Chapter 3

1-Dimensional Neutronic & Thermal-Hydraulic model

In nuclear reactor physics, all basic understanding is coming from how the fission neutron
beﬁavewhenitisrelwsedﬁomﬂleﬂsionreacﬁon.'I'hewell-knowntheorywhichisusedinallpanicle
movement is transport theory. But due to the complexity of differential equations in transport equations,
simplified model called diffusion theory is applied 2 saﬁsﬁedataccrtainlevel.

Ifwestartmthoneﬁmonmctloq nduced | cutron react with fissile material, the necw-
born nucleus will mostly not stable and finally spiit with 2-3 free neutron emitted. These

electronmllingBeta,highel ;
Either 1 or 2 or 3 of the emissi .{/

stable clements. It sometimes requifé 2 jé¢ ./..m‘. s

The nucleus stabilization is'nq haiely-after fissi 'muon Tt would have delay to get to
the stable state which is up to proba /m and :‘u‘. wﬁbe;ustafewnamsecondupto
millions years to change ?-n T

cle ..'.ﬂ. 0, another ele ...i; This time is known as half-life

and is defined as the average time tofehafigé eléferit from dne isotope to another isotope by emit either of
the 3 emission. g/ afaﬂ':- J’ i 3 s

Fission neutron energy is pm@f_ﬁh d ¢ B i continuous spectrum named as
Maxwelhandxstribuhon.[thasanaveraleMﬁ . The ¢ high energy particle need to be moderated

befomxtxsabsorbedbyanynuﬁens

many positive particles, sothelravehngpathxsﬁotmuchmore&namﬂxmeter%ﬂhneﬂcenergymﬂ
naty s RN 1 ST N1 I VIE 1 B

rémoval system is normally the main concern in nuclear reactor design. The generated-heat
denawmmmlwmmﬁrmghathnmemmalfosd-ﬁnlhwm.Andamwmm
normally used as coolant. It have many advantages on high specific heat, well-known on physical
properties and cheap.
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There is another factor which will effect to the reactor operation named as reactivity feedback.
This feedback is coming from operation of the reactor such as fuel temperature, coolant temperature,
fission products poisoning, etc.

Numerical method will ease us to cope with the differential equation. Computer program is
programmed and run to repeat the boring and tough calculation work within a few milliseconds. So, the
results can be calculated and shown in real time.

When we do calculation by using any numerical methods, error seem to be an important factor
which need to be concerning. If we want to get the higher accuracy, the elements need to be very small
and will cause the calculation load to machine. We can play around with the error and calculation time.
Then select the proper elements size to match o nne

This chapter censist of 3 sections; ‘ model concerning about neutron behavior,
vith and the last is reactivity feedback.

3.1 Neutronic Model

Neutronic model will ‘
particle. Let’s assume in the sifipli ( ©Fuel oin in imensional along the length is
considered. The materials in cf0ss séctign plane ay hom as fuel, clad, coolant, etc;.

The general pr v write the dif ial ion equation in finite difference form
and then solve the resulting . v o a pmputer. ‘We will write the general
differential equation in one dimensional it e which is the selected system.

0]

where

o ncmron

2 :ﬁ mmﬂmwmm
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Subject to the boundary conditions characterizing a finite element of length a:

D(0) = D(a) = 0 @
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where
@(0) = neutron flux at the beginning point
@®(a) = neutron flux at length “a”

B e, . o

Figure 3.1 Divided regions along fuel pin length

3

)

i-1 o W g gy
Figineazmmfnﬁﬁ aE‘lﬁ-H;lE Ilm :U] 1 : _ ‘3
' Considering the first term first at node i.¢

QW'] mn‘sm UNIAINYIA Y

_gna_ql axhﬁ 3xi,ﬁ
ox  ox|; 3 ‘Ai




where
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Replace this equation in (4), the'res H rrrei series of equation as
a;; o, ©
e
i,i-1 ——I
. e
a;; = Ei +—AT | Y]
o 4 (D“"Am +D;A, |
BT = 5 ’
So, we have arrived a sefies o _' - flux. Fortunately, we have

boundary condition from the ofelementwhlchdeﬁneﬂuxat as 0. These series of equation

A, W’] mmm 19117 ?’FEJ']Q d
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a,®, +a,,®, +a,, @, =5 ®

a2 Dn,t Ay naPyy =Sn1



When writing this equation in matrix form, we will get
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Let’sgo"backtoouriniﬁalcondiﬁon(l)whichisnotinthemdysm_e condition. We can
rewrite the finite element equations as:
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At
l(ﬂr‘p_) +a,,, O +a, 0 +a,, ONN =g (13)
v

Rearrange the equations, then we will get the new feature:

i d)ff{“+(ah+—‘)<b‘*“+au+,d>'*A'—S +md>' (19)
For the source term on the right hand it is the function of fission neutron which
equal to
S, = (1-BVE{QmediCl § == < b as)
ocC}
e 16
Equation (16) can be ce method as
C'-i't i C'-i"_l
R
it x(C 1
L 1+AAt @
From (17) replacmg l 6 g -JI in(l6),thenthesdurcetetm
¥
will be done and matrix equation wi bermdyforsolvmg

. "“"“““‘“‘ﬁ“‘im WWW N9

3.2 Thermal Hydraulic M

mﬂmﬂm WINEINY
coordinate, radmsmcyhndncalcoordxmﬁrsuy eonsnderthcheatconducnonequanonandthenap]ﬂy
meheatmwecuonemmuononmeboundaqmndimeﬂequmhokvuyamﬂmmmemm
equation.
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pCp —(‘;—T——V kVT=q" (18)

where
p = material deusity
Cp = specific heat of material
k = thermal conductivity of material

Wewiﬂusediﬁemncenodepoimdeﬁniﬁonmwwompnposemmismdimtemﬁndmnthe
temperature on the edge instead of middle point. g

=_1"(F:12 E]T,. 1 %maﬁ mﬁnfﬂ}
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InthcsamcstyleasmenamonicmdeLwecanwﬁtethegenemlequaﬁoninfomiofﬁniw

difference as
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AL e p :
p; Cpi(__!_A_t_l) :,n-lT”M v auTwAt :,:+I’I;:M _-q (20)
where
a IR k ( n—l + ri)
1
1 (6 +5a) | K +ri_,))
A= 21
r ri(Ai +Am)( A, A; o
k. (@, +5
ai,i+1 =5 i+ VT4l ) (22)
re-arrange the equation
z,l—l"[;‘—-';m - Ti‘ (23)
Forq'whichisthe ogferate ‘ nequaﬁonWedeﬁmq>as
energy released per fission
m_of,
9 X Z®.0 24)
We replace q'on - h
] v;i__ T — -
J& J
1,:—11‘:-:“ +(a i P )TM\: +a,, Tt-o-Al 5 zt 2 q)t i~ pnCpi Tt @5)
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Figure 3.4 Region in central area of cylindrical rod

Atmmrbmmdarymndiﬁon,nodeo,mmpuannegadicmisequalmommemdiusismo. So
whenconsideﬁngtheinnerboundary,weshaug:backtoourgencmlequaﬁon.



19

pCp%%—V. kVT=q" (18)

Intheseoondtermof(lS),weareabletowﬁteincylindricalcoordinmas

ld( dT)
VEkVT=—-—lkr 2=
kVT ==

@6)

31
dr
replace (27) in (26), we will get
V.kVT= = 28)
“Substitute (28)backmto(18)
ﬂuﬂ? ZIEWITW §INQ
—2k B

3 "mmﬂ(%mmmwmaﬂ

Inthesymmeuimlcylindricalcoordinate,the'f.; is the mirror of T; which is equalized.
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'I}m 5 Ti‘ Qnm t+At)
A2

pCp 2

GDH

At outbound condition we can’t do on the same way, fuel clad transfer generated heat to coolant,

water, byoonvecnonnotconducuonasmfuelpm (hrequat:onhadtorelatewnhconvecuonequauon.
Denveequanonfromencrgybalanoeeqmuom

’l; "u Ai
—_ 4 — 33
A q > (33)

‘A:tzm _- '2ﬁ E
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hA(T, - Q) mC
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Andagam,make(35)mourﬁm1harform
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, /“— Clad boundary

(36)
where
wout  COO.
o,in =
T
Rl )

Substitute (38) into (36) b
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Gn

thmwmmemchgamﬁomomremwﬂlbethemhttunpemmﬁﬂwnm
regwn. mﬁmmgonhweamolwnpaamumamlhemolmemumwuﬂchange

with heat balance equation in pool.
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Totalheatuansferinmgionmnbecalmlatedﬁomswondtcrmof(39)whichcmm on heat
taken away by coolant from region.

InﬁesamemyasneuﬁomcmodeLGauseﬁmmaﬁonmethodisusedmethsemof
equation.

3.3 Reactivity Feed Back

Inthnsmodelwearemtamedm2typeoffeedhad:ﬁomrmoropaauon, wnmeraune
hd:ackandﬁssxonpmdtmreacuvxtyfeed:ack..

3.3.1 Tem fi

Asweknow,ﬁ;el- rata , o negd
fission cross section in fuel itself. Siaffingffom fii dafinition of the (efserat coefficient.

41)

where

Let’s assume that .-..A:.A,‘... N OBeIad atisias
rewrite the reactivity definitionad.

k—l

'ﬂumwﬂmwmm
““““””“ﬁﬁ“ﬁﬁﬁ‘ﬁﬁﬁmwmaﬂ
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Ifwegofurmermmcmmposiﬁmofkvalue,mﬁmdyasmmethmmenegaﬁvetempmamn
weﬁdemaﬂeaoﬂyﬂmmduﬁﬁuﬁm(f)andmgcfﬁsﬁmmnemiuedputhmmﬂm
absorbed by fuel (nr) . The result will be

2 Z
33, b
o= 21; T @4)
Tk
where
zl,ht
b
Ifwemtheml f NCTOSS S ‘m-:‘ .‘._ ‘_ s‘>i'L D} 0SS mas Z‘J-Emm
(44) could be written as 488 ' :
oy > 45)
£
Tt
We assume that the fission cross's cfion wili'be

u,-;'« hange with temperature, the

others are constant . We cou *_-“"""? LI—— "'—""ﬁi':*u rearrange, (45) can be re-

sa

written again as m ; m

¢

_ 2§=§'ﬁ§3@§ﬁ%ﬂff’1ﬂ‘i -
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Oncewﬂreferencetcmpemmreissaatzocmahweeqmﬁonwmlooklike
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3.3.2 Fission Products reactivity feedback

Allﬁssnonproductsabsorbnwtonsmthparﬂcularvalueofcross secuon.Butthereare2
elements which out-standing from the others with very high absorption cross section anda remarkable

fission yield; Xenon-135 and Samarium-149. _ Vy

3.3.2.1 Xenon-135

Xe-135 is the most 1mpo § \ e is a big concern in operation of
reactor. Xe-135 is an element geftix / /‘/ \‘\\\v\‘ \ ial direct from fission itself.
Microscopic absorption cross seétion l/ \\\\ heérmal energy. The diagram below
show the decay scheme of Xe-13

TelSS___’IIBS ;

Pt | ol
fission  fission

Te'”dewysvcryra oni yield will be add up with I'*

yleld.ElementconcenHauonmgmenn as

ﬂwmamwmm
aﬁﬁmﬂﬁwwwma B e

Derive (46) and (47) in explicit form

I = (v, 2@ - A I') At + T (50)



X" = (7520 + LI -1, X' -6, X'D) At + X" )

Xe-l35direamo¢mﬁonmmghﬁsdonﬁnoeaseaﬁershmdownmemaor.3mﬂwdeayof
1-135 will continue with a higher rate than of Xe-135 decay. The Xe-135 concentration normally will
increase for a while before I-135 concentration reduce to a certain concentration which the decay rate of
Xe-135 is equal or higher. It may cause the less-excess-reactivity reactor unable to start till the
mmemﬁonofX&BSdecmsemdmakctbmrhavemmghmrwcﬁﬁtymmr

fission——»Nd'

Due to rapid decay of Nd-149 ¢ g ¥ e Pm-149, we may assume that Pm-
‘efw..'f“""""" —
! e

dP | - e o 3
e =7p2f¢E7LPP (52)

s QUIANENTNENT
- ARABIN TN INYINY

prs =(y,z,¢—x,P'),At+P' (54)

™4 = (A P"4 — 0S'D) At +§' (55)
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Sm -149 is a stable isotope and can only be produced via decay of Pm-149. So, after reactor shut
down,theSm-l49mncentaﬁonwiﬂkeephaeashgﬁnaﬂmer49disappar.nnmlywaqu,m
eliminate Sm-149 from reactor core is to burn it with neutron.
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