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Outline

 What Is a hypervapotron?
o Width study

* Tooth/Groove study
 CHF performance
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Beryllium armored hypervapotron

Model

~inlet
outlet

410 mm long x 52 mm wide
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What Is a hypervapotron?

1.4 M cell polyhedral mesh with 4 prism layers

side slots

fluid volume

grooves
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Channel Width

36 mm, 50 mm and 70 mm channel widths

Nominal q"=0.5 MW/m?2
Off-normal 4"=5.0 MW/m?
CHF g'=?

Flow conditions: 2.7 MPa, 2 m/s ave, 70 °C

36: m-dot=278 g/s
50: m-dot=435 g/s
70: m-dot=611 g/s
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Channel Geometry
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5 MW/m?2 exhibits little difference

surface tem peratu re
36-mm width

L Temperature (C)
| 69.998 186.99 303.98 420,97 537.96 654.95

50-mm width

L 2 Temperature (C)
X 70.00 186.0 302.1 418.1 534.2 5502
70-mm width

Temp erature (C)

) 69.994 186.86 420.59 537.45 654.31

303.72
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vapor fraction

36-mm width

Volume Fraction of h20 vapor

L& 0.00000 0.011224 0.022449 0.033673 0.044897 0.056121

50-mm width

Volume Fraction of Water Vapor
0.014000

0.056000

0.070000

L 0.00000 0.028000 0.042000

70-mm width

Volume Fraction of h20 vapor

<& 0.00000 0.010897 0.021795 0.032692 0.043589 0.054487
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CHF decreases with increasing width

CHF (MW/m2)
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Velocity distributions

Results

5 mm backchannel
2 mm teeth

4 mm teeth

3 mm backchannel

2 mm teeth

4 mm teeth
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2mm teeth depth and 3-mm spacing optimized to produce a simple reverse eddy in the

groove.
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Temperature distributions — 0.5 MW/m?

2mm/3 mm

Temperature (C)
Temperature (C) ¥
passs 10728 11971 12 M £ 70.00 81.80 93.59 105.4 117.2 1290

m/5 mm 4 mm/3mm

| .
E‘

K Temperature (C)
¥ ox 70.00 81.16 92.33 103.5 114.7 125.8

Temperature (C)
70.00 82.09 94,18 106.3 1184 1304

Surface temperatures are about
the same for nominal conditions.
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Temperature distributions 5 MW/m?

2mm/3 mm 4 mm/3mm

4 Temperature (C) o Temperature (C)
TZ_J 60.998 185.68 301.35 417.03 532.71 648.3¢ "‘__‘ 70.00 Ia?a 202.7 404.0 515.4 626.7

L

4 mm/5mm 2mm/5mm

+
t & 66,007 181.29 29

Temperalure (C) W Temperature (C)
20250 403.88 515.18 626.47 !Z 70.00 179.3 288.6 397.9 507.2
[ N | -

Deeper backchannel is more effective in mixing and condensation of vapor.
Shorter teeth / deep backchannel is best for off-normal conditions.

10

Sandia
ﬂ‘l National

Laboratories

DL Youchison 134012/02




Surface Temperature
700

600

500

400

single

300 ® two-phase
200

100 +—

O T T T 1
2/5 4/3 4/5

2/3

11 Sandia
National
ﬂ.l Laboratories

DL Youchison 134012/02




Vapor fraction (5 MW/m?)

4 mm/5mm 4mm /3 mm

y Valume Froction of h?0 vapor
T X 0.00000 0.010224 0.020448 0.030672 0.040807 0.051121 Volume Fraction of Water Vﬂpor

- 1 0.000 0.00861 00172 0.0258 0.0344 0.0430

2mm/5 mm 2mm/3 mm

S e —
T ———— I | I ———— E—

AR R RRA

e e e e — | S
———

N Volume Fraction of Water Vapor g Volume Fraction of Water Vapor
t 0.0038 0.0076 0.011 0015 0.019 £ 0.000 0.0133 0.0267 0.0400 0.0533 0.0667
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Hypervapotrons exploit the heat transfer regimes.

q"=0.5 MW/m? — single phase
4mm /5 mm 4mm / 3 mm

Il 1l
i

1
Heat Transfer Coefficient (W/mA2-K)
-

2 12003 .33+ 008 4550+ 003

W Heat Transfer Coefficient (W/mA2-K)
L,_ X -251.6 §28.7  1909. 2989. 4070. 5150.

5 Fbe 003

q"=5.0 MW/m? — two phase

NS

v
Heat Transfer Coefficient (W/mA2-K) H il o
7 eat Transfer Coefficient (W/mA2-K)
{ X -7271.8 -207.98 667538 13650. 20623, 27597, L 16384003 0.53e+003 1. 74e-+004 55904004 33264004
X :

B
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2 mm teeth, 5 mm backchannel performs best.

q"=0.5 MW/m? — single phase
2mm /5 mm
|

e m I
- - [UTIE .u-u,i"

Heaot Transfer Coefficient (W/mA2-K)
Heat Transfer Coefficient (W/mA2-K)
1389. 1 3063.2 4737.2 6411.2 8085.2

2mm/ 3 mm

[ _.1

=2 7e+ 002 1. 2er+003 E‘ Her+ 003 4. 3e+003 5.d8e rCﬂ?

Heat Transfer Coefficient (W/mA2-K)

4
;Z X E 5 558.6 1.017e+004 1.9782+004 2.940e+004 3.901e+004

v Heat Transfer Coefficient (W/mA2-K)
{7 o -7.3e+ 2.2e+003 1.2e+004 2. 1e+004 3.1e+004 4.0e+004

_ 4 l.\_
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Comparison of Heat Transfer Coefficients

HTC

single
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Concluding remarks

» Engineering study on hypervapotron geometries completed.

 ITER reference design (4 mm/5 mm) is not optimal.

» Short teeth/deep backchannel gives best off-normal performance.

* Boiling heat transfer is 5x higher than subcooled forced convection.
 Nominal performance is not affected by width.

» CHF decreases with increasing width.

* Narrow channels or fingers are preferred.

 Side slots remove vapor — increase CHF level.

» Deeper backchannels are critical for condensation and mixing.
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