SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.19, No.K3 - 2016

Nghién cttu anh huéng cua nhiét do nuéce
phun va chénh léch nhiét do toi thicu dén
hé s6 ning suat caa hé thong khir mudi
bang phuong phap phun tach am

e V& Kién Qudc”

o L& Chi Hiép

e Nguyén Viin Tuyén

e Nguyén Thi Minh Trinh

Truong Pai Hoc Bach Khoa, PHQG-HCM

(Ban nhdn ngay 23 thang 02 nam 2016, hoan chinh sia chiza ngay 06 thang 04 nam 2016)

TOM TAT

Bai b&o trinh bay két qua nghién ciu ly
thuyét qua trinh trao doi nhiét giita nwréc phun
va khong khi trong hé thong khir musi bang
phirong phép phun tach am. Két qua nghién ciu
cho thdy #ng véi mdi gid tri nhiét dé nuéc phun
kh&c nhau va cac gia tri Atyin khdc nhau sé ton
tai mot ty 1é luu lwong gidra nudc phun va khong
khi dé hé sé nang sudt GOR 1 1én nhdt. So sanh

véi két qua nghién ciru triede ddy ciia ching toi
[7] va Hou [1] thi ty 1¢ luu heong khoi lieong toi
wu gitka mede phun va khong khi dé hé s6 GOR
dat gia tri cuee dai va hiéu sudt thu hoi nhiét ciyc
dqi 12 hoan toan giong nhau. Két qua nghién cizu
ciing cho thay nhiét dé nwéc phun toi wu khi
Atmin=5°C nam trong khodng tir 70-75°C.

Tir kh6a: phun tach am, khiz muai, thu hoi nhiét, hé so nang suat, chénh léch nhiét dé téi thiéu, ty 16 luu

lirong khoi lirong

Danh muc cac ky hiéu

Cpw: Nhigt dung riéng cta nuéc ngot [kd/(kgK)]
Cs: Nhiét dung riéng ciia nudce bién [kI/(kgK)]
Wa: d6 chira hoi cta khong khi bdo hoa [kg/kg]
rh,: luu lwong khéi lugng khdng khi [kg/s]
m,,: luvu leong khéi lwong nuée phun [Kg/s]
My : luu luong khéi Iwong nudc ngung [kg/s]

m: ty & luu lwong khdi lwong nudc phun va
khong khi

h,: entanpi cua khong khi [kJ/kg]

hs,: 4n nhiét ngung tu cta hoi nuéc [ki/kg]
h,,: entanpi cta nudc [kI/kg]

Q;n: Nhiét Twong cap vao [kJ]

t,: nhiét do khong khi [°C]

tpw: Nhigt do nude ngung [°C]

t,,- Nhiét d6 nuéc bién [°C]

w,: d6 chira hoi cua khong khi [kghn/kgkkk]
Atpin: DO chénh nhiét do téi thiéu [°C]
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1. GIOI THIEU

Kha mudi bang phuong phap phun tach 4m
1a mét qua trinh san xuat nuée ngot bang phuong
phap thay doi pha. Qué trinh khtr mudi bao gébm
2 giai doan |a phun 4m va tach am & 2 thiét bi
riéng biét. Thiét bi phun 4m c6 ciu tao twong tu
nhu mot thap giai nhiét, trong d6 nude néong duoc
phun swong trén bé mat I6p dém, khong khi s&
tuan hoan theo chiéu nguoc lai. Trong thiét bi
phun 4m dién ra qua trinh trao ddi nhiét va chat
gitra nuae phun va khong khi. Khéng khi ra khoi
thiét bi phun 4m 1 khong khi am b&o hoa c6 nhiét
d6 va d6 chira hoi cao [1-5]. Sau d6 khong khi di
vao thiét bi tach am nha nhiét hién va nhiét an cho
nudc giai nhiét va hoi nude trong khdng khi s&
ngung tu lai. Khong khi sau khi ra khoi thiét bi
tach am s& di vao thiét bi phun 4m thyc hién mot
chu ky mai. Nuagc giai nhiét sau khi dugc gia
nhiét so cap bai khong khi s& duoc tiép tuc gia
nhiét roi phun vao thiét bi phun am. So d6 cua hé
thong khir mudi bang phuong phap phun tich am
duogc trinh bay trong hinh 1.

Hé sé nang suit (Gain Output Ratio) cia hé
thdng phu thudc vao nhiét luong bd sung dé gia
nhiét cho nude cap sau khi ra khoi thiét bi tach
am (diém 2) dén nhiét do lam viéc (diém 3). Ta
c6 cong thirc xac dinh hé s6 ning sudt nhu sau:

_ Mpwhrg
GOR = ~2= (1)
Trong do:
Qin = mw- Csw- (tw3 - tWZ) (2)

hgg = 2501,8971440379 — 2,407064037.t +
1,192217.1073.t2 — 1,5863.1075. 13 (3)

rhpw = ma(WaG - WaS) (4)
w, = 2,19.t3.1076 — 1,85.t2.10~% +

7,06.t.1073 — 0,077 )

Pham vi timg dung cong thirc (5) khi t>30°C

Nhu vay hé sé nang sut ty 1¢ nghich véi
nhiét luong cap vao. Nhiét luong cap vao cang
nhiéu thi hé sb ning suit cang thip va nguoc lai.
Dé cho nhiét lugng cap vao cang it thi nhiét luong
thu hdi ¢ thiét bi tach am phai cang nhiéu. Dé dat
dugc diéu nay thi chénh léch nhiét do tdi thiéu
Atmin Clia nudc va khong khi trong thiét bi phun
4m va tach am phai cang thap.

I—
NUOC CAP

NGUNG TU / TACH AM

PHUN AM / BAY HO'I

NUGC MUOI NUGC NGOT

Hinh 1. So d6 hé théng khir mudi phun tach im,
khong khi tuin hoan kin, nwéc ho, gia nhiét mrée
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Hinh 2. Phan tich Pinch cho hé thdng kht mubi HDH
khi m = 3 & nhiét do nude phun 1a 80°C va nhiét do
nudGe giai nhiét 1a 30°C.

Hinh 2 mé ta qua trinh trao ddi nhiét giira
nudce phun, khéng khi va nudc giai nhiét trong hé
thong khir mudi phun tach am. Qué trinh gia nhiét
cho nudc cap trong thiét bj tich 4m duoc thé hién
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bang duong 1-2. Qua trinh nha nhiét cua nudc
trong thiét bi phun 4m duoc thé hién bang duong
3-4. Qua trinh nhan nhiét va nha nhiét caa khéng
khi trong thiét bi phun 4m va tach 4m dugc thé
hién bang duong 5-6 va 6-5. Qua trinh trao doi
nhiét cia nudc trong thiét bi phun 4m va tch am
cha yéu 1a trao ddi nhiét hién cho nén cac duong
biéu didn 1-2 va 3-4 c6 thé xem |a nhiing duong
thang tuyén tinh. Qua trinh trao doi nhiét cua
khéng khi thi bao gdm trao d6i nhiét hién va nhiét
4n cho nén cac duong biéu dién 5-6 va 6-5 la
nhitng dudng cong phi tuyén.

09
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06 Dt_min=1
0,5 Dt_min=3
04 Dt_min=5

0,3

Ty 1& thu hdi téi da

40 50 60 70 80 90
Nhiét d6 nudc phun [°C]

Hinh 3. Ty I¢ thu hdi nhiét téi wu theo nhiét do nudc
phun & nhiét d6 nudc giai nhiét 1a 30°C.

Sau khi ra khoi thiét bi tach 4m nudéc giai
nhiét (nudc cap) ¢ nhiét do thap hon nhiét do
1am viéc cho nén can phai cung cip cho nuge mot
nhiét luong dé dat dén nhiét d6 1am viéc. Chénh
léch nhiét do téi thiéu giira cac duong 1-2 va 3-4
V6i duong 5-6 dugc goi la Atmin. Gia tri Atmin €O
thé diéu chinh bang céch tinh tién cac duong 1-2
va 3-4 theo phuong ngang. V& nguyén tic thi
Atmin cang thap thi hiéu suat cua thiét bi cang
tang. Tuy nhién dé dat duoc gia tri Atmin thap thi
thiét bj phai c6 kich thudc rat 16n. Biéu nay co
thé 1am tang chi phi van hanh va dau tu hé thong,
cho nén trong thuc té d6i voi nhiing hé thong 1am

viéc & nhiét thé thip (dudi 100°C) thi gid tri Atmin
duoc chon 1a 5°C.

Trong mét nghién cau trude day [7], chung
t6i d4 Gmg dung cong nghé Pinch dé tdi wu hoa
qua trinh trao di nhiét trong hé théng khir mubi
phun tach 4m. Két qua nghién ciru cho thy timg
v6i mot gia tri nhiét d6 nude phun va nhiét do
nuéc giai nhiét thi c6 mot ty 18 lwu lwong tdi uu
giita nuwéc phun va khong khi téi wu dé hiéu qua
trao d6i nhiét 1a t6t nhat. Tir d6 xdy dung duoc
méi quan hé gitra nhiét d6 nuéc phun va Atmin dén
hiéu suat thu hoi nhiét dé xac dinh nhiét d6 nudc
phun hop 1y tng véi mdi gi tri Atmin khac nhau.
Trong bai bao nay ching t6i s& nghién ctu anh
huong cua nhiét do nudc phun va Atmin dén hé sb
ning suit GOR tir d6 két luan nhiét d6 nuéc phun
hop ly cho hé théng khir mudi phun tach am.

2.CO SO LY THUYET

Nhu d trinh bay ¢ phan trén thi trang théi
caa khong khi tuan hoan trong hé théng ludn l1a
trang thai bdo hoa cho nén cac cong thuc lién
quan dén khdng khi am trinh bay sau day duoc
tinh cho khéng khi am béo hoa.

Can bang nhiét va chat ¢ thiét bi phun am

Ma Mmw+dmw
ha+dha ¢ 6
Wa+dwa

Ma Mw

ta 4e tw

ha 5

Wa

Hinh 4. Cén bing nhiét va chit & thiét bi phun 4m

- Phuong trinh can bang khéi lwong
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m,,+drm,, + m,(1 +w,) =m, +m,(1+
W, + dw,) (6)

- drh,, = m,dw, (7
- Phuong trinh cAn bang ning luong

ma(ha + dha) + mWCSWtW (8)
- m,,Cs,dt,, + dm,,C,,(t,, +dt,) = m,dh,

9)
m,dh, (10)

Can bang nhiét va chat ¢ thiét bi tach am
- Phuong trinh can bang khéi lwong:

MW, + my, = m,(w, —dw,) + m,, +dm,,

(11)
m,dw, = dr,,, (12)
- Phuong trinh cAn bang ning luong
m,h, +m,Cg,t, = m,(h, —dh,) +
My, Cow (ty, + dty,) +diy, Coytyy (13)

- m,dh, =m,Cs,dt, +dm,,Co,t,, (14)
= M, (hae — ) = My, Coy (tyz — ty) +
MuwCowlpw (15)
- Entanpi cua nudc [kJ]

h,, = 4,1868.M.t,, (16)

- Entanpi cua khéng khi 4m béo hoa [kJ]

h, = Exp(2,39329 + 0,10648.t, —
0,00135.t2 + 0,000010058. t3) (17)

Ma
6 ta+dta
ha+dha —

Wa+dwa
2

Mw

tw+dtw
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Hinh 5. Can bang nhiét va chit ¢ thiét bj tach 4m

[ N AL \
tar=twt,=t, = £, 0,001
| AH,=H,-H,;: AH,=H -H,; AH=AH,-AH, |

tw = ta; tam=0 [AH,-tam>0
/;

/ DO t,, = t,; + 0,0001; tam=AH,

AH,=H,-H,;: AH=H,-H,,

W wle

AH-tam>0
t,. AHitams0  t <t
[ H“c_:H“,JJrl-[al-le-Hw mitHa | \ L(,(,:t“i-ﬂlmm |
I = b | = H]aa |
l AH=500 [tys=t, TAL,,, J

| AH,=Hy*AH; AHy0=Hye-Hy min TAH, ‘

/—

AH -t 1u6>0
AH“HI'HaS>0

g DO AH,=AH,+0,01

AH,=H,, FAH,
AHW\Q:H\A()'H\\_min +AHy

| Akul'HaﬁSO AHW(\ I'Hal5501

tw2=te -Atmul 5=ty TAL
Q= 1-Cp (tua-tu)

a5™ a6 < thy hi

111111

thu I|5|:H?|(’7H‘j5
Lo =herrQy, /(1 Cp)

|
I
| taa=tu3-Qyy 2/ (1-Cp) ‘

| Q Lo ‘

chp v

| GOR |

Hinh 6. So d6 khdi qua trinh md phong
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3. KET QUA VA BAN LUAN
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) Hinh 11. Nhiét d6 nuéc phun 65°C
Ty |é lvu lwong khoi lwong
Két qua md phong trén cac hinh 7-11 cho

Hinh 8. Nhigt g nw6c phun 80°C thdy hé sb GOR ciing thay déi theo ty 18 luu
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lugng khéi lwong va chénh léch nhiét do tai diém
Pinch. Atmin cang thap thi hé s6 GOR cang cao.
Tuong ty nhu hiéu suat thu hoi nhiét [7] thi tai ty
& luu lwong khdi luong giita nude phun va khong
khi téi vu thi hé s GOR ciing dat gié trj cuc dai.
Ty 1é luu lwong tdi wu gitta nwdc phun va khéng
khi ciing khong phu thudc vao gié tri Atmin. Didu
nay d ciing ¢ lai két luan 1a ang voi mot gia tri
nhiét d6 nudc phun s& c6 mot ty 1 luu luong téi
wu dé hiéu suét thu hdi nhiét va hé sé GOR I6n
nhat.

3.2 Anh hwéng cia nhiét d§ nwéc phun va ty
1¢ Iwu lwong khéi lweng giira nwéc phun va
khéng khi dén hé s6 GOR

2
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Hinh 12. Atmin=5°C
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Ty 18 lwu luvong khéi lvong
Hinh 14. Atmin=3°C

.
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o~ N o
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0 2 4 6
Ty 18 luu luvong khéi lvong
Hinh 15. Atmin=2°C

Két qua md phong trén cac hinh 12-15 cho
thdy hé s6 GOR ciing phu thudc vao nhiét do
nuéc phun. O cling mot gid tri Atmin khi nhiét do
thay doi thi hé sé GOR ciing thay ddi. Tuy nhién
su thay ddi cua hé s6 GOR theo nhiét do khdng
gidng nhau khi Atyin thay ddi. Trén hinh 12 ta
thay rang o gia tri Atmin=5°C thi tai nhiét d6 nuéc
phun 12 70°C va 75°C thi hé s6 GOR la cao nhat.
Khi nhiét d6 nuéc phun 16n hon 75°C va nho hon
70°C thi hé s GOR s& giam xudng. Nhu vay néu
xét v& phuong dién hiéu qua niang luong thi nhiét
6 nue phun hop 1y khi Atmin=5°C I tir 70-75°C.
Tuong tu trén hinh 13 ta thiy ring ¢ gia tri
Atmin=4°C thi khi nhiét d6 nuéc phun la 70°C thi
hé s6 GOR 14 cao nhat khi nhiét d6 nuéc phun
I6n hon hodc nhé hon gia tri nay thi hé sé GOR
giam. Khi gia tri Atmin<3°C thi hé s GOR la In
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nhét khi nhiét d6 nuéc phun 1a 65°C. Nhu vay ta
nhan thidy mot quy luat 1a khi gia tri Atmin cang
giam thi nhiét d6 nudc phun ciing s& giam dé hé
s6 GOR dat gia tri cao nhat. Tuy nhién dé dat
dugc gia tri Atmin cang thap thi thiét bi trao doi
nhiét phai c6 hiéu suat cang cao, diéu nay la rat
kho khin ddi voi cac thiét b trao doi nhiét.

T6m lai Gng Véi gid tri Atmins=5°C thi néu xét
ca 2 phuong dién: hiéu qua thu hdi nhiét [7] va hé
s6 GOR thi nhiét do nudc phun téi wu dé 2 thong
s6 trén 1a toi da nam trong khoang tir 70-75°C.
Véi gida tri nhiét d6 nay thi cac collector mat troi
dang phang hoan toan c6 kha ning dap ung.

3.3 Anh hwéng cia Atmin dén h¢ s6 GOR
2,5
2

15

GOR

1

0,5

0

o . 5 10
Chénh léch nhiét d6 toi thiéu[°C]
Hinh 16. Anh huéng ciia Atmin dén GOR & nhiét do
nuée phun 13 85°C va m tdi uu
2,5

15
(O]

0,5

0 5 10
Chénh léch nhiét d6 t6i thidu[°C]

Hinh 17. Anh huéng ciia Atmin dén GOR & nhiét do
nudée phun 13 80°C va m tdi uu

0 5 10
Chénh léch nhiét d6 t6i thiéu[°C]

Hinh 18. Anh huéng ciia Atmin dén GOR & nhiét do
nuée phun 1a 75°C va m tdi vu
35

0 5 10
Chénh lech nhiét d téi thidu[°C]

Hinh 19. Anh huéng ciia Atmin dén GOR & nhiét do
nu6e phun 1a 70°C va m tdi vu

0 5 10
Chénh léch nhiét d6 téi thiéu [°C]

Hinh 20. Anh huéng ciia Atmin dén GOR & nhiét do
nuée phun 13 65°C va m tdi uu
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Két qua md phong trén cac hinh 16-20 ciing
cho thay khi gié tri Atmin cang thap, néu nhiét do
nuéc phun cang thap thi hé sé GOR cang cao va
nguoc lai khi gié tri Atmin cang cao, néu nhiét do
nuéc phun cang cao thi hé s6 GOR cang cao. Nhu
vay néu thiét bi trao ddi nhiét cd hiéu suat thap
(Atmin cao) thi nén chon nhiét @6 nudc phun cao
dé cho hé s6 GOR cuyc dai.

Dua vao két qua trén ching tdi nhan thay
rang néu Atmin>10°C thi nhiét d6 nudc phun la
85°C s& ¢6 h¢ s6 GOR cao hon & nhiét do nuéc
phun 12 80°C. Néu Atqin>7°C thi nhiét d6 nudc
phun 1a 80°C s& c6 hé s6 GOR cao hon & nhiét o
nuéc phun 1a 75°C. Néu Atyin>5°C thi nhiét do
nuéc phun 1a 75°C s& ¢6 hé s6 GOR cao hon &
nhiét d6 nudc phun 1a 70°C. Néu Atpin>3,5°C thi
nhiét d6 nude phun 13 70°C s& ¢6 hé s6 GOR cao
hon & nhiét dd nuéce phun la 65°C.

4. KET LUAN

Tir két qua nghién cau chdng toi rat ra mot
sb két luan nhu sau:

- Ung véi mdi gia tri nhiét do nudc phun khac
nhau va chénh léch nhiét d¢ toi thiéu Atmin
khéc nhau s& ton tai mot ty 1& Iuu lwong tdi
wu gitra nudc phun va khong khi dé hé sé
GOR la 16n nhat. Két qua nay ciing gidng véi
két qua nghién ciru vé hiéu qua thu hdi nhiét
trong hé théng cua chang téi [7] va Hou [1].

- Ung v6i mdi gia tri Atmin thi s& ton tai mot
khoang nhiét d6 nuéc phun hop 1y dé hé sé
GOR tét nht. Atmin thap thi nhiét d6 nuoc
phun thap va nguoc lai. V6i gia tri Atmin=5°C
thi nhiét d6 nuéc phun hop ly la khoang tir
70-75°C thi h¢ sb GOR Ia tét nhét. Vé mat

thu hoi nhiét & gia tri Atmin=5°C thi trong [7]
chung t6i xac dinh dugc nhiét do nudc phun
hop ly trong khoang tir 65-85°C. Nhu vay
néu két hop ca 2 mat thi ving chung cua
nhiét d6 nude phun dé hiéu qua thu hoi nhiét
va hé s6 GOR tét nhét Ia tir 70-75°C.

- Véi mdi gia tri Atmin khac nhau thi ddy nhiét
d6 nudc phun hop 1y dé hiéu qua thu hoi
nhiét va hé sb GOR tét nhat ciing s& khéc
nhau. Dé lya chon gia tri Atmin hop 1y cho hé
thong thi can phai c6 mét nghién ctu chi tiét
vé chi phi dau tu va van hanh thiét bi. Theo
Linhoff March [6] thi dbi v6i nhiing thiét bi
van hanh & ddy nhiét thé thap (dudi 100°C)
thi gid tri Atmin tbi uu khoang bang 5°C. Do
d6 chung toi két luan rang véi nhiét do nuée
phun hop Iy nam trong khoang tir 70-75°C
thi hé théng khir mudi phun tach 4m hoan
toan c6 thé sir dung ning luong mat troi dé
cap nhiét.

- Hé sb nang suit cia hé thong khir mudi phun
tach am phu thuc vao nhiét do nuéc phun,
nhiét d6 nude giai nhiét va ty 1€ luu luong
khéi luong gitra nuéc phun va khéng khi.
Khi cac gia tri nay thay doi thi diém dat gia
tri Atmin Cling sé thay ddi theo, do d6 viéc xac
dinh diém dat gia tri Atmin S& mat rat nhiéu
thoi gian. Chuong trinh md phéng da giai
quyét duoc van dé kho khin nay, tir d6 tinh
toan duoc hé sb nang suat cua hé thong mot
cach dé dang.
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ABSTRACT

The main content of the paper focuses on the
theoretical study of the heat exchange between
sprayed water and air in a humidification —
dehumidification unit. The gained results [7]
have been validated by using Hou data [1] and
show that, in order to achieve the maximum
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