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Tom tit. Diéu hoa khdng khi tao nén moéi truong 1am viéc thoai mai, d& chiu, gép phan 1am ting ning
suit lao dong, dic biét trong nhitng ngdy néng buc. Phan 16n céc hé thong didu hoa hién nay sir dung chu
trinh may nén co hoc duéi sy dan dong ciua dong co dién. Diéu d6 dan dén lam ting phu tai dién trong
nhitng thang moa he, khi nhu cau diéu hoa tang cao, c6 thé gay mat an toan cho hé théng dién. Lam mat
khéng khi bang phun am Ia cong nghé than thién véi méi trudng, tiéu hao it nang lwong va khdng sir dung
moi chét lanh. Cong nghé nay la giai phap hiru hiéu c6 thé thay thé hé thng diéu hoa khdng khi thong
dung hién nay hodc thay thé mot phan bang cach 1am mat khong khi so bo roi cap khong khi o cho hé
thong diéu hoa khong khi théng thuong. Nhu vay diéu hoa khong khi co thé thay thé ting phan hozc thay
thé toan bo bang bién phap phun am. Trong bai nay s& md ta so do nguyén ly hoat dong cua md hinh lam
giam nhiét do khong khi bang phun am va thiét lap phwong trinh truyén nhiét, truyén khéi cho mé hinh
do.

Tir khoa. mo phong, diéu hoa khong khi, trao doi nhiét, lam mat bang khong khi bay hoi, qua trinh lam
mét bay hoi, lam mat bay hoi gian tiép

SIMULATION ON HEAT EXCHANGER FOR INDIRECT EVAPORATIVE PROCESS
APPLIES IN AIRCONDITIONING

Abstract. Air conditioning systems are responsible for increasing men's work efficiency as well for his
comfort, mainly in the warm periods of the year. Currently, the most used system is the mechanical vapor
compression system. Furthermore, the higher electricity demand for cooling causes summer peaks, which
may lead to high electricity prices and grid connected problems as black-outs. However, in many cases,
evaporative cooling system can be an alternative to replace the conventional system, under several
conditions, or as a pre-cooler in the conventional systems. The remaining cooling demand must be
covered with alternative, environmentally friendly cooling technologies. This paper presents the basic
principles of the evaporative cooling process for human thermal comfort, the principles of operation for
the evaporative cooling system and the mathematical development of the equations of thermal exchanges,
allowing the determination of the effectiveness of saturation to determinate the convective heat transfer
coefficient with the mathematical calculation.

Keyword. simulation, air conditioning, heat changer, air evaporative cooling, evaporative cooling
process, indirect evaporative cooling
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1. GIOI THIEU

Lam mat khong khi bang phun am 1 qué trinh truyén nhiét, truyén khéi trén co s chuyén hoa l1an
nhau gitra nhiét an va nhiét hién gitra hoi nudc va khéng khi. Phun am c6 thé ¢ hai dang: phun am tryc
tiép (direct evaporative cooling — DEC) va phun am gién tiép (indirect evaporative cooling — IEC).

Phun am tryc tiép — DEC la cong nghé lam mat khong khi cé két cau don gian, tiét kiém nang luong,
than thién véi méi truong. Khi khong khi lvu dong qua nhitng hat nuéc nho ly ty tao thanh man suwong do
phun am, hat suong bay hoi vao khong khi, khong khi bi mat di mot luong nhiét dé cap cho am bay hoi
Iam cho nhiét @6 khdng khi giam xuéng. Nhu vay qua trinh truyén nhiét va truyén khéi giira khéng khi va
am duoc tién hanh ¢ nhiét do thip hon nhiét d6 moéi truong, vi vay nhiét do khdng khi giam xudng dong
thoi do am cua khong khi tang 1én. Pay 13 qua trinh bay hoi doan nhiét véi enthalpy khong khi khong
thay doi. Qua trinh nay két thic khi khong khi dat toi trang thai b&o hoa.

Trong ving khi hau néng am thi DEC kém hiéu qua vi d6 4m caa khdng khi ngoai troi da tuong dbi
cao, rat gan dén trang thai bdo hoa. Dé ting kha ning cho 4m bay hoi vao khong khi gan bdo hoa thi can
giam do 4m cua no rdi phun am, d6 1a phun am gian tiép (IEC).

Phun am gian tiép duoc thuc hién trong hai kénh dén dat ké nhau, cich ly qua vach ngin. Dong
khong khi bén ngoai (goi la dong so cép) luu dong vao kénh chtra chat hit am (con goi la kénh kho), do
am cua dong so cap nay bi hip phu boi chat hat 4am nén d6 am khdng khi ra khoi kénh nay giam xudng.
Kénh con lai dwgc phun 4m ¢ dang swong md (con goi 14 kénh wét). Dong khong khi tr phong lam viéc
(goi la dong tha Cap) s€ luu dong qua kénh u6t. Nhu vay IED, ngoai nhiém vu tach 4m con ¢ vai tro nhu
mot thiét bi trao ddi nhiét. Nhiét lugng cua dong so cap truyén cho dong thir cap 1a trao dbi nhiét di luu
qua vach ngan. Dong thir Cap c6 nhiét do thip hon nhiét do ciia dong so cap lai qua kénh wot nén nhiét do
cua no lai tiép tuc giam xudng, 1am gia ting chénh 1éch nhiét d6 cua 2 dong do vay nhiét luong trao doi
gilta hai kénh cling dugc tang cuong. Qua trinh trao dbi nhiét nay cling lam cho nhi¢t do chat hat 4am giam
xuong, gop phan lam tang kha nang hap phu hoi nuéc ciia chat hat am. Vi CAU tao nhu trén thi trong giai
doan phun am gian tiép khong nhiing lam giam nhiét do khong khi so cép ma con lam ting hiéu qua hoat
d6ng cua qué trinh. Hinh 1 dudi day mé ta phan phun 4m gién tiép.

Nhiét d6 va do 4m ciia dong so cap ra khoi kénh hap phu am da giam xudng. Dong nay dugc dan
vao phun am tryc tiép. Qua DEC nay, nhiét 6 khdng khi lai tiép tuc giam.

Hip phy Kénh hap phy ] ,
) Chat hat 4m
- Dong so cap
Jl Hoi am —— = —
§ Dong nhist .
. . Dong khi thai |- I—Vach ngin
ﬂ Dong k khi <
Dong thi cap

Phun émr Kénh am uét

Hinh 1. Khong khi dwoc tach 4m & giai doan phun 4m gian tiép

C6 thé diéu chinh luu lugng cua dong so cip, cach sap xép chét hit am dé c6 thé diéu chinh nhiét
d6 cua dong nay trudce khi dong Iuu dong vao DEC. B6 am va nhiét d6 caa khong khi dua vao phong lam
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viéc s& diéu chinh qua phan phun am giéan tiép. Nhu vay cd thé diéu chinh nhiét do va d6 am va cua
khong khi di vao phong lam viéc khi dong thir cip wu théng qua IEC rdi tiép tuc qua DEC. Hinh 2 minh
hoa so' dd két cau cua thiét bi diéu hoa khong khi. Trén hinh v&, banh xe truyén nhiét va banh xe hit am
hién dién cho IEC. Khdng khi bén ngoai khi luu dong qua banh xe hit am va banh xe truyén nhiét, dong
so cap giam do am va nhiét d6 roi qua phun am dé nhiét do lai tlep tuc giam xudng. Qué trinh nay hoan
thanh mét chu ky, goi 1a chu ky hap phy, né thyuc hién chirc ning diéu hoa khdng khi.

Nhiét ning
mat trod

DEC
Dong so cép /‘;}2\ — A 1
| 2 |
=
I E |
@ I @' - | e |
. ~ | § |
o | A
Thai ra ngoai == L N Dong thircdp |
- O——W) — -
Bénh xe Banhxe Phun 4m cho
hit am truyen nhiét  gang thi cdp

Hinh 2. So a6 két cau thiét bi diéu hoa khong khi bang phun 4m

Khi chat hdt am da bao hoa, khong con kha niang hap phu am cua khong khi nita thi phai giai phong
am ra khoi chat hat am. Bé am thoat ra khoi chat hat am thi can cung cip nhiét ning cho chat hat 4m da
bdo hoa. Nhiét do cua nguon nhiét nay khdng cao nén co thé duoc cap tir nhiét thai trong san xuit cong
nghiép hoic ning luong tai tao (trén hinh vé 1a birc xa mat troi). Khi d6 dong thir cap, bat ngudn tir phong
lam viéc luu dong vao bo thu nang lwong mat troi. Dong thi cap dwoc hAm nong, nhiét do cia dong duoc
gia tang roi luu dong qua chit hit 4m da bio hoa dé giai phong 4m cho nd. Nhu vay qua trinh nay thuc
hién chu ky giai phong am. Hinh 4 md ta qua trinh giai phdng am tir chat hit 4m da bio hoa.

Nhu vy qua trinh diéu hoa khdng khi phai thuc hién véi hai chu ky roi rac. Bé qué trinh lién tuc thi
can phai c6 hai thiét bi hoat dong dong thai, két ndi phi hop dé hd trg cho nhau. Khi thiét bi nay hoat
dong theo chu ky hap phu thi thiét bi kia hoat dong theo chu ky giai phong 4m. Banh xe hat 4m va banh
xe truyén nhiét quay voi van téc phi hop dé dat chat hit 4m chua bao hoa vao vi tri, tai d6 dong so cap
luu d6ng qua va chat hit 4m da bio hoa vao vi tri ¢ khdng khi ndng thdi qua.

Qué trinh giam nhiét do va do am khong khi dwoc mé ta trén biéu d6 hinh 3 duéi day. Nhu vay kha
nang giam nhiét d khong khi phu thudc vao mirc do giam do ém clia dong so cap va luong nhiét trao doi
gitra dong so cap va dong thir cp. Vivay Can lya chon chat hit am phu hop véi nhu cau diéu hoa khong
khi. Mit khac, dé ting cuong truyén nhiét can phai két hop gitra chénh léch nhiét do va bé mat trao doi
nhiét dé lwong nhiét trao di gitra hai dong (so cap va thir cap) 1a 16n nhat.
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Hinh 3. Biéu do biéu thi qua trinh thay d6i trang théi cua khdng khi qua phun am

~ Qua trinh truyén nhiét va truyén khéi trong IEC déc trung tong thé cho h¢ théng nén chiing toi chi
thiét lap qua trinh tinh toan cho phan nay.

2. THIET LAP PHUONG TRINH TiNH TOAN CHO IEC

Céc phuong trinh bao toan khdi luong va ning lugng dugc thiét 1ap cho vy phan mét thé tich nam
trén bé mat vach ngin trong kénh hip phu cua IEC voi diéu kién trao ddi nhiét én dinh. M6 hinh tinh toan
s& duoc thiét 1ap dua trén két cau cua IEC. Cac phuong trinh s& mo ta toan dién qua trinh truyén nhiét va
truyén khdi khi am bay hoi tir man phun swong am w6t vao khdng khi va trao doi nhiét giira dong so cp
va thir cap. So do luu dong cac dong dé thiét Iap phuong trinh tinh todn dwoc minh hoa & hinh 4, trong d6
khong khi bén ngoai 1a dong so Cap duoc dan vao kénh hap phy, dong tha cap bat dau tir phong lam viéc
chuyén dong qua phun am roi dan qua kénh giai phong am. Dong so cap va tha cap luu dong nguoc chiéu
va dong am cua man phun swong chuyén dong cit ngang ca hai dong so cp va thi cap. So do luu dong
ctia cac dong va cac thdng sb cua no dugc thé hién trén hinh 4.

Truéc khi thiét 1ap phuong trinh, chiing t6i dé xuat mot vai gia thiét c6 thé phu hop véi diéu kién
thyc té nhu sau: H¢ thong duoc cach nhiét hoan hao, nhiét lugng khong truyén ra méi trudng xung quanh;
Nhiét va am duogc truyén theo hudng phap tuyén, khong khuyéch tan theo hudng chuyen dong cua dong
khong khi; Véach ngén kin, khong cho hoi am xuyén qua;Boé qua biic xa gitra dong thir Cap va dong phun
am;Qua trlnh 6n dinh, tinh chét nhiét vat Iy va luu luong ciia dong khong thay doi trong suét qua
trinh.;Nhiét dung riéng cua 3 dong la hang so;Nhiét do bé mat tiép xuc giira khdng khi va am (hat nuéc) &
man suong phun am thi bang nhiét do nudc, khong khi trén bé mat do o trang théi bao hoa.
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Hinh 4 — So d6 luu dong cua cac dong trong toa d6 3 chiéu (a) va 2 chiéu (b)
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Mién tinh toan duoc lya chon 14 mot nira kich thudc cia kénh so cap va thi cap nhu trén hinh 4(a),
hai kénh nay dbi xung. Dé thé hién rd qua trinh hoat dong cua thiét bi, mién tinh toan duoc chia thanh
nhiéu thé tich kiém soét véi dién tich bé mit vo ciing bé dx.dy nhu duoc thé hién trong hinh 5. Nhu vay
lugng am dich chuyén qua mién tinh toan s& Ia:

Luong am dich chuyén theo mién tinh toan trong dong so cap s& la:

m, :,ovpLy.%zp Q)
theo mién tinh toan trong dong thir cap:

m, = pv, Lx-% Z, )
va theo mién tinh toan cia dong phun swong:

m, =pLI 3)

Nhu vay luu lugng cho dong so cap, thir cip va am cua dong phun suong twong (g co cac gia tri 1a

d dx dx C x .
m, Y ,m,—,m, —. Trén hinh 6 biéu dien cac théng so6 cua cac dong luu dong trén 1/2 kénh cua dong
L L L
y

so cap (sau nay goi 1a kénh kho) va trén 1/2 dong thi cap (sau nay goi la kénh uét).

X X

dx  Om,
—+

m,
L oL

PO S 5 T,
. a V'

Hinh 5. Phan b cac dong trén mot nira phan tir dang khao sat

2.1 Dong so cap

Dong so cap tir bén ngoai luu dong vao kénh hap phu (kénh khd), truyén cho bé mat phan cach
lugng nhiét dQp va lugng nhiét nay lai truyen bang dbi luu cho man suong tao nén do phun &m & kénh
wot. Tuy nhién trong thuc té thi lop am nay s& khong bao phu toan bd bé mit vach ngan. Nhu vay qua
dién tich cua vach ngan, trao d6i nhiét s& tién hanh vai 2 cip luu chat: mot 1a truyén tir dong so cap
(khbng khi) dén am ciia man swong qua phan dién tich wot, hai 1a qua phan dién tich con lai thi nhiét
lugng truyen tir dong so cip qua véch ngan dén khdng khi cua dong tha cap. Nhu vay, can phai xac dinh
phan dién tich am u6t dudi vach ngan qua hé s6 “am uét” o va phan dién tich (1 — 6)dx.dy la phan khéng
bi 4m wot. Phan 16n nhiét lugng tir dQ, s& truyén cho dong tha cap qua I6p 4m. Nhiét hién cua dong so
cap truyén cho I6p am s& la:

dew = KW (Tp _TW)U'dX'dy (4)
Va nhiét hién caa dong so cap truyén cho dong thir cap qua phan dién tich kho sé la:
dea = Ka (Tp —Ta)(l—O')dX.dy (5)

Nhu vay téng nhiét lvong dong so cip truyén cho dong thir cap sé 1a:
dQ, =dQ,, +dQ,, = K, (T, —T,)o.dxdy+ K, (T, —T,){1—&)dxdy (6)
Phuong trinh can bang nhiét cua dong so cap nhur sau:
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Dau trir trong phuong trinh trén bieu thi hudng dong nhiét ra khoi dong so cap.

Két hop phuong trinh (6) va (7) thi phuong trinh sau duogc thiet lap:

¢, T,
—mpL—a— KT, -T,)o+K,(T,-T,)1-0) (8)
Sau bién d6i s& dan dén phuong trinh sau:
6Tp L,
—=——[K,(T,-T )0+K (T,-T )(1 o)] 9)
OXx mygc,
‘Trong céc phuong trinh trén K la h¢ SO’truyén nhiét cua dong nhiét tir dong so cap dén 16p ém,ﬂ Kla
hé so truyen nhiét gitra khdng khi dong so cap va dong tha cap. Cac hé so truyen nhiét do duoc bicu thi
bang biéu thuc sau:

L =—+T+ ! (10)
KW ap 2\/I’] aW
1 = i+%+i (11)
Ka ap ﬂ\m aa

Trong hai biéu thirc trén da bo qua nhiét tro tiép xdc va v, 1a bé day vach ngin, Aw 12 hé s6 dan
nhiét ctia vach ngan.

2.2 L6p 4m cia man phun swong

Ldp am cua man phun suong trong kénh w6t khdng nhiing hap thu nhiét tir dong so cp ma con thuc
hién bién doi nhiét an thanh nhiét hi¢n trong dong thw cap. VEly thuyet thi ton tai mot mang am rat mong
& bé mit tiép xdc gitra 4am va khong khi, nhiét do bé mat nay chinh bang nhiét @ mang am, khdng khi ¢
bé mat d6 da bao hoa [8]. Trao doi nhiét hi¢n dQs phu thudc vao chénh léch nhiét do cua Am Ta va nhiét
do Ta cua dong thu cap. Mit khac sy bién doi nhiét an dQy, lién quan dén su bay hoi nugc vao dong thi
cap. Qua trinh d6 phu thugc vao chénh Iéch nhigt d6 cua bé mat tiép xdc gitra am voi khdng khi va nhiét
d6 khong khi & dong thir cap. Cac dong nhiét do6 s& Ia:

dQ, =, (T, —T,)o.dx.dy (12)
dQ, =i,a, (W, —w,)o.dx.dy (13)
iv 1a enthalpy cua hoi 4m tai bé mit tiép giép c6 nhiét d6 tw ctia am, iy dugc xac dinh nhu sau:
i\/ = iO + vatw (14)

~ Tong nhiét lugng dQup, dQs va dQis& can bang véi sy thay doi nhiét lrong mang am dQuw, N6 dugc
thé hién & phuong trinh sau:
dQ, =dQ, +dQ, +dQ,, =i,a, (W, —w,)o.dxdy +dQ, =, (T, —T,)o.dxdy + K, (T, —T )o.dx.dy

‘ (15)
Phuong trinh biéu dién bay hoi khi phun swong nhu sau:
dx om,,
_L_x & = o, (W, —w,)o.dx.dy (16)
Bién d6i phuong trinh (16) s& dan dén phuong trinh sau:
om
Y=L, (W, —wW,)o 17)

%y

Toan bo nhiét lugng trao ddi voi nhau s& 1am noi nang thay dbi, din dén phuong trinh sau:
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dx om dx
dQ =c,—(m “d Wd c,—m,T,
Q, WLX( w T Y y(T, + Y y)— L

_ dx (6mw dyT, +m, oT, dy + om, dy). T, dy
oy oy oy oy
Két hop véi phuong trinh (15) thi nhan dugc phuong trinh sau:
m T
OIX(a —XdyT, +m, a Wdy+a Wdy).a Ly =
oy oy oy oy (19)
= lvad (W, —w,)o,dxdy +dQ, = «, (T, —T,)o.dxdy + K, (T, - T, )o.dx.dy
M& ngoic va bo qua vy phan bac 2 vi gia tri caa no rat bé s& dan dén phuong trinh sau:
T
8_W= X w,)o(, -T,c,)+a, (T, -T,)o+K, (T,-T,)o] (20)
2.3 O dong thir cap
Do 4m khong khi ¢ dong the Cap tang 1én do phun suong dong thoi dong thu Cap trao ddi nhiét hién

v6i dong so cap va lép am. Can bang am qua truyén khéi gitra Iop am va dong thir cap duoc biéu thi boi
phuong trinh sau:

(18)

dx oW,
ddy =« —w.)o.dxd 21
Ty y = a (W, —W,) y (21)
Sau khi blen d6i s& dan dén phuong trinh:
ow L
= _Xad (Wsw - Wa)a (22)
oy m,

Sy bién doi nhiét an s& dién ra ngay tai bé mat tiép xdc gitra khong khi va am do chénh léch nong do
hoi am. Nhiét lugng d6 la:

dQ, =i,a, (W, —w,)o.dx.dy (23)
Nhiét luong trao d6i bang ddi luu gitra 16p am va khong khi sé la:
dQ, =, (T, —T,)o.dx.dy (24)

Toan bo nhiét lugng trao ddi cua dong thir cap 13 dQi, dQs va dQap, tir 6 c6 phuong trinh sau:
dQ +dQ, +dQ,, =i, (W, —w,)o.dxdy +a, (T, —T,)o.dxdy + K (T, —T,)1-o)dx.dy (25)
Sy trao d6i nhiét 4n va nhiét hién lam thay ddi enthalpy cua dong thir cap, né dwoc biéu dign boi
phuong trinh sau:

dQ, =m, & %a gy (26)
LX oy
Két hop phuong trinh (25) va (26) s& dan dén phuong trinh sau:
o, L r.
o = L (0, =)o+, (T, =T )o+ Ky (T, ~T)(1-0) @7

Trong phuong trinh (27), i, dugc xac dinh nhu sau:

o, = (c + Wacpv)aT + (cpv . g )ow, (28)
C6 thé xé4c dinh duoc rang:
or, Lh, C,
=" _ad( _Wa) (Tw_Ta) (29)
ay mac pa

Trong d6 nhiét dung riéng cua khong khi 4m 1a: ca = Cpa + WaCpy.
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Tong hop tir cac phuong trinh (9), (20), (22) va (29) theo quy luét bao toan khéi luong va bao toan
ning lugng do6i véi huéng chuyén dong ngugc chiéu, giao cit nhau ciia cac dong trong IEC, s& dan dén hé
phuong trinh sau day:

ar, L,
== e, [K, (T, -T,)o+K,T,-T,)1-0)] (30)
oT, L
Ezmwcw[ad(wa o, ~T,C) +a, (T, -T,)o +K,(T,~T,)o | (300)
ow, L
8ya =m_:hd (W, —w,)o (30c)
T, _ L, [ va( wa)}(rW—Ta) (300)
oy mpc,

2.4 Heé sb truyén nhiét va truyen khéi

Dé tinh trao doi nhiét gitra kénh kho va wot thi C?ln phai xac dinh hé sb truyén nhiét trong phuong
trinh (9) va (10). H¢ so toa nhiét doi Iuu cua dong so cap phu thuge vao trang théi luu dong cua dong. Hé
s0 nay dugc xac dinh theo phuong trinh sau:

Nu,.K,
a,=—"-"F (31)
de,

Hé sb truyén nhiét cua dong thir cip luu dong qua kénh wdt duoc xac dinh qua cong thac thuc

nghiém cua Stoitchkov [10] nhu sau:

|_ -9,98
a, =36,31(pv,)*% (i] (32)

Hé sb truyén nhiét caa am tir man suong luu dong 6n dinh theo huéng cit ngang dong khéng khi
duoc xac dinh theo [9,10] nhu sau:

1/3
o, 3r m
Nu, = %% —188; 5= L), p=— M (33)
Trong d6 8w 1 bé day ciia man swong, N 1a s6 vach, T 12 lwong am tuyén tinh, kg/(m.s). ‘
Thong thuong thi danh gia chinh xac sai 1éch cua he SO truyen khoi that sy kho khan, phtc tap. Nhiéu tac
gia da nghién cttu anh huong cua chi so Lewis den hi¢u qua cua IEC. Chi so Lewis dugc xac dinh nhu

sau:

-2/3

Le, -t _ @ :(EJ _ Le® (34).
St, C,ay Sc

w

2.5 Hiéu qua cia nhiét d9 bau wét

Mirc do suy giam cia nhiét do bau uot c6 vai tro quyét dinh dén hi¢u suat cua IEC. Thong s6 dau
vao cua dong thir cap dugc xac dinh tur trang thai khong khit & phong lam viéc, thong so nay khac vei
thdng so dau vao cua dong so cap. Nhi¢t do bau w6t cua dong thur cap phai thap hon nhiét do dau ra cua
dong so cap méi duy tri qua trinh truyen nhiét va truyen khoi. Sy chénh Iéch nhiét d¢ gitta dong so cap va
nhiét d6 bau uét cua dong thir cap 1 yéu to quyét dinh mirc d giam nhiét do khéng khi. Nhiét d6 thap
nhat 1y tuéng ma dong so cap dat duoc la nhiét d bau uét tai dau vao cua dong thir cap. Hiéu qua caa
bau wét &,, 1a ty sé giira sy suy giam nhiét do thuc té cia dong so cap va nhiét do ly twéng co thé dat
dugc. Theo [7], hiéu qua cua nhiét d6 bau w6t dugc xac dinh nhu sau:
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T—Th (35)
g —_—
w T Tal wh

3. TRINH TU VA KET QUA MO PHONG

Cac phuong trinh (9), (20), (22) va (29) dugc su dung trong qua trinh tinh toan truyén nhiét va
truyén khoi trong IEC. C6 thé co 4 phuong 4n chuyén dong cac dong, ¢ ddy ching toi chi gioi thicu
phuong an tinh toan voi phuong thirc luu dong cua dong dugc tng dung rong rai. Do la dong so cap
Chuyen dong nguoc chiéu vai dong thir cap va man swong phun am luu dong giao cat dong so va thir cap.
So dd luu dong cua cac dong dugc minh hoa trén hinh 6.

-l

Dong so cap
’ deﬂ_ —

Man sirong

Q. 07 70 ] vt 6ép xae hoinude

Dong thi cip

Hinh 6. So d6 luu dong cua cac dong trong IEC

Dé giai cac phuong trinh trén can phai kém theo cac diéu kién sau day.
3.1. Piéu kién ban dau va diéu kién bién

Dong 4m cua phun suong luu dong tuan hoan tir binh chira dén voi phun nén nhiét 6 nude vao va ra
khong thay doi, vi vay phuong trinh biéu dién dong nhiét caa né la:

Lx Ly
[[dQ, =0 (36)
00
Déi v6i dong so cap:
Lx Ly
j j dQ, =0,T,(x=0) =T, (37)
00
Déi vai dong thir cap:
T (y O) a| ’ Wa (y = 0) = Wai (38)

3.2. Trinh tw mé phéng

Cac phuong trinh (9), (20), (22) (29) cung dleu kién bién hinh thanh t6 hop thich ung v6i ung dung
MATLAB dé md phong trén may tinh cho phun am giéan tiép véi dong nguoc chiéu va giao cit nhau.
Trudc khi md phong, can phai nhap dit liéu co ban va trang thai khong khi ban dau, van toc téi thiéu caa
dong khi ¢ ving giao nhau vy, Va va nhiét do khdng khi ty, t. CAc dit ligu nay 1a co s& caa mién tinh
toan. Dua trén nhirng dit liéu nay, may tinh s& thuc hién tinh toan toan dién dé xac dinh hé sé truyén nhiét
va hé s truyén khdi tuong wng. Mién tinh toan s& duoc chia thanh nhidu phan doan twong (ng vai tirng
phuong trinh chi phdi. M&i phuong trinh chi phéi chira cac phan tir v cling bé va sé tinh cho ting phan
ta. Két qua cho phan tir truéc duoc coi 12 dit lidu dau vao cho phan tir tiép theo. Quéa trinh md phong s&
hoan thanh cho dén khi diéu kién bién cho nudc tuan hoan, theo phuong trinh (35) duoc thoa man. Qué
trinh tinh toan dugc minh hoa & hinh 7. Trong quy trinh md phong nay, qué trinh tinh lap dé xac dinh
nhiét d6 ctia nudc tuan hoan 1a quan trong nhat vi khong biét dugc nhiét do nay ngay tir dau.
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[ Batdau |

- Kich thuée ban phing

Nhap dir liéu
- Diéu kién bién

h 4

‘ Tinh toan cac hé sb

truyén nhiét va tuyén khéi

v
Giai tim phirong trinh cho
méi mot thé tich kiém soat

.

Khéng - Kiém tra
0<x<Lax&0<y<Ly

‘

l Phu hgp

Tinh sai s6
gitra ty, va ty;

l Héi tu

‘ Dit liéu dau ra

—

Khéng héi ty

tinh 1ap
A

- N.d6 khéng khi ctia dong so cap tpo ‘

- Hiéu qua nhiét d6 biu wdt sws

l

[ Két thue

Nhap twi dé bét dhu

Hinh 7. Biéu d6 biéu dién qué trinh mo phong

Két qua md phong vai luu lugng khong khi khac nhau dwoc biéu dién trén hinh 8a, 8b va 8c.

10 1.0
8| ]
// 08
6 // _
& ~ = B>
s At e <
o -4 0.6 — a
B I e e N o W 3
4
L e o 0.4
2
0 0.2
30 32 34 36 38 40 42
i(°C)

Hinh 8a. Két qua md phong véi luu lugng dong
so cap 200m3/h
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At (°C)
E=S

£, (%)

30 32 34 36 38 40 4
i (°C)

Hinh 8c. Két qua md phong véi luu lugng dong so cap 1a 400m3/h

4. KET LUAN

Bai b&o nay trinh bay nghién ctu trong ddi toan dién mé hinh thiét bj diéu hoa khdng khi qua phun
am véi dong khong khi luu dong nguoc chidu va dong phun am giao cit hai dong khong khi d6 va mo
phong qué trinh truyén nhigt va chuyen khdi xay ra bén trong thiét bi d6. Mo hinh tinh toan trén hé toa do
hai chiéu ket hop su bién thién nhiét d6 mang am & phan bé mat vach am wot trong qué trinh luu dong va
sur dung yeu t6 Lewis dé nang cao do chinh xac caa mé hinh va kha nang lam cho né gan giii hon vdi tinh
hinh thuc té.

Pé kiém dinh mirc d tin cay cho qua trinh tinh todn nay can phai ché tao mé hinh dé so sanh sé liéu
do dac trén md hinh thuc véi két qua tinh toan. Thi nghiém dau tién 1a c6 thé 1ap md hinh thi nghiém dé
so sanh két qua cua tac gia [10], & d6 bo trao doi nhiét dang hinh khéi, tiét dién cua kénh kho va uét cé
duong kinh twong duong 7 mm. Dir liéu x4c nhan thir hai bat ngudn tir cac thi nghiém dugc thuc hién boi
Gomez [12], ngudi dd nghién ctu vé hiéu suat nhiét caa thiét bi trao d6i nhiét, c6 kich thuéc 0,62m x
0,23m x 0,18m tao nén bé mat trao doi nhiét 1a 6 m?, dong khong khi so cip cat ngang bé mat uét. Ching
t6i dang tim ngudn kinh phi dé thuc hién d& tai nay.

Y nghia khoa hoc chii yéu ¢ bai bao nay khdng phai la phun am tryc tiép vao khong khi dé ha nhiét
d6 cua chiing ma 1a md phong mot dang thiét bi trao ddi nhiét c6 hudng chuyén dong cua cac dong dbi
Iru khac nhau, cach bé tri bé mit trao d6i nhiét cling nhu sap xép chat hat am dé giam do am khéng khi,
tr d6 dinh huéng cho thiét k& mé hinh thi nghiém. Qua thi nghlem c6 thé xay dung duong dac tinh cua
thiét bi rdi mo rong ung dung de diéu hoa khong khi cho nhiing vung néng, am, c6 do am khong khi cao
nhu ¢ Viét Nam, khi d6 phun am tryc tiép khong c6 tac dung nhiéu vi khong khi dé bdo hoa khi phun am
truc tiep.
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