Problem

10.2Assume:¥ Fast reactor fuel pin characteristicsas in Table 10.2¥ Gap closure¥ Only He fill gas¥ linear power, R , is symmetric¥

kdT∫

from eq. 10.20¥ h coolant = 12 Watts cm 2 °C

¥

k c = 0.22 Wattscm °C

Wanted: To and Ts @ midplane (before core restructuring)------------------------------------------Schematic(Diagram)See Hard Copy of Class NotesTNa (midplane) = 470 +

650 − 470 2

» 560�C

NaFilm

Temperature

Drop

( a t m i d p l a n e ) q N a = heat flux from clad surface to coolant

q

Na

=

Ρ

2 πR

c

= h

Na

(T

co

− T

Na

)

or

T co − T Na =

550

Watts cm

2 π • 0.315 cm

( ) •12

Watts cm

2

°C

or,Tco = 560 +23 = 583�C- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Through

Clad qc = heat flux through cladding (ave)

q^c = Ρ

2 π R^c − t^c 2

= k^c t^c

• T ci − T co ( )

for stainless steel,

k^c = 0.22 Watts cm °C

k^c t^c = 0.22

0.04 = 5.5 Watts cm_2 °C

So,

T

ci

− T

co

=

550

2 π 0.315 − 0.020

( ) •5.5

= 54 °C

or, Tci = 583 + 54 = 637 �C

Temperature

Across theGap qF = Surface heat flux from the fuel

= Ρ 2 πR = k^g t^g • T^s − T^{ci} ( )

from (10.63)

kdT = Ρ4 π Ts To∫

or,

kdT − 0

To ∫_{kdT = Ρ}4 π^0_{Ts}∫_{= 550}4 π_{= 43 .8 W}cm

1)-----------------------For (He) gas conductivity use Eq. 10.102 kg» 15.8 x 10-6 (920) 0.79= 3.5 x 10 -3 W/cm�CApproximate gas T, �Know,

T_{s − T ci = t g • Ρk g 2 πR} =

0.007 cm ( )

(0.0035

W

cm °C

)

•

87 .6

W

cm

0.268 cm

Ts = 637 +654 = 1291 �Cw/o gap closure--------------------------------------

Gap

ClosureFuel Thermal Expansion = DR/R =a F (

T f

-Ta)Ta = Fabrication T » 25 �CClad Thermal Expansion = D R c / R c = a c (

T c

-Ta)Hot fuel Radius = Rfhot = Rfcold[ 1+a f(

T f

- Ta)]Hot inner clad radius = Rchot -tchotgap width tghot =Rcihot -Rfhot tgcold = Rcicold - Rfcold

so,

t

g

hot

− t

g

cold

= R

ci

cold

α

c

T

c

− T

a ( )

− R

f

cold

α

f

T

f

− T

a

( )

Inserting numbers

T c

= (637˚+583)2

= 610� C af » 1.2 x 10-5 �C-1 (fig. 10.8) »1600�C (Pu-15%)a c » 1.8 x 10-5 �C-1 (fig 10.9)

R fcold

= 0.315-0.04-0.007 = 0.268 cm

R cicold

= 0.315 - 0.04 = 0.275 cm

t ghot − t gcold

= 0.275 ¥ 1.8 x 10-5 (610-25)-0.268 x 1.2 x 10-5 (

T f

-25)

t ghot − t gcold

= 2.9 x 10-3 - 3.22 x 10-6 (

-25) 2)=======================================Solve for

T f

¥ Use an iterative procedure, startwith Ts= 1291�C w/o gap closureFrom figure 10.20

kdT 01291∫

= 51 W/cm

From Equation 1

kdT 0 To∫

= 51+ 43.8 = 94.8 W/cmfrom figure 10.20To » 2700 �C-----------------------------------------Since fuel has not restructured assumeparabolic profile

T − T s ( ) T 0 − T s ( ) = 1 − rR _2 T = T s + T 0 − T s ( ) 1 − rR _2 = T^0 − T^0 − T^s [ ] rR _2

Then

T f = 1πR 2

T^0 − T^0 − T^s [ ] rR _2 0 R∫ 2 πrdr

=

T 0 − T 0 − T s2 = T 0 + T s2

or,

T f = 1291 + 27002

= 1996 �C

Hence, from eq. abovetghot = tgcold + 2.9 x 10-3- 3.22 x 10-6(1996-25) = 0.007 + 0.0029 - 0.00635 = 0.00355 cm_________________________________First Iteration

k gt^g = 0.0035

0.00355

= 0.985 W/cm2�Ctherefore,

T s − T ci = t gk^g • Ρ2 πR

= 10.985 5502 π • 1 0.268 1 + 0.000012 996 − 25 ( ) [ ] R fhot

(above)

= 550

2 π • 0.985 • 0.275

= 323 �CTs = 637 +323 = 960 �C- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Now go back to Figure 10.20

kdT 0 Ts =960∫

= 41 W/cm

kdT 0T0∫

= 43.8 + 41 = 84.8 W/cmTo = 2520 �Crecalculate,

T F = 2520 + 9602 = 1740 °C

and tghot = tg cold +2.9 x 10-3 - 3.22 x 10-6 ( 1740 - 25) = 4.525 x 10 -3 cm========================================Repeat this until convergence occursTo =2530 �CTS = 1050 �