number of

ree,
!

The Adisadvonlagn of using

is a higher friction nressure “rons an' this results’

Mut not much

™e results are contrined in the i1-Vle helow:
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For the 1 cm tube diamete~ , they concluded that n 46 5
effidiency‘wah goort enough for the 7.54 nressure rop in the
blanket, which gives the lowest value or.thc volume fraction of
tube materinrl and coolant (X'4-= V') of 3.35% for Nb and 2.,37%
for TZ2M. They rleo donsiﬂereﬂ the volume fraction of structure

hesides tuking, S', am® inclufted the't in their teble,

CONCLUSION:

sﬁgiﬁg high »nressure helium to coél-tre blenket ratially rocults
jiAJVGry small alitional volume of the bhlenket,<3.54 for coolant
an¢ tubing., This woul? seecm to be atolerable increase in blenket
volume, hut wnether or not it is é practicle methiod from the.

stendnoint of frbricakility end cost rermrins to be saen,





