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Tom tit: Trong an toan 10 phan tmg va nha may dién hat nhan thi viéc tai nhiét tir cac
b6 nhién liéu Ia rat quan trong. Dang hinh hoc luéi giang 1a mét trong nhiéu yéu tb
anh huong toi qué trinh tai nhiét ndy. Hinh dang cua cac ludi giang anh huong truc
tiép dén dong chay ciing nhu phan b cia dong chay va diéu ndy anh hudng dén qua
trinh trao d6i nhiét cua thanh nhién liéu va nudc lam mat. Bai bao di sir dung phan
mém ANSYS mé phong lai bai toan dwa trén thuc nghiém MATIS-H va dua ra két qua
vé truong xody, du doan trudng nhiét do trong mo hinh bd nhién liéu va st dung hai
dang luéi gidng khac nhau. Tur cac két qua mo phong thu dugc c6 thé danh gia anh
huoéng cua dang hinh hoc ludi giang b6 nhién liéu 1&n qua trinh tai nhiét.

Tur khoa: tinh todn déng hoc chat long, ANSYS, tai nhiét tir nhién lidu

I. MO PAU

Tinh hinh hién tai khi cdng nghé nha may dién hat nh&n cang cao thi doi hoi con
ngudi cang phai tinh toan chi tiét dén van dé an toan. Song song véi dugc dé 1a cac nudc
cho xay dung cac hé thuc nghiém nham cai tién thiét ké dua hiéu qua s dung Ién cao.
Trong béi canh d6 thuc nghiém MATIS-H duoc xay dung tai Han Qudc dé khao sat dong
chay ri trong linh vuc an toan thuy nhiét. Tuy thuc nghiém da duoc xay dung va mo
phong tai Han Québc nhung ddi véi Viét Nam thi van con méi mé. Do dé chiing toi viét bai
nay dé md phong lai thyc nghiém ddi véi bo 2x2 ciing véi kénh tai nhiét 1a nhu nhau.
Trong bai nay ching tdi xay dung md hinh dua trén thuc nghiém MATIS sir dung phan
mém ANSYS. Bai toan chay trong hai truong hop vai hai loai canh caa spacer khac nhau
dua ra cac két qua vé dong dbi va phan bd cua trudng nhiét do qua hai truong hop. Han
ché 1a trong bai viét chi md phong bd 2x2 nén it két qua c6 thé so sanh duoc voi b6 5x5
ctiia nhom tac gia xay dung hé thuc nghiém MATIS-H do khong cung tuong dong vé vi tri
va kich thudc.

I1. NOI DUNG
1. Hé thwc nghiém MASTIS va md hinh bai toan trong phan mém ANSYS
a. Hé thuc nghiém MASTIS

Hé thuc nghiém MATIS-H (Measurements and Analysis of Turbulence in
Subchannels — Horizontal) dugc xay dung tai Vién Nghién ciru Nang luong nguyén t Han
Québc (KAERI). Thuc nghiém MATIS-H tién hanh véi myc dich kiém tra kha néng cua
cac chuong trinh tinh toan dong hoc chat luu nhim dy doan cac thong sé dong rdi cua
dong chay chét tai nhiét khi di qua cing mot b nhién liéu véi cac hinh hoc ludi giing
khac nhau. Phan thuc nghiém caa hé 1a mot kénh c6 kich thuéc 170x170x4670 mm, véi
mat cat ngang la hinh vudng gom 5x5 thanh mé phong thanh nhién liéu hat nhan. Cac
thanh nay cé chiéu dai 3863 mm, dudng kinh mdi thanh 13 25,4 mm va khong duoc gia
nhiét.
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Thyc nghiém dugc tién hanh vai hai thiét ké ludi giang, kicu ludi gidng ¢ canh
phan tach (split type spacer gird) va Kiéu ludi giang cd canh tao xoay ( swirl type spacer
gird), cac thong so cua thiéet ke ludi giang thé hién trong hinh 2.

‘ Sau day la hinh vé& md ta cac thong sb hinh hoc cua thuc nghiém va hai loai ludi
giang duoc lap dat trong qué trinh thir nghiém.
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Hinh 1. So do khoi hé thuec nghiém MASTIS-H
Céc thong so dieu kién bién trong hé thuc nghiém MASTIS-H: nhiét do cia duong
nudc cap vao la 35 °C véi van toc 1,5 m/s ¢ ap suat 1,5 bar.
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Hinh 2. Théng sé hinh hoc 2 logi spacer



b. M6 hinh bai toan trong phan mém ANSYS.
M6 hinh hinh hoc dugc xay dung trong phan mém ANSYS.
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Hinh 3. M6 hinh b6 5x5 xay dung trong ANSYS
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Hinh 4. M6 hinh 2 logi lu6i giang
Trong qua trinh thiét 1ap bai toan, Ching toi chi tinh dén b6 2x2 vai kich thudc cia kénh
tai nhiét 1a nhu nhau. Va do d6 mé hinh thyc dé chay duoc thé hién dudi hinh sau.



Hinh 6. B6 2x2 itng véi logi ludi giang c6 canh tao xody (swirl-type spacer grid)

Hinh 5 va 6 o trén thé hién md hinh héa cing véi viéc ludi hoa cua b6 thanh 2x2
vei hai loai lugi giang khac nhau. Do viéc trong md hinh c6 nhi€u chi tiet nho nén ¢ day
ching t0i chi chia ludi ty dong va han ché cac thanh phan ludi c6 chat luwgng xau mot cach
thap nhat nhung van dam bao dugc 7bz‘1i toan chay dugc. So ndat tinh toan trong moé hinh la
1876779 danh gia ludi theo tiéu chuan skewness trung binh la 0.228
¢. Cac phuong trinh chii dao ding dwec thé thiét Iap mé hinh toan

Nhu chiing ta da biét khi giai quyét mot bai toan dong hoc chat luu thi chung phai
tuan theo ba phuong trinh la phuong trinh lién tuc, phuong trinh bao toan nang luong va
phuong trinh bao toan m6é men dong lugng cung vai md hinh dong chay roi k-Epsilon.

e Phuong trinh lién tuc:



CPLLV-(pT) =0
cr

e Phuong trinh bao toan mé men dong luong

el ,y. (pURU) = - Vp+V-r+8y
cr !

e Phuong trinh bao toan nang luong

oy h = o -
G lo) _OP g (U i) = V- (A VT) + V- (U-1) +U-Syy+ 8y
cr

ot
Trong do:
p 1a khéi luong riéng, /4 1a d6 dan nhiét
U 14 véc-to van toc T 1a nhiét do
p 12 4p suat tinh, Sy 1a mé men ngudn
7 12 ten-xo tng Suit truot Se 1a nang luong ngudn

hiot 12 entanpi tong

Sau d6 ching ta chia nhdé mé hinh thanh cac phan tir va ding phuong phéap sé dé giai sip xi
chang. Ung véi diéu kién bién cho bai toan trong ANSYS nhu sau:

- Nhiét d6 caa nuéc cap 12 35 °C

- Van tdc dau vao 1a 1,5 m/s

- Apsuat cua hé la 1,5 bar

- Ngudn nhiét 90 W/cm?®

2. Két qua tinh toan.

’ Sau khi chay bai toan dat t6i su hoi tu 1075 trong 30s chiing toi dua ra duoc mot sd
ket qua sau

Vrkthe e

Hinh 7a va 7b. P6 thi dé héi tu trong hai trirong hop mé phong sir dung
hai dang hedi giang “split-type” va “swirl-type”



a. Két qua dd xoay trong hai trwong hep wng véi hai loai spacer khac nhau

OO xody toivi triz«d Db D3 xody 10 v i 210 Db

Hinh 9. Bon mdt cdt trieong Xoay tuong 1ing Véi cac vi tri z = 0.5Dh, 1Dh, 4Dh, 10Dh
doi Vi ludi giang “split-type”

Hinh 10. Bon mt cat trueong Xody fuong iing Vi CAC Vi tri z = 0.5Dh, 1Dh, 4Dh, 10Dh doi
Vo1 ludi giang “swirl-type”



Hinh 11. Két qua md phéng trong thuec nghiém MASTIS-H déi lu6i gidng “split-type”

Tir két qua trong hinh 7 ching ta thay rang su khac biét vé dong chay trong
2 loai spacer khac nhau, Trong ca hai truong hop d6 xody Ién nht tai vi tri trung
tam giita cac thanh nhung khi sir dung spacer-swirl cho truong xoay dong déu hon
la khi str dung spacer-split. Hinh 8 va 9 cho két qua cit mit cit vé truong xody doi
véi hai loai spacer xét trong bai.

Do chling t6i thu thap duoc it thong s6 vé thuc nghiém nén ching tdi chi so
sanh duoc két qua trudng xody trong truong hop sir dung spacer-split cing véi két
qua md phong trong bai bao cé tén dugc chinh dan trong tai licu tham khao [1].
Qua két qua thdy rang truong xody tai vi tri gitta cac bo thanh 1a 16n nhat. Tuy
nhién ¢ day ciing chi so sanh dugc twong d6i vé hién tugng luan chir khdng co sd
liéu chinh xac
. Trwong nhiét do & mot s6 mit cit ciaa mo hinh

Tuy trong bai bai dwoc chich dan ¢ tai liéu tham khao [1] chi dua ra két qua
vé truong xody nhung ¢ ddy chung toi dwa thém nhiét 6 vao cac thanh va tién
doan veé truong nhiét do, két qua vé trudng nhiét do dugc thé hién ¢ hinh 11 va 12.
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Hinh 12. Két qud trweong nhiét dé doi Vi logi ludi giang “split-type”
tai vi tri z= 0.5 Dh va 10Dh
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Truéna nhiét d6 tai vi tri z=0.5 Dh Truong nhiét d§ tai vj tri =10 Dh
Hinh 13. Két qud trweong nhiét dé doi véi loai ludi giang “swirl-type”
tai vi tri z= 0.5 Dh va 10Dh
Qua két qua ¢ hinh 11 va 12 ching ta thy rang truong xody déu hon thi su
ldy nhiét tir cac thanh 1a dong déu hon &ng vai loai spacer-swirl con déi véi loai
spacer-split thi khong dong déu thé hién & cac mat cat trén hinh. Tuy nhién nhiét ddi
véi loai spacer-split thi lwong nhiét lay ra dugc nhiéu hon
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1. KET LUAN

Bai viét nay nhom tac gia da dua trén thuc nghiém bé thanh nhién liéu 5x5 trong
thue nghiém MATIS-H dé mo phong b6 nhién liéu 2x2 cing véi kich thudc cua kénh tai
nhiét 13 nhu nhau. Pua ra mot s6 két qua vé trudng xody tai cac mat cit dang sau ludi
giang tao dong chay rdi va so sanh truong xody voi két qua méd phong cua nhom tac gia
cua thuc nghiém MASTIS-H. Pua thém phan mé phong cua qué trinh tai nhiét cia nudc
du doan két qua truong nhiét d6 qua hai loai spacer.

Han ché cua bai bao 1a budc dau chi md phong duoc bo 2x2 nén viéc so sanh voi
két qua thuc nghiém 1a khong twong thich chi ¢6 thé so sanh dugc vé mat hién tuong luan.
Tuy nhién ddy ciing 1a budc dau tién, tiép theo nhom s& md phong thuc nghiém bé 5x5
hozc 1a nghién cau lai cac diéu kién bién phd hop dé tién cho viéc danh gia.
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EFFECTS OF GEOMETRY SPACER GIRD TO REMOVING HEAT
PROCESS FROM FUEL BUNDLE IN EXPERIMENTAL MASTIS-H
USING ANSYS SOFTWARE

Abstract: In the safety of reactors and nuclear power plants, it is important to loading
heat from fuel bundles. The geometry of spacer grid is one of many factors affecting
this process heat load. The geometry of the spacer grid affects to flow as well as
distribution of the flow and this affects to heat exchange of the fuel rod with cooling
water. The paper used ANSYS software to simulate the problem based on the
MASTIS-H experiment and the results show a vortex field, predicts the temperature
field in the fuel bundle model using two different spacer gird. From the simulation
results obtained, we can evaluate the effect of the spacer gird geometry to the loading
heat process.

Keywords: computational fluid dynamic, removing heat process, ANSYS, spacer gird



