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Tém tit - M hinh sb mot chidu duoc thiét 1ap dé nghién ctru sur
phéan bd nhiét do trong cc tank tich trir nhiét ¢ dang nhiét hién dwa
trén phuong phap thé tich hiru han. Anh huéng cta sy hoa tron nude
& dau vao cac 6ng phan ph01 ciing dugc ké dén trong mé hinh. Mo
hinh sb duoc 4 ap dung dé khao sat phan bd nhiét do cho 2 tank tich
trit ¢ qui md thé tich khac nhau tir cc nghién ciru di dugc cong
b4: 0,1m? va 2000m?. Két qua phan bd nhiét d6 xac dinh tir mé hinh
s6 duoc so sanh véi dit lidu do dat tir thue nghiém. Viéc kiém chimg
cho thdy, mé hinh cho két qua dang tin cy, cac két qua mo phong
sai khac khong 16m do vai dir liéu thuc nghiém. M6 hinh phat trién
trong bai bao nay co thé 4p dung dé nghién ctru t5i wu cac tank trix
nhiét dic biét 1a cac tank c6 thé tich 16n ma viée ap dung cac mo
hinh hai hodc ba chidu doi hoi rat 16n vé tai nguyén may tinh.

Tur khéa - Tich trir nhiét; sy phan tAng nhiét; phuong phéap thé
tich hiru han (FVM); phan bo nhiét dg; tich trir nhiét hién.

1. Dit van dé

Tich trit nang lugng dudi dang nhiét hién dugc Ung
dung rong rai trong thyc t& nhu trit lanh trong cac hé thong
diéu hoa khong khi, trir nhiét trong cac hé théng thu ning
lwong mat troi, chu trinh két hop nhiét — di€n, bom nhiét
va céc hé théng khac. Trong cac hé théng diéu hoa khong
khi 1am mat bang nudc (water chiller), lanh dugc tich trir &
gid thap diém, thuong vao ban dém, va duoc st dung & gid
cao diém. Viéc nay gitip tranh qua tai ludi dién & gio cao
diém cling nhu tiét kiém chi phi van hanh. Ngoai ra, hé
théng hoat dong vao ban dém thi hi¢u sudt cia hé théng
ciing cao hon. Trong khi & cac hé théng thu ning luong mit
troi, nang lugng nhiét dugc tich trit vao ban ngay va dugc
dung cho ban dém.

Vi viée tich trit nang lugng dudi dang nhiét hién trong
khoang nhiét do thap, thi nudc str dung kha phd bién vi c6
khdi luong riéng va nhiét dung riéng cao, sin co, chi phi
thip va an toan voi moi trudng [1]. Hé thong tich trit ning
luong dudi dang nhiét hién dung nude st dung 1 binh tich
trlr dya trén sy phan téng nhiét d6 dugc st dung rong rai vi
hé théng don gian, giam dugc khong gian lép dat, dé van
hanh bao dudng va gitp giam duoc chi phi dau tu so véi
hé thdng tich trir nhiét & 2 binh riéng biét [2]. V&i hé thong
tich trir nang lugng su dung 1 binh chua, cd nudc ndéng va
nudc lanh dugc chira vao 1 binh, khong ¢6 vach ngén cach.
Nudc néng vao & dinh binh va nudc lanh dugce 13y ra & day
binh sy phan ting ctia nudc trong binh hinh thanh nho Iyc
nang khi ¢6 sy chénh léch nhiét d6. Co bdn nguyén nhan
chinh gép phan 1am t6n that va suy giam hiéu qua lam viéc

Abstract - A one-dimension numerical model is developed to study
the temperature distribution in the sensible heat storage tank using
the Finite volume method. The effect of the water mixing at inlet
diffuser is also included in the model. The model is applied to
investigate the temperature profile in the two tanks having different
volume scales, 0.1m? and 2000m’, from literature being published.
The temperature-distribution results are compared with
experimental data. The validations of the model show that, the
model give the reliable results. The simulation results are not much
different from the experimental data. The model developed in this
paper can be applied to optimally study heat storage tanks, especially
large volume tanks, which the application of two- or three-
dimensional models require a lot of computer resources.

Key words - Thermal storage; heat stratification; Finite Volume
Method (FVM); temperature distribution; sensible heat storage.

cta tank tich trir [1, 3, 4, 5] (i) Nhiét that thoat ra moi
truong xung quanh; (i) Khuéch tan nhiét tir 16p nudce nong
sang 16p nudce lanh; (iii) Dian nhiét & vo binh cling véi ton
that tao ra cac dong d6i luu trong khéi chat long; (iv) Qua
trinh hoa tron xdy ra & cac dau 6ng phan phdi nude vao
binh trong chu ky nap va xa.

Cac nghién ciru lién quan dén sy phan tang nhiét do tap
trung vao xdc dinh cdc nguyén nhén gy pha v& su phén
tang nhu da dé cap & trén tir 46 im ra cac giai phap dé nang
cao hiéu qua cua tank tich trir. Phuong phap giai tich hay
con goi la phuong phap chinh xac dugc phat tr1en dé nghién
ctru tank tich trit c6 thé im thy trong mot s nghién clru
[6, 7, 8] Phuong phap nay thuong dugc dya trén mot s6
gia thiét dé bai toan tré' nén don gian hon [2]. Mic du vay,
do dic diém cua bai toan trong tank tich trir 13 bai toan
khong 6n dinh va tinh chat nhiét phuc tap nén cac phuong
phap chinh x4c ciing trd nén phirc tap ngay ca ddi voi cac
mo hinh mét chidu. Chinh vi vy, hau hét cac nghién ctru
lién quan dén sy phan ting thuong dua vao cac phuong
phap thuc nghiém hodc phuwong phap sé hon la phuong
phap giai tich [1, 3]. Cac nghién ciru thyc nghiém chi yéu
tap trung vao phan tich sy phan bd nhiét do ciia nude trong
tank ké dén sy anh hudng cua cac loai ddu phan phdi nudce
khéac nhau vao binh. Nghién ctru thyc nghiém dugc thuc
hién chi yéu véi céc tank tich trix c6 thé tich nhé va dugc
dung dé kiém chtmg cac mé hinh mé phong 1y thuyét [9,
10]. Vi phuong phéap s6, phuong phap sai phan hitu han
(FDM) cho bai toan mot chiéu duoc ap dung rong rii. Véi
sy phat trién ciia may tinh, nhiéu phan mém thuong mai vé
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khi ddng luc hoc tinh toan dya trén phuong phap ph?m fr
hiru han (FEM) va thé tich hitu han (FVM) nhu COMSOL,
ANSYS Fluent da duoc 4p dung dé nghién ciru tbi uu cac
tank tich trir [11, 12, 13].

Mo hinh mé phong ba chiéu ¢6 kha ning mé ta day du
cac yéu to anh huong dén hiéu qua lam viéc cua tank tich
trit. Tuy nhién, véi viéc lya chon mé hinh nay dé mé phong
cac hé thdng tich trir 16n s& khong phu hop vi yéu cau tai
nguyen may tinh 16n ngay cé khi ap dung mod hinh hai
chiéu. Liic ndy, md hinh mé phong mot chiéu 1a su Iya chon
phtt hop hon cho du do chinh x4c thap hon. M6 hinh mot
chiéu cling dugc lya chon cua mot ) phén mém thuong
mai dung cho viéc md phong sy thay ddi nhiét do trong
tank tich trit nhu TRNSYS (Transient System Simulation
Tool). B chinh xac cua moé hinh mot chiéu c6 thé duoc cai
thién boi viéc ding cac hé sé hiéu chinh ké dén cac yéu t6
anh hudng. Ngoai ra, mo hinh mét chiéu phu hop cho mé
phong cac tank trir dugc thiét ké tdi wu vi céc tank tich trix
t61 uu thuong c6 dong chuyén dong cia méi chat cha yéu
12 mot chiéu [10]. Cac mo hinh s6 mot chiéu dua trén
phuong phap FDM dugc xdy dung dé nghién ctru sy phan
t?mg nhiét d6 cho cac tank trir nhé c6 thé tim th?iy trong cac
nghién ciru [12, 14, 15]. Ap dung mé hinh mét chiéu vao
tank tich trir ¢6 kich thudce 16n duge thuc hién bdi Joko
Waluyo [16]. O nghién ciru ndy, mé hinh mét chiéu dugc
xdy dung dua trén phuong phap FDM véi sai phéan thoi
gian theo phuong phap tudng minh (explicit scheme) c6 ké
dén sy dan nhiét & vo tank, sy dan nhiét trong chét long va
sy anh huong cua sy hoa tron tir cac 6ng phan phdi nude
vao binh. M6 hinh dugc 4p dung mé phdng tank lanh cé
thé tich 5400m?3 cho két qua phan bd nhiét do phu hop voi
cac dir liéu do duoc tir van hanh thuc té.

Trong nghién ctru nay, m6 hinh s6 mot chiéu duya trén
phuong phap FVM duoc phat trién dé nghlen ctru sy phan
tang nhiét ciia nudc trong tank c6 ké dén anh hudng cua su
hoa tron ctia dong chit long vao binh. M6 hinh dugc ap
dung dé mo phong su phan bd nhiét do cho ca tank chira
qui md nho va 16n. Két qua ciia md hinh duoc so sanh véi
két qua nghién ctru thuc nghiém da duge cong bd tir cac
nghién ctru [17, 18].

2. M6 hinh toan va xAy dung mé hinh mé phéng sé
2.1. M6 hinh todn cho tank tich tri nhiét

Mo hinh mét chiéu cho viéc nghién ctru tank tich trit c6
thé don gian dya trén mot sb gia thiét:

1) B6 qua ton nhiét tir tank ramoi trudng. Thu’orng tank
dugc cach nhiét t6t thi lugng nhiét ton that khong
dang ké;

2) Bo qua anh hudng dan nhiét ciia vo tank;

3) Nhiét d6 ciia moi chat dau vao tank khong doi.

M0 hinh toan hoc cuia tank tich trlt dugc xay dung dua
trén bai toan mot chiéu ké dén anh hudng cta 2 phwong thire
trao doi nhiét 1a din nhi¢t va ddi luu. Dan nhiét xuét hién do
su chénh 1éch nhiét d§ cua nudc ndong va nude lanh va dbi
Iwu do chuyén dong ciia nude trong tank. Mién hinh hoc cua
md hinh dugc thé thé hién trong Hinh 1. Tank ¢6 duong kinh
D chiéu cao L. Theo phuong phap FVM, tank tru dugc chia
thanh » phan tir theo chiéu cao ciia tank va dugc danh s6 1 +
n trong g voi nhiét do & tim cac phan tir T; + T,

/h, Tin

x=0 i

/77
v

40Tz
$ Oox
/‘ Ti
i@[& 1/2‘
Ox x+dx
y

/Tn
'

m, Tout
Hinh 1. M6 hinh mét chiéu cho tank tich triv dya trén FVM
Phuong trinh cAn bang ning luong cho phan tir chat 1ong:
aT aT /1f 0%T
S Hu — (M
ot ox psCr 0x?
Trong d6: T - nhi¢t do (°C); t - thoi gian (s); A - hé )
dan nhiét (W/m.°C); Ps- khéi lugng riéng (kg/m?);
- nhiét dung riéng (J/kg.°C) cuia nudc ¢ nhiét 4o T va
u 13 van tdc cia nudce theo phuwong x (m/s).

X

dx

x=L

e  Diéu kién ban dau:
t=00<x<L:T=Tyu=0 ()

e  Diéu kién bién:

+ Van tc dong moi chat

t=>0:uy = Ugyr = Ug 3)

+ Nhiét d6 nudc vao binh khong doi
T=Ty “)
+ Nhiét do nudc ra khoi binh bang nhiét 6 phéan tir ké can
Tout =Ty (5)

2.2. Xay dung mé hinh mé phong sé
2.2.1, Cdc phan tir bén trong

Ung v6i cac phan tir bén trong i = 2 +n — 1. Ly
tich phén thé tich phuong trinh (1):

oT A 0°T o(T
v f—f—dV—f @) 4w (6)
ot psCr 0x? dx
v o cv
Ap dung ly thuyét phéan ky cho (6) ta dugc:
oT ar ( 6T> ( 6T>
x =(ar— —\ar 5=
ot f Ox i+1/2 4 0x i-1/2 (7
- (uTi+1/2 - UTi—l/Z)
Trong do:
aT ar \ \ X e s
(af a)in/z , (af a)i—uz la thanh phan khuéch tén;

X £: . Af 1A
uTj41/2,uT;—1 /7 1a thanh phan doi luu; va ay = p—’; la hé
fef

s khuéch tan nhiét.
+ V6i thanh phan khuéch tan tir phuong trinh (7), ap
dung sai phan gitra:

(a 6_T> =a (ﬂ):p (T, — T;_,) (8)
s 0x i-1/2 s Ax AN -1
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aT Ty —T;
(05)  =e()=pTn-1  ©
0x/iy1/2 Ax
Trong do:
ar
=L 1
T~ Ax (10)

+ Xép xi cac thanh phan ddi luu tir phwong trinh (7):
Ap dung h¢ First-Order Upwind:
UTiy1/2 — UTiq 2 = u(T; — Ti—y) (11)
+ X4p xi thanh phﬁn phu thudc vao thoi gian: Ap dung
phuong phap ham an (Implicit scheme):

aTin+1 B Tin+1 _ Tln

= (12)
at At
Keét hop cac phuong trinh (7) - (12) ta duoc:
T'n+1 _ T.n
l l
TAX = [Df(Ti+1 - ZTL + Ti—l) - u(Ti (13)
n+1
—Ti-1)]
Sép xép lai (13) ta duoc:
Ax
—(u + Df)TLriql + (_ +u+ ZDf) Tin+1

Ax
— DT = ETin
Cac phan tir bién: Tuong ty phan tir bén trong, ap dung
sai phan giita cho dai lwong khuéch tan, First-Order
Upwind cho dai lugng dbi luu va ap dung cac diéu kién
bién ta duoc:
+ Phén tir bién /:

Ax
(_ +u+ 3Df> T{H—l — DfT2n+1

= ETln + (u + ZDf)T;;LL_Fl
+ Phan tir bién n:

Ax
At
2.2.2. Anh hwéng ciia ong phdn phoi dén sw phdn tang

Ax
—(u+ Dp)TiH + ( +u+ Df> T,"" = e (10

Céc dau dng phan phdi méi chit vao tank c6 anh huong
dang ké dén hiéu qua lam viéc cia tank tich trir. M6 hinh
mdt chiéu xay dung trén chua ké dén anh huong ctia sy hoa
tron cia moi chat & cac dau phan phdi. Anh hudng cia su
hoa trén c6 thé duoc ké dén thong qua hé s6 hoa tron hay
con goi 1a hé sé khuéch tan hiéu qua sy [10]:

_(ay +en)
Eepp = Ty

Eerf €6 gid tri 1on hon 1 véi dong moi chat chay rdi va
bang 1 véi dong chay tang (ey = 0). Hé s khuéch tan hiéu
qua dugc ké dén qua phuong trinh (1):

aT aT 0°%T
—t+uUu—-= af.geffﬁ

(17)

(18)
Jat Ox
Trong nghién ciu nay, hé s6 khuéch tan hiéu qua dugc
xay dung bdi [10] dugc ap dung.
2.2.3. Cdc bude xdy dung mé hinh s6
Mb hinh s nghién ciru sy phan tang nhiét d6 trong tank
tich trir dya trén phuong phédp FVM duoc xay dung theo
cac budc chinh sau:

- Chia nh6 mién hinh hoc cuia tank tich tri thanh n phan
tir (doc theo chiéu cao tank nhu Hinh 1);

- Xép xi phuong trinh vi phan cho mdi phan tir (bao
gom ca thanh phén do6i luu va khuyén tan) thanh cac
phuong trinh dai s6 cho cdc phan tr bén trong (phuong
trinh (14)) va cac phan tit bién (phuong trinh (15) va (16));

- Thiét 1ap hé phuong trinh dai s6 gdm n phwong trinh
tir cac phuong trinh (14), (15) va (16);

- Chon budc thoi gian (At) va giai hé phuong trinh dai
s0 theo diéu kién ban dau (2);
- Kiém chimg mé hinh.
2.3. M6 hinh kiém chitng

Dé kiém chimg mé hinh s6 dugc xay dung, md hinh
dugc 4p dung dé md phong cho céc tank tich trit c6 kich
thudc khac nhau. D@ li€u thuc nghiém dugc ap dung dé
kiém chtg mé hinh c6 thé tim thay trong céc tir nghién
ctru [17] va [18] tuong ung véi tank co kich thuge nho
(Tank A) va 16n (Tank B). Hinh 2 thé hién két cdu cua cac
tank va cac thong sb chinh dugc thé hién trong Bang 1.

dau vao
o
T S
— — hd
dau vao j Tre—]
tdm chan Tis—}
TIi
KL PR ﬂ\ Tia___}
t&m chén, 1Ts T
4Ts Tiz__]
TTs
I T}
4717 Tio_]
+Ts =}
+To T %
1To | o Jo—| -
Tn 2 T7
2 L L Tio 2 e ial aa ]
caTtlehn Tt cam bién nhiét d6/ Ts__|
nhiét|do/ 11, T T
—_— 5§
+Tis
1T T
11, Ta__]
+Tis
T To_|
T20 T
— u— (=]
u B "
dat ra daura
400 L 212900 |

(a) (b)

Hinh 2. Két cdu tank tich triv tir thyc nghiém (a) Tank kich
thuce nho [17], va (b) tank kich thwoc lon [18]
Bing 1. Céc théng s6 chinh ciia mé hinh thuc nghiém
tank tich triv

Céc thong sb chinh Tank A [17] Tank B [18]
Puong kinh (m) 0,4 12,9
Chiéu cao (m) 0,8 14,99
Thé tich nu6c (m?) 0,1 2000
Luu luong khdi lugng (kg/s) 0,03 0,56
Nhiét do nude lanh (°C) 23 44
Nhiét do nu6e nong (°C) 44 96

Mo hinh thyc nghiém tank nho co thé tich 0,1m3, nudc
nong vio phia trén cua tank véi tim chian hudng dong va
nudce ra khoi tank tr day. Nhiét do doc theo chiéu cao cua
tank dugc do bi 20 cam bién nhiét do véi sai sé +0,5°C. Dt
liu nhi€t d¢ duoc thu thip voi bude thoi gian 10s. Tank 16n
v6i thé tich 2000m? 13 tank tich trir nhiét trong nha may
nhiét-dién két hop Hvide Sande (Pan mach). C6 16 cam bién
nhiét d6 (PT100) duoc 1ép dat doc theo chiéu cao tank (do
cam bién thr 15 bi hong nén khong co6 gia tri nhiét do thu
duogc o vi tri ndy), voi cam bién thap nhat cach day tank 0,5m
va cam bién cao nhét cach bo phan phéi nuéc phia trén 0,5m.
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Sai s clia cam bién nhiét d6 ndm trong khoang tir + 0,50°C
dén + 0,78°C twong ung véi nhiét do ciia nude 40°C dén
95°C. Dit liéu dugc thu thap sau mdi 15 phit. Chi tiét vé cac
tank c6 thé tim thdy trong cac nghién ciru [17, 18].

3. Két qua va binh luin

Mb hinh s6 duoc 4p dung mé phong cho qua trinh nap
chia 2 tank tich trit ¢6 thé tich khac nhau: tank c6 thé tich
nho (Tank A) va tank c6 thé tich 16n (Tank B). Su anh
hudng cia mét do ludi va hé s6 hoa tron duge dé cap. Ca 2
mod hinh thyc nghiém déu c6 bd phan phdi kiéu tdm chin
nén hé s hoa tron tai dau dng phan phdi duoc phat trién
boi [10] duoc ap dung:

elt; = 4,75(Re/Ri)**% (18)

Trong do:

- Re 1a s Reynolds Re = prwrd/us. V6i pg la khdi
lugng riéng cia nudc; wy la tbc d6 nude tir ng phan phdi
vao tank; d 12 duong kinh 6ng phan phdi va Uy la do nhot
dong hoc cua nudc.

- Ri 1a s6 Richardson Ri = Aps.g.H/(py. w?). Vi
Apy 1 trj tuyét d6i cia @6 chénh khéi luong rigng & dicu
kién nhi¢t d6 ban dau va nhiét do mdi chat dau vao; H 1
chiéu cao hiéu qua la khoang cach tir 6ng phan phéi vao
dén cam bién nhiét do sat day binh.

Gié trj ctia hé s6 hoa tron &, dugc thay doi theo ham
hyperbol tir gid tri ee r tal dAu vao dng phéan phdi dén bang
1 & d4u ra khoi binh [10]. Cac thong sb vat Iy ciia nude duogc
ndi suy theo nhiét do ciia cac phan tir. Phan bd nhiét do ban
dau cta nude trong Tank A dong nhat bang 23°C trong khi
phan b nhiét d6 trong Tank B ¢ thoi diém ban dau 1a khong
ddng nhat va dugc 1ay tir két qua do dac thuc nghiém.

3.1. Tank co kich thuoc nho

Anh huéng ctiia mat d6 luéi dén két qua phan bd nhiét
ctia m6 hinh s duoc so sanh véi dit liéu thuc nghiém cho
Tank A duge thé hién trong Hinh 3. Phan b6 nhiét 6 duoc
tinh toan ¢ thoi diém 1500s cta qua trinh nap voi phan b
nhiét do cta nude trong binh ¢ thoi diém ban dau (t = 0)
1a ddng nhat & 23°C véi bude thoi gian At = 1s va hé s6
hoa tron tinh theo cong thirc (18). Cac két qua cho thay,
mat d6 ludi anh huong déng ké dén két qua mo phong. Véi
mo hinh khéo sat, két qua moé phong gan nhu thay do6i
khong dang ké khi tang mat d¢ ludi 16n hon 500 phan tur.
V01 viéc chon sb phan tir ludi phu hop md hinh cho két qua
vé su phan bd nhiét do trong tank rat gan so vdi véi két qua
do dac thuc nghiém.

Hinh 4 biéu dién anh huéng ciia hé s6 hoa tron £ FF cua
ong phéan phdi ¢ dau vao binh dén két qua phan bd nhiét do
khi 4p dung mo hinh s6 va dugc so sanh voi dit ligu thuc
nghiém. Khi khong ké dén anh huong cta sy hoa tron cua 6ng
phéan phdi (g5 = 0 hay eeff = 1) hodc khi chon hé s6 hoa
tron qua 1on s& din dén sai khac dang ké giita két qua mo
phong va két qua thuc nghiém. Viéc don gian mé hinh ba
chiéu thanh mo hinh mét chidu da lam mét di sy anh huong
cta sy hoa tron cﬂa mdi chit o dau vao dng phan phéi. Tuy
nhién, 4p dung hé s6 hoa tron £ 77 dugc tinh tir cong thire (18)
(co gia tri 1a 112) da cai tién dang ké dén két qua mo phong.

Tur két qué ta cling ¢6 thé thiy duoc v6i ché do chay tang Gng
véi egf; = 1 thi do day 16p phan ting nhiét d6 nho nhét va do
day 16p phén ting tang khi hé s6 hoa tron ting.
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3.2. Tank co kich thuoc lon
Két qua md phong phan bd nhiét d6 ¢ Tank B sau thoi
gian 15 phut va 6 gio so voi dir licu thuc nghi€ém dugc thé
hién & Hinh 5. Phan b nhiét d6 ¢ thoi diém ban dau 1a khong
déng nhét va dugc xac dinh tir thuc nghiém. Trong mo
phoéng cac gia tri nhiét d6 ban dau cua cac phﬁn tor dugc noi
suy tir cac gia tri do thuc nghiém. Két qua kiém ching cho
thay, két qua khong phu thudc vao budce thoi gian Iya chon
At = 10s khi sit dung cho m6 hinh nay voi cac mat do ludi
khac nhau. Cac mat d§ Iudi khac nhau dugc khao sat cho
thay, phan bd nhiét do trong binh gan nhu khong thay doi
khi mat d6 ludi I6n hon 200 phan tir. Cac két qua mé phong
cho thiy, phan b nhiét d6 ¢ thoi diém 15 phut tring khép
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voi dir liéu thuc nghiém. Tuy nhién, véi khoang thoi gian
16n hon, sau 6 gio, su sai khac gilta m6 phong va thuc
nghiém ting dang ké. M6 hinh da cho két qua kha tot vé su
phan bd nhiét d6 trong tank so voi két qua thyc nghiém.

14
12 -
10 -
E
£ e
8
o
@
o ;
@ 6F g
= i
Q o
T
a9
¢ p O Nhiét do ban déu [18]
: O Thue nghiém sau 15 phat [18]
2r S M5 phéng sau 15 phut
* Thwe nghiém sau 6 gio [18]
M6 phéng sau 6 gidr
0 .
40 50 60 70 80 90 100

Nhiét @ (oC)

Hinh 5. Anh huong ciia mdt dg ludi dén
sw phdn bo nhiét do trong tank lon
14 T T T T

Thue nghiém sau 6 gio [18]
6 git, hé sé hoa trén (18)
15 phut, hé sé hea trén 1

6 gio, hé s hoa trén 1

15 phut, hé sé hoa trén 1000
8 gir, hé sé hoa trén 1000

-
€ L=
£ 8 7"
8 L
5 |
o
8 / "
2 6f d *
= |
o o _—F
4t B O Thuc nghiém sau 15 phut[18]
qu- ———— 15 phut, hé sé hoa trén (18)
|

40 50 60 70 80 20 100
Nhiét d8 (oC)
Hinh 6. Anh huong ciia hé s6 hoa trén dén
sy phdn tang trong tank lon

Hinh 6 bidu dién anh hudng cua cac hé s hoa tron khac
nhau (s = =1, 1000 va gia tri dugc tinh tir cong thuc (18)
14 256) dén két qua phan bd nhiét do trong tank thé tich 1on.
Két qua cho théy, cac gia tri cia h¢ s6 hoa tron duge dé cap
gan nhu khong 1am thay d6i phan b nhiét do & ca 2 thoi
diém xét dén, 15 phut va 6 gio. Piéu nay rat khac so véi
truong hop tank c6 thé tich nho. Tuy nhién, viéc khao su
anh huong cta hé s6 hoa tron chi dé cap dén mot vai gia
tri. Tir két qua nghién ctru cho théy, viéc ap dung hé s6 hoa
tron theo cong thire (18) duge dé xudt tir nghién ctru [10]
cho két qua kha phu hop cho bd phan phéi ¢6 tim chin kiéu
dia véi céc tank kich thudce khac nhau.

4. Két luin

Nghién ciru da xdy dung duoc mo hinh mot chiéu mo
phong phan bo nhiét d6 cho tank tich trit dudi dang nhiét
hién dua trén phuong phap FVM. M6 hinh dugc ap dung

dé tim phan bé nhiét do trong cac tank co kich thudc khac
nhau. Két qua tir md hinh duogc kiém chung voi dit liéu thuc
nghiém cho thdy mé hinh Ia dang tin cay.

Mat d6 ludi anh hudng rat 16n dén két qua mo hinh. Sy
anh huong ciia hé s6 hoa tron chi dang ké véi tank co kich
thudc nhd trong khi vai tank c6 kich thudc 1on thi sy anh
huong cho thay rat nho.

Mb hinh cé thé ap dung dé nghién ctru tdi wu cac tank
tich trlir dudi dang nhiét hién voi cac kich thudc khac nhau
didc biét 1a cac tank c6 thé tich 16n vi tank kich thude 16n
yéu cau rat 16n vé kha ning ciia may tinh va thoi gian md
phong khi 4p dung cic mé hinh hai hodc ba chiéu.
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