Tap Chi Khoa Hoc Gido Duc Ky Thudt So 6.? (04/2021)
Truwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

71
] ~ NGHIEN CUU PANH GIA ANH HUONG ,
CUA THONG SO HINH HQC VA DONG CHAY DEN HIEU SUAT
EXERGY CUA THIET BI TRAO POI NHIET ONG LONG ONG
DANG XOAN BANG PHUONG PHAP MO PHONG CFD

A STUDY TO EVALUATE THE EFFECTS OF GEOMETRICAL
PARAMETERS AND FLOW PARAMETERS ON THE EXERGY EFFICIENCY
OF TUBE-IN-TUBE HELICAL HEAT EXCHANGER BY CFD SIMULATION

Nguyén Thanh Luan?, Nguyén Minh Ha?

YTriong Dai hoc Su pham Ky thugt TP.HCM, Viét Nam

2Triomg Dai hoc Giao thong vdn tai phan hiéu tai TP.HCM, Viét Nam

Ngay toa soan nhdn bai 26/10/2020, ngay phan bién danh gia 18/11/2020, ngay chdp nhdn dang 25/12/2020
TOM TAT

Bai bdo trinh bay nghién ciru danh gid dnh hwéng ciia théng sé hinh hoc va théng sé

van hanh dén hiéu sudt exergy ciia thiét bi trao doi nhiét ong long ong dang xodn bang mé

phong s6 (CFD). Hiéu sudt exergy diroc khdo sdt théng qua bé tri thi nghiém theo phwong

phdp dap irng bé mat. Cac mé hinh todn hoc lién quan dén phwong trinh nang lwong, hiéu

sudt trao doi nhiét, hiéu sudt exergy dwoc phdn tich bang phdn mém EES (Engineering

Equation Solver). Két qua nghién civu cho thdy, hiéu sudt exergy ciia thiét bi tang khi ting

$6 Reynolds ciia dong miwdc noéng, giam sé Reynolds ciia dong nwée lanh, ting dwong kinh

vong xodn, giam budc vong xodn. Trong pham vi khdo st véi sé Reynolds ciia nmiede néng

va lanh lan lwot la Rep = 9000 + 27000, Re. = 10000 + 30000, dwong kinh vong xodn tir

De= 60 = 120 mm, buéc vong xodn he = 20 = 30 mm thi hiéu sudt exergy ciia thiét bi tot

nhat dat n. = 6,607% wng voi truong hop Re, = 27000, Re. = 10000, D =90 mm (D./d = 6),
he=25 mm (he-d = 10 mm).

Tir khéa: Thiét bi trao doi nhiét ong long ong; thiét bi trao doi nhiét ong long ong dang xodn;
mo phong CFD; hi¢u suat exergy, phwong phap thuc nghiém dap vng bé mat.

ABSTRACT

The paper presents research on the influence of geometrical and operating parameters
on the exergy efficiency of tube-in-tube helical heat exchanger by using numerical simulation
(CFD). The analytical solution for the mathematical model involving energy, the
effectiveness and the exergy efficiency of a tube-in-tube helical heat exchanger is obtained
using an EES (Engineering Equation Solver) program. The results of the study show that, the
exergy efficiency increase with increasing the Reynolds number of hot water (Ren),
decreasing the Reynolds number of cold water (Rec), increasing coil diameter (Dc),
decreasing the coil pitch. In the scope of the survey with Reynolds numbers of hot and cold
water (Ren and Rec) from 9000 to 27000 and 10000 to 30000, respectively; coil diameter (D¢)
from 60 mm to 120 mm the coil pitch (h¢) from 20 mm to 30 mm, then the exergy efficiency of
tube-in-tube helical heat exchanger obtained maximum of 7. = 6,607% corresponding to
Ren = 27000, Rec = 10000, D, =90 mm (D¢/d = 6), hc=25 mm (hc-d = 10 mm).

Keywords: double-pipe heat exchanger; tube-in-tube helical heat exchanger; CFD simulation;
exergy efficiency; response surface method.
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1. GIOI THIEU

Ngay nay thiét bi trao d6i nhiét duoc sir
dung rong rai trong cac Ung dung cong
nghiép va k¥ thuat. Dé thiét ké mot bo trao
ddi nhiét hiéu qua thi cdn quan tim dén nhiéu
yéu t6 nhu: chi phi dau tu, tudi tho thiét bi,
hinh dang, kich thudc, dac biét 1a kha nang
trao doi nhiét va ton that 4p sudt qua thiét bi.
iy 1a mot cong viéc kha phuc tap ddi véi
nguoi thiét ké. Cac nghién ctru chi ra rang khi
st dung cac giai phap tang cuong kha nang
trao d6i nhiét thi ton that ap suit ciing ting
1én dan dén ting cong ctia bom, quat. Do d6
viéc lya chon mot giai phap thiét ké hop 1y 1a
rit quan trong. Mot trong nhitng thiét bi trao
d6i nhiét don gian dwoc su dung rong rai
trong nhiéu nganh cong nghi€p (hoa chat,
thuc pham, dau khi, dét may) la thiét bj trao
d6i nhiét kiéu dng 16ng dng. Loai thiét bi trao
d6i nhiét nay c6 diy nhiét d6 lam viéc rong,
c6 thé 1am viéc & ap suét cao, chi phi thiét ké
va bao tri thap. Doi véi thiét bi 6ng long ong
dang thang mic du don gian trong ché tao,
tuy nhién hi¢u suét trao doi nhiét khong 16m,
thiét bi 16n, cong kénh. Vi thé, dé cai thién
kha nang trao ddi nhiét cua loai thiét bi nay,
da c6 nhiéu nghién ciru lién quan nhu: nghién
clru bd tri canh xodn cua Zhang va cong su
(cs) [1], sir dung canh hinh tron duc 16 cta
Sheikholeslami va cs [2], st dung canh hinh
chir nhat doc theo 6ng ctia Barga va Saboya
[3], str dung Ong trong c6 hinh dang gon song
cia Yang va Chiang [4], sir dung 6ng c6 dang
gap nép cua Dizaji va cs [5].

B9 trao doi nhiét dang 0 ong xoén cing la
mot dang thiét bi trao d6i nhiét kiéu & ong long
6ng, loai thiét bi nay c6 hiéu suat truyén
nhiét cao va co kich thude nho gon hon so
v6i loai ong thang [6]. bé danh gia hiéu qua
lam viéc c6 nhiéu diéu tra vé dic tinh truyén
nhiét va thay luc thlet bi nay nhu: Yang va cs
[7] nghién ctru vé anh huong cua bude cudn
ong lén s6 Nusselt trong ché d6 dong chay
tang. Rennie va Raghavan [8] nghién ctru
thyc nghiém dac dlem truyen nhiét ciia mot
vong Ong voi hai cau hinh b tri dong chay
song song cung chidu va nguoc chiéu.
Mashoofi va cs [9] nghién ctu anh huong

ctia canh dang xodn dén dic tinh truyén nhiét
va ma sat. Fouda va cs [10] nghién ctru mo
phong dleu tra hiéu suat nhiét cua thiét bi voi
nhiéu éng nho bén trong. Qua d6 cho thay,
cac nghién ctru dé nang cao hi¢u qua truyen
nhiét cua thiét bi trao doi nhiét 6 éng long ong
dang xodn di duoc diéu tra vé mit sd hoc va
thuc nghiém.

Trong thiét ké hé théng nhiét, hi¢u suét
exergy duoc xem la cong cu hiru ich dé danh
gi4 tiém ning sinh cong va tinh khéng thuan
nghich cua qua trinh. Qua nghién ctru tai liéu,
cac nghién ctu chu yéu tap trung danh gia
hiéu qua trao doi nhiét va ton that ap suat cua
thiét bi Gmg voi cac giai phap cai tién, tuy
nhién chua thay c6 danh gia cu thé lién quan
dén hiéu suit exergy cua thiét bi éng 1ong
éng dang xodn. Do d6, dé c6 cai nhin tong
quat hon, danh gia hiéu suit exergy di duoc
diéu tra trong nghién ciru niy thong qua mo
phong sb CFD két hop giai tich, dé xem xét
anh huong cia thong s6 hinh hoc dng xoan:
duong kinh va budc vong xoan; théng sb van
hanh: s6 Reynolds ctia dong nudc néng va
lanh dén hiéu suét exergy cua thiét bi & ché
do chay roi (Re > 2300), tir d6 c6 dinh hudng
phtt hop cho thiét ké va van hanh.

2. MO HINH TiNH TOAN

Hinh 1 trinh bay mién tinh toan va cac
diéu kién mo phong. Mién tinh toan gom 2
6ng 1ong dng bang dong (A = 387,6 W/m.K):
ong trong c6 duong kinh d/d;=5,5 mm/5 mm,
ong ngoai co duong kinh d=15 mm. Chiéu dai
6ng trong dugc cb dinh 1a 1000 mm dé dam
bao dién tich trao d6i nhiét khong thay doi khi
khao sat anh hudng cac théng sb khac. Puong
kinh vong xoan D. va budc vong xoan 13 ..
Nud6c nong di bén trong 6ng trong véi nhiét
d6 dau vao 1a 50°C. Nudc lanh di gitta khong
gian cua 2 6ng va c¢6 nhiét do dau vao 1a 25°C.
Hai dong luu chat chuyén dong nguoc chiéu.
Ong ngoai khong trao d6i nhiét véi méi
trudong, dau ra ciia dong nudc nong va lanh
thiét lap bang ap suat khi quyén p, =
101325(N/m?). Hinh 2 trinh bay chia luéi
mién tinh toan. Pé kiém tra doc 1ap ludi, )
nat ludi tir 235410 dén 841614 da duge thuc
hién. Nhu két qua thé hién ¢ Hinh 3, khi s6
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phan tir 16n hon 606054 tmg véi kich thudc
cac phan tir ludi 0,8 mm thi nhiét d6 dong
nuée lanh va nude noéng dau ra khoéng phu
thudc ludi. Tu do, chon kich thudce cac phén
tir ludi 1a 0,8 mm d€ dam bao d¢ chinh xac
mod phdéng va thoi gian tinh toan thich hop.
Trong nghién ctru nay, mé hinh chay rdi
k-epsilon -realizable két hop xtr Iy ting cudng
vach (enhanced wall treatment) duoc st dung
trong m6 phong va theo danh gia [10] thi mo
hinh chay roi nay phu hop véi trao d6i nhiét
trong m6 phong thiét bi trao doi nhiét dang
6ng xoan. Sai s6 cho phwong trinh lién tuc,
phuong trinh ddng lugng, phuong trinh ning
luong trong md phong 1a 10°. Khdi luong
riéng (p), nhiét dung riéng (c,), hé sb dan
nhiét (1), d6 nhoét (1) cua nude xem la ham da
thirc bac 3 theo nhiét d§ nhu Bang 1, cdc ham
nay duoc thanh 1ap tir dir liéu trich tir phan
mém EES. Dé dam bao do tin cay cua két qua
mo phong, moét md phong sé da duogc thuc
hién g véi dudng kinh 6ng trong do/d; = 26
mm /25,4 mm; duong kinh 6ng ngoai d = 50,8
mm; dudong kinh vong xodn D, = 762 mm;
budc vong xoan 4. = 100 mm; sd vong xodn
Z=4, nhiét 46 dau vao dong nudc lanh 27 °C;
nhiét do dau vao dong nudc nong 50 °C; sb
Reynolds cua dong nudc nong Rep= 3100 +
5700; s6 Reynolds cta dong nudc lanh Re. =
21000. Hinh 4 thé hién so sanh giita két qua
cia md phong hién tai v6i két qua thuc
nghiém khao sat s6 Nusselt dong nudc nong ¢
ong trong cua Kumar va cong su [11]. Két qua
cho thay s6 Nusselt dong nuéc néng theo sb

Dean [11]: De =Re. /% cia két qua mo

phong hién tai v6i dit liéu da cong b trude dd
[11] co tinh phu hop cao. Do do, két qua mo
phong ¢ thé tin cdy va s& ban luan & phan
tiép theo.

Nude lanh, 25°C Céachnhié¢t Nude nong )
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Hinh 1. Mién tinh toan, diéu kién ban dau va
diéu kién bién
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Chia ludéi mién tinh toan

Hinh 2. Chia luéi mién tinh
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Hinh 3. Kiém tra déc ldp luéi

Bing 1. Théng sé vt Iy ciia nwée theo nhiét

o (K)
Dai lugng Phuwong trinh
P 158,29 +7,60164T -
(kg/m3) 0,0218144T2 + 19,299410° T3
Cp -4239,38 + 81,0787T
(J/kg.K) - 0,259837T% + 0,000277193T?
A -0,454199 + 0,00409563T +
WimK) | 2244041002 - 1,4021810° T
u 0,119068 - 0,00104998T +
(ke/m.s) | 3,1223710°T2 —3,1197610° T
45
[ B K¢t qua thiee nghiém ciia Kumar va es [11]

Keér qua mo phong ciia nghién ciru hién tai.
40
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S6 Dean [De=Re/(d/D.)*%]

Hinh 4. Xdc nhdn két qua mé phong so véi dir

liéu dd cong bé [11]



74 Tap Chi Khoa Hoc Gido Duc Ky Thudt So q3 (04/2021)
Trwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

3. PHUONG PHAP LUAN
Bdng 2. Ma tran quy hoach thuc nghiém theo

thiét ké Box-Behnken
std Re. Ren D.d he-d, mm
1 10000 9000 6 10
2 30000 9000 6 10
3 10000 27000 6 10
4 30000 27000 6 10
5 20000 18000 4 5
6 20000 18000 8 5
7 20000 18000 4 15
8 20000 18000 8 15
9 10000 18000 6 5
10 | 30000 18000 6 5
11 10000 18000 6 15
12 | 30000 18000 6 15
13 | 20000 9000 4 10
14 | 20000 27000 4 10
15 | 20000 9000 8 10
16 | 20000 27000 8 10
17 | 10000 18000 4 10
18 | 30000 18000 4 10
19 | 10000 18000 8 10
20 | 30000 18000 8 10
21 | 20000 9000 6 5
22 | 20000 27000 6 5
23 | 20000 9000 6 15
24 | 20000 27000 6 15
25 | 20000 18000 6 10
26 | 20000 18000 6 15
27 | 20000 18000 6 5

*h.: Bude vong xodn (mm)
*d: Puong kinh éng ngodi, d = 15 mm
*D... Puong kinh vong xodn (mm)

Trong nghién ciru nay dé giam s luong
thuc nghi¢ém khi khao sat anh huong cua
nhiéu bién s0. BO tri thyc nghi¢m theo
phuong phap dap ung bé mit di dugc sir
dung. Thiét ké Box-Behnken vé&i 4 bién dau

vao 1a s6 Reynolds ctia dong nuée lanh (Re,),
s6 Reynolds cua dong nu6c nong (Rey),
duong kinh vong xoan (Dc) va budc vong
xodn (h.) dé diéu tra anh huéng dén hiéu suét
exergy cua thiét bi. Cac murc gia trj cla cac
bién cua thiét ké Box-Behnken thé hi¢n nhu
Bang 2 tir std 1 dén std 25. Pong thoi, dé
phén tich va ban luan thém anh hudng cua
cac bién, hai trudong hop std 26 va std 27 da
dua thém vao dé khao sat.

Theo két qua nhiét do va ap suit thu duge
tr mo phdng, cac dic tinh truyén nhiét va thay
lIuc cua thiét bi duoc xac dinh nhu sau:

Nhiét luong dong nudc ndéng nha ra va
nhi¢t luong dong nudce lanh nhin vao dugc
xac dinh theo cac cong thurc:

Qc = mc'Cpc'(t; _tc) , kW (1)

Qh =m, -Cph-(t;\

Trong do:

—t), kW )

Op: Nhiét luong dong nudc nong nha ra, kW
Oc: Nhiét lugng dong nude lanh nhén vao, kW

me, myp: Luu lugng khdi lwong dong nudc
lanh va dong nudc nong, kg/s

Cpe, Cpn: Nhiét dung riéng ctia dong nude lanh
va dong nude nong kJ/kg. K

t,

o tc Nhiét do vao va ra ciia dong nudce lanh, °C

t.,t : Nhiét d6 vao va ra cia dong nuée néng,
°C

Lugng nhiét trao doi trung binh giita
dong nude néng va dong nude lanh [10]:
0=0,5(0:+0n), kW 3)

Hé sb toa nhiét d6i luu cua dong nudce
néng va lanh dugc xac dinh lan lugt theo cac
phuong trinh sau [10]:

Q
a,=—F———, Wm’K 4
" rd,. LAt " @
Q W/m? K (5)

o =—
¢ omd, LAt

Trong do:
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L: Chiéu dai 6ng trao doi nhiét, L = I m

Atyp: Chénh I¢ch nhiét @6 gitra dong nudce
noéng voi vach ong, °C

Atye: Chénh léch nhiét d§ gitra vach 6ng voi
dong nudc lanh, °C

S6 Nusselt ciia dong nuée nong va lanh
duoc xac dinh theo phuong trinh [10]:

a,.d
Nu, = hﬁh 1 (6)
a.(d-d)
Nu —Zc\T 2]
¢ % (7)
Trong do:

d;: Puong kinh trong ctia dng trong, m
d>: Puong kinh ngoai ctia dng trong, m
d: Puong kinh trong ctia dng ngoai, m
An, Ae: Hé s6 dan nhiét ciia dong nudc nong
va dong nudc lanh, W/m.K

Theo 1y thuyét truyén nhiét, hiéu suat
thiét bi trao doi nhiét chinh la ti s6 luong
nhiét thuc té trao ddi (0) va lugng nhiét 16n

nhit (Qmay) co thé trao ddi, théng sb nay
duoc xac dinh theo cong thuc:

£= Q (8)
Qmax
Luong nhiét 16n nhét c6 thé trao doi theo
ly thuyét dugc xac dinh:
Qmax = len( tC) ’ kW (9)

V6i Cmin dugce xac dinh:
Cmin=min(C1,Cz), kW/K
C1=mMc.Cpc, KW/K
Co=mh.Cph, KW/K

Hé s6 ma sat cua dong nudc nong va
dong nudc lanh c6 thé xac dinh theo cong
thue [10]:

2.d,.Ap
f = 1 h
yY: (11)

(10)

2.(d-d,).Ap
f = 2 c
= (12)
Trong do:

on, pe: Khéi luong riéng cia dong nude nong
va dong nuéc lanh, kg/m?

Apy, Ape: Ton that ap sudt cia dong nudc
néng va dong nudce lanh, N/m’

Vi, Ve TOc d§ cia dong nudc noéng va dong
nudce lanh, kg/m?

Hiéu suit exergy cua thiét bi duge danh
gia dua trén dinh ludt nhi¢t dong 2, khi h¢
thong on dinh thi luong exergy bi pha hiy
duoc xac dinh [12]:

2B =D Bx - ) Bx (13)

V6i Exy va Ex; 13 exergy du vao va dau
ra cia dong nudc lanh va noéng khi di qua
thiét bi trao d6i nhiét va co thé xac dinh bang
cong thirc [12]:

D Ex, =D (me +me) (14)
D Ex =D (m,.e+m.e,) (15)

~ Trong do ex la exergy ung voi lkg luu
chat va dugc xac dinh theo cong thuc [12] :

e, =(n-h)-T..(s- (16)
Trong do:

S,) , kJ/kg

h: Entanpy ctia dong luu chét, kJ/kg
s: Entropy cta dong luu chat, kJ/kg. K
= 25°C = 298K la nhiét 6 moi truong

ho va s, : Lan luot 1a entanpy va entropy ctia
luu chat tng v6i nhiét do To.

Hiéu suét exergy cua thiét bi duoc xéac
dinh [12]:

E m. (e —e.

e =—-= mo(e, ~¢,) (17)
Eh mh (eh )

Trong do6:

E., En: Lugng exergy thay doi ctia dong nudc
lanh va dong nudc nong, kW
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e,; ) e; : Exergy tng voi 1kg nude néng ¢ dau
vao va dau ra, kJ/kg

e.,e:

cr~ce

vao va dau ra, kJ/kg

Exergy tmg véi 1kg nudc lanh ¢ dau

Tén thit exergy khong thir nguyén (sb
exergy bi pha huy) dugc xéac dinh [13]:

=

- my(e,-€,)
4. KET QUA VA THAO LUAN

Dé phan tich dic tinh truyén nhiét giira
dong nudc néng va dong nudc lanh, céac
truong hop trong Bang 2 dugc trich ra dé so
sanh va ban luan. Anh huéng cta duong kinh
vong xodn, budc vong xodn, sé Reynolds
dong nudc néng va s Reynolds dong nudc
lanh dén dic tinh truyén nhi¢t cta hai dong
nudc nong va lanh dugce trinh bay trong cac
phan bén duéi.

(18)

4.1 Anh hwéng s6 Reynolds dong nudée

néng

Hinh 5 trinh bay anh huong cua s
Reynolds cua dong nudc nong (Rx) dén kha
nang trao doi nhiét cua thiét bi ung voi Re. =
20000, D¢/d = 6, he— d = 15 mm tuong g
std 23, std 24 va std 26 trong Bang 2. Két
quéa cho thay khi ting Re, thi trao ddi nhiét
duoc ting cuong, sd Nusselt vé phia dong
nuée nong ting. Theo két qua md phong, tng
vo1 Rep = 27000 nhi¢t do dong nudc lanh dau
ra cao hon truong hop Rex = 18000 va
Re;=9000 lan luot 1a 0,33°C va 0,84°C.
Péng thoi nhiét d6 dau ra dong nudc noéng
giam tuong tmg 2,15°C va 5,88°C (Hinh 6).
Hinh 5 thdy dwoc hé s6 ma sat cia dong
nudc nong giam khi tang Rep. Didu nay co
thé giai thich nhu sau: khi ting Ren lam ting
toc do dong nudc nong dan dén ton that ap
suat ting. Tuy nhién, sy gia tang van tbe lon
hon sy gia ting ton that ap suat do d6 hé sé
ma sat dong nudc nong giam. Hinh 7 the hién
phan bd nhiét 6 va toc do tai mat cét vuong
goc voi duong tam cua dng. Van toc phan b
trén mat cat ¢6 tde d6 16n & phia Xa tam vong
x0dn va téc d6 nho hon & ving gan tim vong

X04n. Vung co tdc d6 16n hon trao ddi nhiét
t6t nén nhiét d6 bé mat dng giam dan dén 16p
nuéc lanh & ving lan cdn c6 nhiét do thip
hon hay noi cach khac ¢ ving xa tdm vong
xodn thi nhiét do thap hon so véi ving gan
tam vong X04n.

160— 0.05
-# S6 Nusselt dong nude nong
140} g Hé 56 ma sat dong nue nong /,'. :
e o & 0.045
1204 OG- 3 s
= i \~\ | i :.,
§100 | \\‘. // 0.04 &
‘ e
804~ ,/,-’ S
‘ T o 0.035
| M- 1 P
| e
40 ‘ 0.03
6 8 10 12 14 16 18 20 22 24 26 28 30
Reh @

Hinh 5. Anh hwong so Reynolds dong nuoc
nong dén so Nusselt va hé s6 ma sdt g voi
std 23, std 24 va std 26 trong bang 2

Temperature

50.0
! 484

" Re,=9000  Re,~ 18000  Re,= 27000

a. Dong nudc nong

Temperature
I 27.0
26.8
+26.6
r26.4
[26.2

| [26.0
1258
256

254
I 262
25.0

©  Re

18000

9000 Re, Re, = 27000

b. Dong nuoc lanh

Hinh 6. Anh huong s6 Reynolds dong nuée
nong dén nhiét dé ra dong nwée néng va
lanh ung voi std 23, std 24 va std 26 trong
bang 2



Trwong Dai Hoc Sw Pham Ky Thudt TP, Hé Chi Minh I
Velocity Temperature 1.010| - S6 exergy bi pha huy (e) e
220 =000 1.005| - —@- Hiéu suat exergy e 3.5
217 38.50 1000 .‘ /,/,’/ 30
2.14 37.00 0.995 8=l
’ £ 2.5
2.10 35.50 © 0.990 ," ~\?
/
2.07 34.00 0.985 // i 2.0 Q\Q;
2.04 32.50 0.980 i 15 %
/ o
2.01 31.00 0.975 A | S - 10
1.98 29.50 0.970 e - 8 ’
4 s 0.5
1.94 28.00 0.965 |-t e
I 1.91 I 26.50 o 3 4o.0
188 25.00 6 8 10 12 14 16 18 20 22 24 26 28 20
[m/s] [C] Rep, x 107
Phén bo van toc Phén bo nhiét do

Tap Chi Khoa Hoc Gido Duc Ky Thudt S6 63 (04/2021)

Hinh 9. Anh hwong so Reynolds dong niroc

Hinh 7. Phdn bé nhiét @ va vén téc tai mot
mat cat vuong goc voi dwong tam cua ong

Hinh 8§ thé hién anh hudng Rey, dén hiéu
suat trao doi nhiét va hiéu sudt exergy cia
thiét bi. Ung véi Rey = 27000 thi higu sut
trao d6i nhiét cua thiét bj giam 8,6% va
23,6% so vai truong hop Ren = 18000 va
Ren = 9000. Khi taing Rep lam tang nhiét trao
d6i O nhung dong thoi ciing 1am ting Cpin
dan dén ting Omax. Su gia ting cta O nho
hon su gia ting Qmax nén hiéu suat trao doi
nhiét cta thiét bj giam khi ting Res. Trong
khi d6, ting Ren thi s6 exergy bi pha hity ciia
qua trinh truyén nhiét giam (Hinh 9) do d6
hiéu sudt exergy cua thiét bi ting tuong tng.
Theo két qua Hinh 9 tmg véi trudng hop Ren
= 9000 thi hiéu suat exergy ciia thiét bi thap
hon truong hop Re, = 18000 va Rep, = 27000
1an lugt 14 2,3% va 3,3%.

65
- Hiéu suat trao ddi nhiét cua thiét bi
60 u
55
~ \\
& 50
W \\
45 L
p. g | EESLIEHER, (O TR RS II T \\\\
u
35
6 8 10 12 14 16 18 20 22 24 26 28 30
Rey, x10°

Hinh 8. Anh huong s6 Reynolds ciia dong
nuwoc nong dén hiéu sudt trao doi nhiét ciia
thiét bi g véi std 23, std 24 va std 26 trong
bang 2

nong dén hiéu sudt exergy va soé exergy bi
pha huy ung voi std 23, std 24 va std 26

trong bang 2
4.2 Anh huéng so6 Reynolds dong nuéc lanh
L — e 0.05
- Hiéu 'suﬁt trao d61 nhiét cua thiét bi
50 ‘\\—0- H¢ s6 ma sat dong nude lanh//l
e 0.045
45 LR o
] \\ 4 Q
X . 0.04 %~
= //, ™
“ 40 N
A0 . 0.035
L S
35 ~g
0.03
8 10 12 14 16 18 20 22 24 26 28 30 32
Re, x 10°

Hinh 10. Anh hwong so Reynolds dong nudc
lanh d@én hiéu sudt trao doi nhiét va hé sé ma
sat ung voi std 11, std 12 va std 26 trong
bang 2

Hinh 10 thé hién anh hudng cia sb
Reynolds ctia dong nudc lanh (Re.) dén higu
suét trao ddi nhiét cua thiét bi va hé sd ma sat
cta dong nudc lanh g vai std 11, std 12 va
std 26 trong Bang 2. Khi ting s6 Reynolds
cta dong nude lanh lam tang luong nhiét trao
d6i Q trong khi Omar khong thay d6i do d6
hiéu suét trao d6i nhiét ciia thiét bi tang, Hinh
10 cho thdy tmg v&i Re. = 30000 thi hiéu suat
trao d6i nhiét cta thiét bi 1on hon trudng hop

= 20000 va Re.= 10000 lan luot 14 5,1%
va 14,8%. Hé s6 ma sat dong nudc lanh ting
khi ting Re, diéu nay giai thich tuong ty nhur
truong hop ting sé Reynolds cua dong nudc
nong. Hinh 11 cho thiy khi ting Re. thi sd
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exergy bi pha hiy cua qua trinh truyén nhiét
(¢) tang, do d6 hiéu sudt exergy cua thiét bi
giam. Ung véi Re. = 10000 thi hiéu suit
exergy cua thiét bi 16n hon trudng hop Re.=
20000 va Rec.= 30000 tuwong ung la 3,5% va

7,8%. S6 Re. cang 16n thi hiéu suit exergy
cang giam va co thé nho hon khong (gia tri
am), day la didu khoéng mong muén trong
thiét ké va van hanh.

1.04 et S 6.5
[ ] -B- SO exergy bi pha huy (¢)
1,02 - Higu sult N
‘ S 16U suat exergy
M s
1.00 3.5
® o T 25 %
0.98 ; ¢ 8
AT 5 had
0.96 05
A 0.5
094 m Tl
-
8 10 12 14 16 18 20 22 24 26 28 30 32
Rec X 103

Hinh 11. Anh hirong so Reynolds dong nuéc
lanh dén hiéu sudt exergy va sé exergy bi phd
huy wng voi std 11, std 12 va std 26 trong
bang 2
4.3 Anh huéng ciia duwong kinh vong xoin

Hinh 12 trinh bay anh huong cua duong
kinh vong xoan (D.) dén kha nang trao doi
nhiét va hé so6 ma sat cua hai dong nudc tng
voi Rec = 20000, Ren = 18000, he = 30 mm

tuong Ung std 7, std 8 va std 26 trong Bang 2.

Hinh 12 cho thay khi ting duong kinh vong
xodn thi s6 Nusselt ctia dong nudc ndng va
lanh ting va hé s ma sat giam twong Ung.
Diéu nay c6 thé do khi ting duong kinh vong
xodn lam tang van tdc dong luu chat din dén
tdng su xao tron, cai thién trao ddi nhiét (tang
sé Nusselt). D@)ng thoi khi véan toc ting thi
ton that ap sut tang. Tuy nhién, sy gia tang
cua van toc nhleu hon sy gia tang cua ton
that ap suét doc ong, do d6 hé s6 ma sat cua
dong nude giam.

Khi tang D. lam tdng lugng nhiét trao
déi 0, trong khi Qmax khong thay d6i nén
hiéu suét trao d6i nhiét cia thiét bi ting
(Hinh 13). Ung v6i D = 120 mm thi hiéu
suét trao d6i nhiét cta thiét bi tang 1an luot 13
0,2% va 0,72% so voi truong hop De = 90
mm va Dc= 60 mm.

Anh huong D. dén sb exergy bi pha hiy
va hiéu suit exery cua thiét bj thé hién &
Hinh 13. Hinh 14 cho thay khi ting D, sb
exergy bi pha huy trong qua trinh trao d6i
nhiét glam dan dén hiéu suat exergy cta thlet
bi ting. Ung v&i De= 120 mm thi hiéu suat
exergy tang lan lugt 0,1% va 0,36% so véi

truong hop De = 90 mm va De = 60 mm.
0,044
240| - S0 Nusselt dong lanh
220| -@- SO N}lssclt dong nong 0.042
200{ M ¢ Hé s6 ma sat dong lanh
- i \\_‘\‘ *~ Hé sé ma sat dong nong 0.04 §
T 180 m =3<z- =] . | S
S 160 b - 0.038 g
“a I \\\\ ‘—_;»‘\— &
= "0} = Teaq[0.036 T
120| B
I B e 8 0.034
100| - @-——====rm==ooTs | e T e =N
80! 0.032
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Hinh 12. Anh hu’ong duwong kinh vong xodn
dén so Nusselt va hé s6 ma sdt iing voi std 7,
std 8 va std 26 trong bang 2
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Hinh 13. ffn’h hwwong dwong kinh vong xodn
dén hiéu suat trao doi nhiét cua thiét bi uing
voi std 7, std 8 va std 26 trong bang 2
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Hinh 14. Anh hwong $6 dwong kinh vong
xodn dén hiéu sudt exergy va sé exergy bi
pha huy ung voi std 7, std 8 va std 26 trong
Bang 2
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4.4 Anh huwéng ciia sé bwéc vong xoin

Hinh 15 thé hién anh hudng cia budc
vong xoan () den s6 hé sb6 ma sat cua dong
nude va hiéu suit trao doi nhiét cua thiét bi
ing voi std 25, std 26 va std 27 trong Bang 2.
Hinh 15 chira rang khi ting budc vong xodn
thi hé s6 ma sat dong nudc noéng va lanh ting
tuong (mg, trong khi d6 hiéu suét trao doi
nhiét cua thiét bi giam. R rang vé mit hiéu
qua nhiét va thuy luc thi viéc tdng budc vong
xodn 1a diéu khong nén thuc hién trong thiét
ké. Ung véi he=20 mm (he-d = 5 mm) thi
hi¢u sut trao d6i nhi¢t ctia thiét bi 16n hon
truong hop he = 25 mm va he = 30 mm lan
luot 14 0,008% va 0,097%.

Hinh 16 cho thay khi ting budc vong
xoan thi s6 exergy bi pha huy tang, hiéu suat
exergy cua thlet bi giam. Ung v&i he=20 mm
thi hiéu suat exergy cua thiét bi 16n hon
truong hop he = 25 mm va he = 30 mm lan
luot 12 0,028% va 0,041%.

0.041 45.80
0.040|---—@- Hé s6 ma sat dong nong o
0.039] - Hé s6 ma sat dong lanh .
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S 0.037} - @-—r-—m=mEm=Ew s TR
S 0.036 45.65 ~
£
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0.030 45.45
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Hinh 5. Anh hirong budc vong xodn dén hé
$6 ma sdt va hiéu sudt trao doi nhiét thiét bi
ung voi std 25, std 26 va std 27 trong bang 2
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Hinh 16. Anh huéng bude vong xodn dén s6
exergy bi pha hiy va hiéu suat exergy cua thiet
bi ung voi std 25, std 26 va std 27 trong bang 2

Phuong phép dap tmg bé mat duoc st
dung dé diéu tra anh huong cia Rec, Ren, De
va he dén hiéu suit exergy cua thiét bi. Thiét
ké Box-Behnken véi 25 1an thtr nghiém (std 1
+ std 25) véi cac mire khac nhau cua bién doc
lap da dugc thuc hién va két qua da duoc thé
hién nhu trong Bang 3. Phan tich ANOVA
anh huong cac yéu t dén hiéu suat exergy
ctia thiét bi (7.) va loai bo yéu t6 anh huong
khong dang ké (P > 0,05) két qua phan tich
thé hién & Bang 4. Qua két qua Bang 4 cho
thiy hiéu suit exergy bi anh hudong dang ké
boi sé Reynolds dong nudc lanh, sé Reynolds
dong nudc noéng trong khi duong kinh vong
xo0dan va budc vong xoan khong c6 su anh
hudng trong xem xét tong thé.

Bidng 3. Ma tran quy hoach thuwc nghiém theo
thiét ké Box-Behnken

Bién déu vao Bién dap tng
Std he-d e
Rec | Rew |DA| " (;)
1 | 10000 | 9000 | 6 10 4,527
2 | 30000 | 9000 | 6 10 -6,390
3 | 10000 | 27000 | 6 10 6,607
4 130000 | 27000 | 6 10 0,017
5 {20000 | 18000 | 4 2,172
6 |20000 | 18000 | 8 5 2,490
7 {20000 | 18000 | 4 15 2,132
8 | 20000 | 18000 | 8 15 2,491
9 | 10000 | 18000 | 6 5,948
10 | 30000 | 18000 | 6 5 -1,740
11 | 10000 | 18000 | 6 15 5,927
12 | 30000 | 18000 | 6 15 -1,836
13 | 20000 | 9000 | 4 10 -0,206
14 | 20000 | 27000 | 4 10 3,197
15 | 20000 | 9000 | 8 10 0,223
16 | 20000 | 27000 | 8 10 3,458
17 | 10000 | 18000 | 4 10 5,838
18 | 30000 | 18000 | 4 10 -2,375
19 | 10000 | 18000 | 8 10 5,902
20 | 30000 | 18000 | 8 10 -1,605
21 | 20000 | 9000 | 6 0,144
22 120000 | 27000 | 6 5 3,441
23 | 20000 | 9000 | 6 15 0,094
24 120000 | 27000 | 6 15 3,403
25 | 20000 | 18000 | 6 10 2,404
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*h.: BuGe vong xodn (mm)
*d: Puong kinh ong ngodi, d = 15 mm
*D... Puong kinh vong xodn (mm)

Bdng 4. Phan tich ANOVA cho bién ddp imng

va hé sé cac md hinh du dodn

M. = c ij _Cmin,j

c c (19)

max,j  ~min, j

Trong d0 Cmax, Cmin 12 gid tri 16n nhét va
nho nhét cia bién dap tng, i 1a tht tu cac
bién dap ung, va j 1a sb 1an chay thir nghiém
tir 1 dén 25.

Chi sé danh gia tong hop (S) Ung véi
hiéu suit exergy cua thiét bi v6i trong s6 (1)
duogc chi dinh (Ane= 1) dugc xac dinh theo
phuong trinh (20) [14]. Két qua tinh toan (S)

Bién dap wng Ne

Source H¢ so P-value
Model 2,404

X1 -4,0565 <0,0001
X2 1,81092 <0,0001

X3 - -

X4 - -
X1X2 1,08175 0,0001
X1 -0,715083 0,0071

Theo két qua phan tich ANOVA chi ¢
tuong tac gitra xx2 (x; 12 Rec; x2 13 Rey) dén
s6 hiéu suat exergy cua thiét bi. Do d0, chi vé&
db thi tuong tac Re., Ren dén (7.) thé hién &
Hinh 17.

e (%]

Re,

27000 ~ 30000

Hinh 17. Twong tic ciia s6 Reynolds dong
nuwoc nong va lanh dén bién dap vung ne

Két qua cho thdy hiéu sudt exergy cua
thiét bi ting khi ting s6 Reynolds cua dong
nude ndng, giam sd Reynolds cta dong nudce
lanh. Trong phan tich tong thé dudng kinh
vong xoan va budc vong xoan gan nhu khong
¢6 anh huong dén hiéu suat exergy. Didu nay
cho thay anh huéng cua théng s van hanh
nhiéu hon so v6i anh hudng cua thong sé hinh
hoc dén hiéu suit exergy cua thiét bi.

Dé danh gia anh huong cua cac bién dau
vao dén bién dap ung (7.), chi s6 danh gia
tong hop (S) va trong sb cua bién (M) da
duge st dung. Chi sb (M) Gmg véi hiéu suét
exergy thiét bi duoc xac dinh theo phuong
trinh (19) [14].

ctia (7.) thé hién trong bang 5.

S =M,

(20)

Bing 5. Gid tri bién dap vng va chi s6 danh
gid tong hop cua hiéu suat exergy

o CS Béanh
Bién dau vao gia tong

Std hop (7.)

Re. Rer | Do | M Ky
(mm)

1 | 10000 | 9000 6 10 0,8400
2 | 30000 | 9000 6 10 0,0000
3 | 10000 | 27000 6 10 1,0000
4 | 30000 | 27000 6 10 0,4930
5 | 20000 | 18000 4 0,6588
6 | 20000 | 18000 8 0,6832
7 | 20000 | 18000 4 15 0,6557
8 | 20000 | 18000 8 15 0,6833
9 | 10000 | 18000 6 0,9493
10 | 30000 | 18000 6 0,3578
11 | 10000 | 18000 6 15 0,9477
12 | 30000 | 18000 6 15 0,3504
13| 20000 | 9000 4 10 0,4758
14 | 20000 | 27000 4 10 0,7376
15| 20000 | 9000 8 10 0,5088
16 | 20000 | 27000 8 10 0,7577
17 | 10000 | 18000 4 10 0,9408
18 | 30000 | 18000 4 10 0,3089
19 | 10000 | 18000 8 10 0,9458
20 | 30000 | 18000 8 10 0,3682
21 | 20000 | 9000 6 5 0,5027
22 | 20000 | 27000 6 5 0,7564
23 | 20000 | 9000 6 15 0,4989
24 | 20000 | 27000 6 15 0,7535
25| 20000 | 18000 6 10 0,6766
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Phan tich x4c dinh diéu ki¢n dé hi¢u suat
exergy cua thiét bj 1a tot nhat hay chi sé déanh
gia tong hop (S) 16n nhat. Theo phan tich tur
phan mém Design-expert voi 100 trudng hop
duoc xem xét trong pham vi khao sat. Ung
voi Rer=27000, Re.~10000, Do/d=6, he-d =
10 mm thi gia tri S dat cuc dai Smax = 1,08548
va tuong tmg hiéu suét exergy cua thiét b la
16n nhit 7. = 6,607%. Két qua phan tich
duoc trich xuét tir phan mém Design-expert
thé hi¢n & hinh 18.

10000 30000
A:Re_c = 10000
O
4 8
CDc/d=6
9000 27000
B:Re_h = 27000
O
5 15
D:h_c-d =10
0 1
S =1.08548

Desirability = 1.000
Solution 15 out of 100

Hinh 18. Phan tich ché dg t6i wu trich xudt
ttr phan mém Design-expert

5. KET LUAN

Trong nghién ciru nay trinh bay diéu tra
anh huong cta thong sd hinh hoc (dudng
kinh vong xodn, budc vong xodn) va thong
sd van hanh (sb Reynolds dong nudc) dén
hi¢u sudt exergy cua th1et bi trao ddi nhiét
dng long ong dang xo0dn bang md phong
CFD. Thiét k& Box-Behnken d3 duoc thuc
hién dé giam sd luong thi nghiém khi khao
sat nhiéu bién s6 anh hudéng. Qua nghién ctru
c6 mot s6 két luan nhu sau:

- Tang s6 Reynolds cua dong nude nong tir
9000 dén 27000 thi hiéu suat trao doi nhiét
cua thiét bi giam, hiéu suat exergy tang.

- Giam s6 Reynolds ctia dong nuéc lanh tir
30000 Qén 10000 thi hiél} suat trao doi nhiét
cua thiét bi gidm, hi¢u suat exergy tang.

- Tang duong kinh vong xoan tir 60 mm
(Dc/d = 4) dén 120 mm (De/d = 8) thi hi¢u sudt
trao d6i nhiét va hiéu suat exergy tang.

- Tang budc vong xoan tir 20 mm (he-d=5
mm) dén 30 mm (hc-d=15 mm) thi hiéu suét
trao d6i nhiét va hiéu suét exergy Cua thiét bi
giam.

- Trong phén tich tong thé, thong sd van
hanh (s6 Reynolds ctia dong nuéc) anh hudng
16n dén hiéu sut exergy ctia thiét bi, trong khi
thong s hinh hoc (dudng kinh va budc vong
xoan) khong c6 anh huong dang ké.

- Trong pham vi khao sat, thong s6 hinh
hoc va van hanh téi vu dé hiéu suit exergy cta
thiét bi 10n nhét tng voi Ren = 27000, Rec =
10000, Dc/d = 6, hc'd =10 mm tal do e =
6,607% va ¢ = 27,705%.
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