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Tém tat - Trong linh vyc didu hoa khong khi, mét trong nhiing giai
phép tiét kiém ning lugng, giam chi phi d4u tu 1a thyc hién trit lanh.
Viéc trit lanh mang lai rat nhiéu loi ich thiét thie cho cac doanh
nghiép 1a: Giam chi phi dau tw, giam chi phi dién ning tiéu thy,
nang cao hiéu qua 1am viéc ctia may va gop phan giam phu tai lugi
dién Quéc gia. Trong c4c gidi phép trit lanh, giai phép trit lanh bing
bang c6 nhidu wu diém va dugc ap dung khé rong réi, déc biét 1a hé
théng cong suét trong binh. Trong cac giai phap trit bang, chii yéu
ngudi ta sit dung gidi phap dong bang bén ngoai dudng ng. Bai
bdo nay trinh bay cac két qua xdy dung mé hinh toan va giai no
trong hai truong hgp: Qua trinh hinh thanh bang (goi 1a qua trinh
nap tai) va qua trinh tai bang (goi 1a qua trinh x4 tai). Két qua tinh
todn 14 co s& dé nhom tac gia thiét k& bon trit lanh cho cac hé théng
diéu hoa khong khi cong suét trung binh tai Viét Nam.

Tir khéa - Trit lanh; trit nhiét; tiét kiém ndng luong; diéu hoa
khéng khi; cao diém

1. Pat vin dé

Trong nhiéu cong trinh nghién ctru vé van dé trit lanh,
nhém tac gia va nhiéu tac gia khac da phan tich r& cac uu
diém ndi bat cua giai phap nay [1, 2, 3, 4, 5, 6] thé hién &
c4c diém chinh sau day:

e Giam cong suat dau tu cta hé théng, nho giai phap
san bang tai;

e Dich chuyén thoi gian van hanh tir ban ngdy sang
ban dém nén hi¢u qua lam viéc cua may lanh cao hon;

e Do van hanh liic thap diém thay cho cao diém nén
gia ca dién nang tiéu thu ré hon, chi con khoang 1/3.

e Gop phan giam tai cho ludi dién Viét Nam lac cao diém.

Trong bai bdo ndy, nhom tac gia trinh bay cac két qua
md phong md hinh toan qué trinh trit lanh va xa tai dé tir
d6 tinh toan duoc thoi gian két dong, phan bd cac dng dan
trao d6i nhiét va cdu tao bé trit lanh mot cach hop ly.

Viéc tinh toan qua trinh truyén nhiét liic trit lanh bang
bang bén ngoai dudng dng va qua trinh x4 tai ciia no 1a rat
phtre tap, trong d6 kho khan nhét 1a chiéu day 16p bang luén
thay d6i, dan dén tr6 nhiét 16p bang do cling thay doi trong
sudt thoi gian truyén nhiét. Nhom tac gia da giai quyét
duoc bai toan nay nhd phin mém tinh toan.

2. M6 hinh toan qua trinh trir lanh
2.1. So do nguyén Iy

So dd nguyén ly h¢ thong thiét bi trix lanh cua nhom tac
gia dugc thé hién trén Hinh 1. Phan lap dat thém cho du an

Abstract - Inthe field of air conditioning, one of the solutions to save
energy and reduce investment costs is to implement cold storage.
Cold storage brings a lot of practical benefits to businesses, including:
Reducing investment costs, reducing power consumption costs,
improving working efficiency of the machine and contributing to
reducing the national grid load. In cold storage solutions, ice cold
storage solutions have many advantages and are widely applied,
especially in-tank capacity systems. In ice storage solutions, mainly
people use the freezing solution outside the pipes. This paper presents
the results of constructing the mathematical model and solving it in
two cases: the ice formation (called the loading process) and the belt
ear process (called the discharge process). The calculation results are
the basis for us to design cold storage tanks for medium capacity air
conditioning systems in Vietnam.

Key words - Cold storage; heat storage; energie saving; air
conditioning; peak times

lam viéc hoan toan doc lap nham thuc hién qua trinh trir
lanh, gdm: M6t hé théng lanh dung 1am lanh tryc tiép nuée
trong mot bé trit lanh kin. Bén trong bé trit lanh co dat
02 dan trao d6i nhiét: Dan 1am lanh nudc da va dan xa tai
lanh cia bé.
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Hinh 1. So' d6 nguyén Iy hé thong trik lanh
0 dan lam lanh bang dugc hinh thanh va bam bén ngoai
duong ong trao doi nhiét va 16n dan cho dén khi tran day
bé trit, bén trong dudng Ong trao doi nhiét la moi chat lanh
R134a bay hoi va nhan nhiét tir nude.

_ Danxa tai lanh cua bé dua nudc 4m tir cac ho didu hoa
ve, nhiét d6 khoang 12°C va dugc bang trong bé 1am lanh
dén khoang 7°C. Qua trinh nay bang nhén nhiét tu nudc am
va tan dan.
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Ban dém: Hé théng lanh l'Zip dat thém chay va trit lanh
vao bé da. Qua trinh trir dugc thuc hién vao thoi gian thap
diém dé don gia dién ning thip dong thoi 1a thoi diém mat
mé dé hé théng hoat dong hiéu qua nang lugng cao nhét.

Ban ngay: Hé thdng didu hoa van hoat dong luc binh
thuong. Trong giai doan cao diém tir 9h 30 dén 11h 30 va
tir 17h 00 dén 20h 00 hé thdng lanh méay diéu hoa tam dimg
dé tranh cao diém va thyc hién qua trinh xa tai & bé da dé
lam lanh thay cho méy diéu hoa
2.2. M6 hinh toan qua trinh tri¢ lanh

Qua trinh tao bang trén dudng éng duoc thuc hién nhu
sau: Moi chat lanh bay hoi & trong 6ng 1am lanh nuéc trong
bé va tao nén 16p bang ¢ bé day sau thoi gian t 12 x. Khi
nhiét ¢ nudc xung quanh dng da dat 0°C, thi ¢6 thé coi
toan b nhiét lugng ma moi chét lanh nhan dugc déu duge
ding d¢é tao bang.

- Dong nhiét truyén tir nudce lanh vao dong moi chit bén
trong duong ong:

tb.ng_to
Q=— 10X 1 dp, 1 ,w/m (1)
2mhy  dz  2mAm dp mdi.ag

Trong d6:

tong, to — Nhiét d6 16p ngoai cua bang va nhiét do bay
hoi moi chat, °C;

Ao, Am — Hé sb dan nhiét cua bang va cua kim loai éng,
Wim.K;

dy, d2, d1 — Pudng kinh 16p bang tai thoi diém t, dudng
kinh ngoai va trong ctiia ong dan mdi chat, m;

a1- Hé s6 toa nhiét vé phia méi chat lanh, W/m2.K.
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Hinh 2. Qué trinh tao bang
- Khéi lugng bang bam trén 1 m chiéu dai duong 6ng
sau thoi gian t.
My = T py. (r2 — 1), kg/m )
- Nhiét luong khéi bang truyén cho méi chit trong dng
sau thoi gian ©

Q¢ = my.qy, J/m @)
- Cong suét trung binh:
QT X-Ur
Q== (4)

- Quan h¢ gilra thoi gian va d9 day cua 16p bang:

V& Chi Chinh
_ _Mxdr 1 dx 1 dy 1
- t,ng—to ’ [21'[7\.b In dy + 2T m n dq + "le-a1] (5)
Thay vao tacé :
_mpp(frdar 1 g dy 1 dp 1
B thng~to ’ [thb In dz + 2Thm In dy + 1'rd1-ot1] (6)
co P @imre 1 de 1 dy 1
thng—to  2Mp dp 2y dy dpoy

XAy dung quan hé 3x = f(t)

Thay ry = r2 + 8x vadyx =dy + 2. 8« vao cong thirc trén
ta c6 quan hé giita 6y = f(t) nhu sau:

[(r2+85)%-13]. 1, dy+2.8 1 d 1
szb[(z %) Z]qr.[ In 2 X+_l _2+ ]
tb,ng_tO 2\p dy 2Am dq diaq
()

2.3. Gidi bai todn triv lanh
Céc thong s6 cua dan trao do6i nhiét duoc duara trén Bang
1. Can ctr vao cac thong so cu thé cua dan, nhom tac gia da
xac dinh dugc quan hé 8x = f(t) trén Bang 2 va Hinh 3.
Bing 1. Cic thong s6 dau vio

TT Théng sb Ky hiéu| Gidtri
1 |Pudng kinh ngoai éng TDN d2 28,83mm
2 |Pudng kinh trong ng TDN di 26,64mm
3 |Ban kinh ngoai éng TBN r2 14,42mm
4 |Ban kinh trong éng TDN r 13,32mm
5 |Khéi lwong riéng cua bang Pb 920 kg/m3
6 [Nhiét 4n dong bang cua nudc or | 333550 J/kg
7 |Nhiét d6 ngoai 16p bang tb,ng 0°C
Nhiét d6 bay hoi ciia méi chét o
8 R134a to -10°C
9 |Hé sb din nhiét cua bang Ao 2,236 W/m.K
10 |Hé sb din nhiét cia dng ddng Am | 380 W/m.K
11 He;;so Atf)a nhiét vé phia méi w 2500 W/m2K
chat s6i
Bdng 2. Két qua tinh todn
o, 0[5 (10|15 20 | 25 | 30 | 35| 40 | 45 | 50
mm
P;ll]t 0 |7 |25|57|102 162|236 326|432 |555|695

T, Phat

Hinh 3. Quan hé & = f(z)

Nhoém tac gia da xay dung dugc duong dac tinh quan
hé gitra chiéu day bang tao thanh véi thoi gian lam lanh
8x = f(t). P6 1a can cir dé bd tri dan éng hop 1y dé sau
thoi gian trit lanh, nuéce s€é duge dong bang trén toan bd
thé tich bé. Két qua cho thdy, sau thoi gian trit lanh
khoang 10 gid, bang s& bam day 50mm xung quanh dng.
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Nhu vy, mat d6 phan b6 6ng trong bé cach nhau khoang
100mm la dat yéu cau.

3. Qua trinh xa tai
3.1. Mo td qua trinh xd tdi va bai todn

Qua trinh x4 tai dugc thue hién nho nudc 4m tir ho tiéu
thu vé. Nhiét d6 nude dau vao la 12°C va daurala 7°C. Sau
do, nude dugc dan dén cac dan trao doi nhiét (FCU) deé trao
d061 nhiét vdi khong khi thyc hién qua trinh diéu hoa.

Nhu vy, 16p nudce tan chay nam gitra 16p bang va dng
trao d6i nhiét. Chiéu day 16p nudc tan chay tang dan va cd
theé coi 16p nudce sat bang co nhiét do 0°C.

Lép nwdce tan chay
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Hinh 4. M6 hinh xa tai
- Dong nhiét truyén tir nuéc 4m vao 16p bang bén ngoai

duong ong:

_ tn,tb_tnd
U= d T W/m (8)
20 Ndan 2t "din Tdinen

Trong do:

tt, thd — Nhiét d6 trung binh nudc 4m va nhiét do 16p
ngoai cua nudc, °C,;

An, At — Hé s6 dan nhiét cia nuée va cia kim loai 6ng
(thép), W/m.K;

0y, d2n, din — Pudng kinh ngoai ctia 16p nudc tai thoi diém
7, dudng kinh ngoai va trong ctia dng dan moi chat, m;

an- Hé sb toa nhiét vé phia nuéc 4m, W/m2.K.

- Khoi lugng bang tan trén 1 m chidu dai duong dng sau
thoi gian T.

m, = T.pp. (1% — r%,), kg/m 9)

- Nhiét luong khéi bang truyén cho méi chit trong dng
sau thoi gian t

QT = mX' qu ]/m (10)
- Cong suét trung binh:
Q="F="t (12)

T T
- Quan h¢ giira thoi gian va d6 day cua l6p bang tan:
my. 1 d d 1
S b L S P RN M- S S
tl’l,tb - tnd 21‘[7\.11 dZTl ant dnl T[dln' O(n

Thay vao ta co:

— T[-Pb-(r)z(_r%n)-qr [ dzn 1

In 4 1 n

thtb~tnd 2"7‘71 dzn 2mhy  dip  Tdipan
(12)
Pb-(%—1%n) ar dx dan
T=—"—"—0= In—= + —ln— + 13
tn,'cb_tnd [27“n dzn dl dln n] ( )

XAy dung quan hé 8x = f(t)
Thay rx = ran + 8x va dx = dan + 2. 8 vao cong thirc trén
ta c6 quan hé giita 6y = f(t) nhu sau:
T= pb.[(r2n+8x)2—r%n].qr ) [Ll dant+2.6x + 1 lndz_n +
thtb—tnd 2An dan 2kt din

(14)

n
dinon
3.2. Két qua gidi bai todn xa tdi
Céc thong sd tinh toan ctia bo trao d6i nhiét giita nude
4m va bang trong qué trinh xa tai duoc dua ra ¢ Bang 3.
Trén co s¢ cac thong sO cau trac cta dan trao d6i nhiét va
thong sb ciia cac moi chit, nhom tac gia sir dung phan mém
tinh toan va xac dinh dugc quan hé gitra chiéu day 16p bang
tan chay theo thoi gian & Bang 4 va Hinh 5.
Bing 3. Cic thong s6 dau vio

TT Thong s6 Ky hiéu Gié tri

1 |Duong kinh ngoai ng TDN d2 21mm

2  |Pudng kinh trong éng TDN di 15mm

3 |Bén kinh ngoai éng TDN r2 10,5mm

4 |Ban kinh trong éng TDN rl 7,5mm

5 |Khéi luong riéng cia bang pb 920 kg/m3
6 |Nhiét n dong bing ctia nudc ar 333550 J/kg
7 |Nhiét d6 ngoai ctia nudc tnd 0oC

8 |Nhiét d6 trung binh nudc Am t 9,50C

9 géi ?Su(;'?m nhiét ctua nude (co an 10 WIim.K
10 |Hé sb dan nhiét cta dng thép At 46,5 W/m.K
11 [HE séA toa nhiét v& phia moi w2500 Wim2.K

chat s6i

Bing 4. Két qua tinh toan
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Hinh 5. Quan hé & = f(z)

- Trén co s& két cu cua bé trit lanh nhom tac gia da xay
dung dugc mo hinh toan ql}é trinh x4 lanh. D6 1a qué trinh
tan bang bén ngoai dudng ong thép tron.

- Nhom tac gia da xay dung dugc duong dac tinh quan
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hé giita chiéu day bang tan chay v&i thoi gian xa lanh. Do
1a cin ctr dé bd tri dan 6ng hop 1y dé sau thoi gian xa lanh,
bing s& dugc tan chay trén toan bo thé tich bé. Két qua cho
thiy, sau thoi gian xa lanh khoang 3 gid, bang s& tan chay
hét day 50mm xung quanh dng

4. Két luan

Qua viéc phén tich cac giai phap tich trit lanh va tinh
toan danh gjé SO bd hi€u qua cia mot du 4n nhoém tac gia
rut ra mot soO két luan sau:

- Vé thoi gian nap tai, sau 10 gid nap tai luong bang
bam bén ngoai duong 6 ong tinh toan duoc 1a khoang 50mm
va nhu vdy can bd tri khoang cach giita cac 6ng trao ddi
nhiét cia dan trir lanh khoang 100mm 1a hop 1y.

- Tuong tu, vé phia dan xa tai thi chi can khoang 3 gio
1a da thyc hién hét viéc lam tan chay bang bén ngoai Ong
v6i doi day 50mm. Vi két qua tinh duogc c6 thé phan bo
cac duong ong xa tai thua hon so véi nap tai va khoang
cach thich hop khoang 150mm.

- Céc két qua tinh toan 1a co s dé thiét ké va bd tri cac
dan trao doi nhiét bén trong cac bé trir lanh.
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