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Topics

1. Power core materials and configuration.
2. Overall power balance and power conversion cycle.
3. Design strategies to minimize 3D MHD effects.

4. Cooling of curved first wall channels.
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ARIES ACT power core and self-cooled
PbLi (SCLL) SiC composite blanket
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A He-cooled W-alloy divertor was adopted
1. PbLi cooling of the divertor limits the heat flux to ~5 MW/m? peak.

2. He-cooling can exceed 10 MW/m?2, and perhaps as high as 15 MW/m?

3. Our current reference concept 1s the combined plate/finger concept.
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He-cooled steel is used in the “Hot Shield”

* He-cooled steel offers a robust
structural ring for sector
Iintegration.

®* The divertor 1s already He-

* Reduces MHD coolant routing
problems significantly.

* Used for shielding.

* QOperates at high temperature
to contribute to power cycle.

* Inboard LM manifolding is
embedded in the ring.

cooled, so He systems in place.
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The Brayton cycle allows high efficiency with
good safety features
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Power flows and bulk coolant
temperatures in ARIES ACT SCLL 1030 C
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Temperature restrictions on components
reduces the power cycle performance

Heat exchanger temperatures on
the primary and secondary sides
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Brayton cycle efficiency and power
core inlet temperature
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1050 C turbine inlet
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3D MHD is the dominant force acting upon
the coolant in insulated channel blankets

sidewalls Q

FW blanket
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Semi-empirical formulation of 3D MHD effects

0. Lielausis, Liquid—metal magnetohydrodynamics,

Ap3d o k N (pV2/2) Atomic Energy Review 13 (1975) 527-581.

* Flow urbulent minar
where N = Ha?/Re, and k is a configuracion T - =
semi-empirical constant o @ (G=KN) ¢ i

* For flows with geometrical changesin . 7 8 cxcomay (1-8)
a uniform magnetic field 0.25 <k < 2. ‘ i EEe
: : } B . ®
* For a change in transverse field 20 ceeomn (1)
o D
strength k~0.1-0.2 (depending on the —
. = Los .
abruptness of the change in B). . @_ﬂ oy :E;g?
* For an inlet or outlet manifold, == coe.omen, 2., O
w d
Smolentsev et al used k=1.5. PR ECE FL YRS N
. e e @
e Depends on wall conductance, pipe o | T | smeew Nsemb ke (2
. =g +(l4-m™ N> (1.2-mYm, m=g£D:‘¥‘d:
shape (e.g. circular or rectangular) e mat ™ N emim nes ()
and other details. T
24 A=Xg+ kN 0 (P} = 11LB)
LR. Kirillov, C.B. Reed, L.Barleon, K. Miyazaki, “Present 8= 2R/T:
understanding of MHD and heat transfer phenomena for liquid,
metal blankets, “Fusion Eng and Design 27 (1995) 553-569. e Usas,
S. Smolentsev, C. Wong, S. Malang, M. Dagher, M. Abdou, 2 A=hos N .
“MHD considerations for the DCLL inboard blanket and access S
ducts,” Fusion Eng and Design 85 (2010) 1007-1011.
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To keep 3d effects low, maintain constant voltage
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Areas of concern for 3D effects
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Design Strategies
* 180° bends are acceptable, if they are perpendicular to B
* Use expansions and contractions to reduce velocity in manifolds
* (Channel size reduction for field entry/exit

* (Careful design of the manifolds (see next slides).

first 180° bend

wall at the top f{fﬁg’ /—\
i ! b B B X




"
Inboard manifolding is embedded in the high
temperature shield (i.e., the structural ring)

FW & Blanket

250 mm /

750 mm

VV Door

Torus
axis

Skeleton ring + manifold LM access pipe
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Manifolds consist of successive splits and
toroidal movements with poloidal component

Good

* (Coaxial pipes everywhere

B

» ® (Gradual toroidal motions

* Some complex flows will
require further analysis:
— FW manifolds

— channel splits

ln
l




Stagnation can occur in curved FW channels

* First order approximation to pressure gradient in an insulated duct.

o, UB?

Vp = Ha =aB+/o/u
Ha

* In a curved duct, Ha varies from front to back. So u also varies.

* The effect can be approximated by u~a (L. Buehler and L. Giancarli, “Magneto-
hydrodynamic flow in the European SCLL blanket concept,” FZKA 6778, 2002).

* For constant volume flow rate, the pressure gradient increases by 50%.

* The full conduction/convection heat transfer equation with transverse
varying velocity was solved by finite difference to determine the magnitude
of this effect on heat transfer.



Convective heat transfer with laminar slug flow

Energy balance equation (internal energy e=pC_T):
& _ o1
Mo = e

Exact solution for constant velocity on a semi-infinite
plane is equivalent to transient 1D conduction:

20"(at/ )"’ (—xzj g'x ( X j
T, 1) T = A erf
() =T, k =P 4 ot orie 2/at
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Computational approach for variable flow

R(X,2 &ZT X,Z de T 2
U(X) ( ) (2 )+Q(X) > _Zk—Z-I-Q—U—:
X dt X 17/
FW and SW flows are mixed to create lw -
uniform central duct inlet temperature
regions: | 1 2 3| a E i E 17 g 2
nodes: 1-10 11-30 31-40 4]-5ID 31-B0 EII-HD 91-100 101-120 121-130

» o



Effect of stagnation on wall temperatures

Exit temperature vs. depth Surface temperature vs. length
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Peak velocity 1s 6.3 m/s for a 4.2 m/s average, q”=0.2 MW/m?

Ap 1s 50% higher than slug flow case.

Peak surface temperature increases by only about 20°C.



1-dimensionalized FW velocity profile

<v>=2.66 m/s in FW channel 1 q"

B
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Results (radial profiles)
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Results (axial profiles)
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Pressures and pressure drops

v
A

v

Heat exchanger

4 m
(0.4 MPa)
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ﬂ Apy,, = 0.1 MPa
A
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A =
St Appyy = 0.2 MPa
v
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Summary of SCLL power core findings

* An advanced S1C/S1C; blanket design with He-cooled W-alloy divertor
and steel structural shield was selected for ARIES ACT (SCLL).

* Detailed analysis of various MHD flow concerns has been performed:
e MHD pressure drop can be low (<1 MPa), only if 3D effects are avoided.
* Designs are possible with only one source of 3D effects: the manifolds.

* The pressure drop and flow distribution caused by this 3D source are
uncertain, requiring further R&D (and a fully-detailed design).

* Stagnated flow in curved ducts was shown to be acceptable.

* 58% thermal conversion efficiency is achievable with this design.



Extras
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Strong poloidal magnetic fields exist

e and outside the TF coils
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Poloidal fields as high as 4 T exist

along the liquid metal flow

+ 0 i

o I

i ¥ < ] R(m) Z(m) Br(T) Bz(T) Bp((M)

i -2 } -~ 4 ~ ] . . .

i j /N‘f:’ - TF coil entrance, midway between coils 11 &12

| -3f g/l o ; | 6.63 5.95  1.17 -4.23  |4.39

i o s QS o

I L ’

‘t -4 | & ?-5, 1 access pipe horizontal run

| g L ! 8.00 -7.00  |1.69 -1.07  2.00
_5_ i

|

| | linner side of ring header

| o @ =0 = 1 19.50 -7.00  |1.00 0.17 1.01

! 7R " ™ linternal manifold at blanket bottom

gy 5.50 -3.25 -0.23 -1.15 1.17

e T
9 ‘ <

o T _

2 4 6 8 10 12

Not only are there large poloidal fields, but also
significant gradients along and within the pipes.
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