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Tém tit

Trong bai bdo nay, phuwong phap exergy dwoc sur
dung dé phan tich dac tinh nhiét dong luc hoc cua
hé théng may lanh nén hoi mét cdp. Mot bo thong
$6 ddnh gid tac ddng méi trwong, bao gom hé so
tac ddng méi trweong va chi s6 phd hiry méi trieong,
dwoc xac dinh truc tié}) tir lwong tiéu thu exergy
va hiéu sudt exergy. Bén canh dé, phiong phdp
phan tich tham $6 dwoc thue hién dé khdo sdt anh
huwong cua nhiét do ngung tu, nhiét do hoa hoi
ciing nhu mure do qua nhiét trudc may nén cua hoi
cong chat lanh dén chi tiéu lam viéc-méi truong
ciia hé thong.

Tw khoa: Exergy, tac dén’g moi truong, may lanh
nén hoi, tiéu thu, hiéu suat exergy.

Abstract

In this article, exergy method has been utilized to
determine thermodynamical characteristics of
simple vapor-compression refrigerators. A set of
parameters, including environmental impact
factor and environmental impact index were
introduced directly from the amount of destroyed
efficiency. Additionally,
parameter analysis has also been applied to

exergy and exergy

examine the effect of evaporation, condensation,
and superheated temperature of refrigerant on the
exergoenvironmental indices.

Keywords: Exergy, environmental effect, vapor-
compression refrigerators, consumption, exergy
efficiency.

1. Téng quan

Hé théng 1am lanh va diéu hoa khong khi dong vai
trd quan trong trong doi sdng va trong san xuét, nhur
bao quan thyc phdm, chim soc sic khoe, diéu hoa
khong khi va nhiéu hoat dong cong nghiép khac. Cac
hé théng nay st dung CFC va HCFC lam cong chat
lanh do cac dic tinh vuot trdi cia chung vé do 6n dinh
va hiéu qua ning luong cao. Tuy nhién, cac chit nay c6

tinh doc hai cao, dé chay nd, khi giai phong ra khi
quyén s& gbp phan lam suy giam tang 6-z6n va gy ra
hién tugng néng 1én toan cau [1]. Do d6, van dé khai
thac hi€u qua, giam thiéu tac dong tiéu cuc cua cac hé
théng lam lanh hién c6, tim kiém cac chit lam lanh than
thién véi moi truong va phat trién cic cong nghé lam
lanh mdi 14 nhitng thach thurc ddi voi xa hoi loai nguoi
& thé ky 21.

Bhatti va cong su [1] trinh bay phuong phap lya
chon cong chét lanh theo chi tiéu phat trién bén viing.
Theo d6, sir dung cac chat 1am lanh ¢6 ngudn gdc tu
nhién than thién véi moi trudng nhu A-mé-ni-ic, cac-
bon di-6-xit, hy-dro-cac-bon, co thé giam dang ké khi
nha kinh. Kulkarni va cong sy [2] két luan rang sir dung
hén hop hy-dré-cac-bon tir nhién, hdn hop cac chit lam
lanh khac nhau, hdn hop hat na-nd véi chét 1am lanh co
ban c6 thé ting cuong hiéu qua truyén nhiét, cai thién
hiéu suat ciia hé thong ciing nhu giam thiéu tic dong
gdp phan gay ra hién twong néng 1én toan cau.

Exergy la mot thong s nhiét dong, phan anh “chat
luong” cua dong nang luong. Phan tich exergy cho
phép xac dinh nguyén nhan, vi tri va muc dd kém hi¢u
qué cua chu trinh, thiét bi. Cho dén nay, ngay cang co
nhiéu céng trinh nghién ctru dugc cong bd vé tng
dung phuong phap exergy nham tdi uu hoa, danh gia
hiéu qua hoat dong, tinh kinh té, tic dong méi trudng
va tinh bén viing cta hé thong nang lugng [3]. Trong
[4], Paula cing dong nghiép van dung phwong phép
exergy vao phan tich tic dong méi truong va thiét ké
t6i wu hé théng may lanh nén hoi mét cdp (SVCR) sir
dung R290, R1234yf va R744 1am c6ng chét lanh thay
thé cho R134a. Dincer va cong su [5], dé xuit td hop
gém 6 thong s6, bao gém hé sb tac dong, hé s6 hiéu
qua tac dong, chi s6 pha huy, hé s6 cai tién, hé sb va
chi s6 bén vimg dung dé danh gia tic dong méi truong
ctia hé théng may lanh hép thu. Tt ca cac thong s tac
dong moi truong déu duoc xac dinh truc tiép tir két
qua phan tich exergy cua hé théng. Alihosseini va
cong su [6] phan tich tinh kinh té, méi truong va tdi
uu hé thong 1am lanh gia dung 2 cap song song bang
phuong phap exergy.
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H¢ théng lam lanh SVCR dugc st dung rong rai
nhét, dap img duoc nhu ciu lam lanh co ban nhu didu
hoa nhiét do, bao quan thyc pham,... [7]. So dd cu
tao ciia mot hé théng SVCR dugc trinh bay nhu trén
Hinh 1. Hé thong gdm 4 thanh phéan cau tao co ban,
lan Iuot 1a may nén, dan ngung, van tiét luu va dan
bay hoi.

@u |1,
H
4
W~
2 A Mayné
Dan ngung 4y nen
Van tiét luu F
W,
4 Dan bay hoi ¢
A
Q. |

Hinh 1. So dé h¢ thong SVCR
Chu trinh nhiét dong 1y twong cua hé théng SVCR
trén do thi 7-s dugc bicu dién nhu trén Hinh 2, gobm 4
qué trinh co ban sau [7]:
1-2: Nén doan nhiét trong may nén;
2-3: Nha nhiét dang ap trong dan ngung;
3-4: Tiét lvu doan nhiét qua van tiét luu;

4-1: Hép thy nhiét dang ap trong dan bay hoi.

P, (kPa)

T(K)
’/000

P, (kPa)

L

s (kJ/kg-K)

Hinh 2. Chu trinh nhiét dong ciia hé thﬁ'ng SVCR
trén do thi T-s

Céc thong sd cong tic co ban cua chu trinh may
lanh SVCR, duoc trinh bay nhu trén Hinh 2, bao gdm
[7]: Nhiét d6 ngudn lanh, TL (K); Nhiét d6 ngudn
néng, TH (K); Cong suat lam lanh, QL (kW); Téc do
nha nhiét ra moi truong, QH (kW) va Céng suit dan
dong may nén, WC (kW).

Nguyén 1y 1am viéc cia hé théng dugc trinh bay
trong cac gido trinh Nhiét dong k¥ thuat nén s€ khong
duoc trinh bay chi tiét. Bai bio tap trung vao timg dung

Ky thuat va Cong nghé Hang hai

phuong phap exergy vao phan tich déac tinh nhiét dong
lyc hoc, 1am co s& danh gia hi¢u qua hoat dong va tac
dong moi trueong cua hé thong SVCR.
2. Xay dung mé6 hinh toan hgc
2.1. Gid thiét

Mo hinh tinh duoc thiét 1ap dya trén nhiing gia
thiet sau [6]:

- Hé lam viéc binh 6n;

- Nhiét d6 va ap sudt moi truong lan luot Ia
Ty=300K va Py=101.325kPa;

- Bo qua ton that ma sat trong hé thong;

- B6 qua trao d6i nhiét trén duong 6ng dan va van
tiét luu;

- Khong ¢o su do ri cong chit lanh tir hé thong ra
moi truong;

- B6 qua exergy dong ning va thé ning cia dong
cong chat lanh;

- Khéng c6 twong tac hoa hoc trong hé théng.
2.2. Phan tich exergy

Phan tich exergy duoc thuc hién cho timg phan tir
céu thanh va cho toan bo hé théng. Két qua phén tich
exergy dugc sir dung dé danh gia tac dong moi trudng
ctia h¢ théng may lanh.

Phuong trinh can bang exergy tong quat ap dung
cho hé théng may lanh, 1am viéc & ché do binh 6n c6
thé viét nhu sau [4-7]:

Ex, = Ex® —Ex" + Ex" —Ex/! )

out
Trong d6: Exp la tdc do tiéu thu exergy cua hé

théng; Ex?, Ex", Ex[! va Ex!., 1an luot 1a tbc

dd truyén exergy cua cac dong nhiét, dong cong va
dong cong chét lanh.

Téc do truyén exergy ciia dong cong chat lanh, xac
dinh theo cong thirc (2) [4-7]:

Ex" =m[h—h,—T,(s-5,)] 2)

Trong d6: m (kg/s) 1a luu lugng khéi lugng ciia
dong chay; 4 (kJ/kg) va s (kJ/kg-K) 1a en-tan-pi ri€ng
va en-trd-pi riéng cua cong chét lanh; Ao (kJ/kg) va so
(kJ/kg-K) 1a en-tan-pi riéng va en-tro6-pi riéng cua
cong chét lanh ¢ diéu kién nhiét do va ap suit moi
truong;

Téc d6 truyén exergy cua dong nhiét duoc tinh
theo cong thuc (3) [4-7]:
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. . T
Ex?=Q|1-=2 3
L) o
Trong d6: O (kW) 1a toc dd truyén nhiét & nhiét
d6 T (K).
Téc d6 truyén exergy cia dong cong tinh theo
cong thuc (4) [4-7]:

Ex" =W @)
Phuong trinh can bang exergy cia may nén:
EXD,ccmp :Wcomp + Exlfl - Exzfl (5)

Trong d6: Weomp (kW) 13 cong suét cung cép cho
may nén, xac dinh theo cong thuc (6) [4-7]:

Wcomp =m (hz - hl) (6)
Phuong trinh can bang exergy cua dan ngung [4-7]:
E.XD,cond = EXZfI - E‘X?)ﬂ - E‘XSJnd (7)

Trong d6: Ex2 ., (kW) la tdc do thai exergy ra

mdi truong, xac dinh theo cong thire (8) [4-7]:

EXcQond :m(hz_hS)El_ it ] ®

cond
Phuong trinh cin bing exergy cuia van tiét luu [4-7]:

BXo = BX5' —BX] ©)

Phuong trinh cin bang exergy cua may dan bay
hoi [4-7]:

EXoea = EXQa +EX/ —EX"  (10)

Trong d6: E erva (kW) 1a tdc d6 hap thy exergy

tir khong gian can lam lanh, xac dinh theo cong thirc

(11) [4-7]:

Bxga =m(h, —hA)[l—TT—"j (n

Tdc d6 tiéu thy exergy ciia hé thong [4-7]:

E.XD = E.XD,(:omp + E.XD,cond + EXD,V3| + EXD,eva (12)

Hiéu sut exergy ctia hé thong [4-7]:
Ex
My =10 (13)

comp

2.3. Phdn tich tac dpng maoi truwong

Murc d¢ tdc dong moi trudng phan anh tinh hoan

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

thién cta chu trinh, thiét bi c6 mat trong h¢ théng. Cac
thong sé danh gia bao gom:

Hé s6 tac dong méi trudng, dugce dinh nghia 1a ty
sO gitra tong luong ton that exergy va tong luong
exergy cung cdp cho hé thng, xac dinh theo cong
thace (14) [3, 51

P
el Z EXIn

Chi s6 pha huy méi truong, duogce xac dinh boi ty
s6 giira hé s tac dong moi truong va hidu suit exergy
ctia hé thdng, tinh theo cong thirc (15) [5]:

(14)

6, =— (15)

3. Két qua va thao luin

Mot chuong trinh may tinh dugc nhém tac gia phat
trién, trén nén tang phﬁn mém EES, dé tu dong tra cac
thong sé nhiét dong cua cong chit lanh va giai mo
hinh toan véi cac phuong trinh tir (1) dén (15). Nghién
ctru dugce thuc hién trén hé théng may lanh véi cac
thong s co ban dugc trinh bay trong Bang 1 [7].

Bing 1. Tham sé céng tic ciia hé théng khéo sdt

Tham s6 Giatri Don vi

Cong chét lanh, R134a - -
Nhiét d6 hoa hoi, T, -13 °C
Nhiét d moi truong, To 27 °C
Do qua nhiét trudc may nén, AT 6.4 °C
Nhiét d6 ngung tu tai dan ngung, Ty 39.4 °C
Ap suét hoi truéc may nén, P, 100 kPa
Hiéu suét doan nhiét cia may nén, #c 0.85 -
Luu lugng khéi lugng cong chét, i 0.05 kg/s

3.1. D¢ tin cdy cua chwong trinh tinh

Bing 2. Két qud phan tich exergy ciia h¢ théng

Gia tri .
. Pon . Sai s0
Tham so Tinh thi cong  Tinh bang
vi (%)
[7] EES

Expeomp kW 0.3945 0.3936 0.23
Expeona kW 0.4314 0.4271 1.00
Exppa kW 0.6726 0.6702 0.36
Expepa kW 0.4037 0.4049 0.30
Exp kW 1.902 1.896 0.32
Weomp kW 2919 2914 0.17
Ex%, kW 1.017 1.018 0.10
Nex - 0.348 0.3494 0.40
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Bang 2 so sanh két qua phan tich exergy, bang
chuong trinh EES va tinh toan thu cong, ddi v6i hé
théng SVCR, hoat dong véi cac thong sb cho trong
Bang 1. Sai sd tinh toan gitta hai phuong phap khong
vuot qui 1%. Nhu vay, chuong trinh tinh bang EES
dam bao d tin cdy can thiét. Do d0, c6 thé dung dé
khao st tac dong moi trudng ctia hé thdng may lanh
nén hoi 1 cép véi cac tham sb hoat dong khac nhau.
3.2. Danh gia tac dong moi truong ciia chu
trinh mdy lanh nén hoi mgt cdp

Hé sb tac dong moi trudng, tinh theo cong thirc
(14):

Ex, 1.896

f= = o L8P 46006 (14)
> EX, W, 2914

Chi s6 pha hiy méi truong, tinh theo cong thic
(15):
f; _ 0.6506

el

® p, 0.3494

=1.862.  (15)

V6i £:=0,6506, nghia 1a dén 65% tong lugng
exergy cung cip bi tiéu huty nham thay doi trang thai
cuia cong chat khi luu dong qua cac thanh phan thiét
bi. Chi s6 pha huy méi truong 6 phan anh do 16n
turong d6i cua phan ning luong ton thit so véi phan
nang lugng hiru ich. Chi s§ 0. cang 16n, mic d6 pha
hily méi trudng cang manh. Dbi voi hé thong may
lanh khao sat, 6.=1,862, chi phi ning luong dé van

hanh gap gan hai 1an hiéu qua lam lanh c6 thé dat duoc.

Hg thong khong nhitng lam viéc kém hi¢u qua ma con
¢6 tac dong tiéu cuc dén moi trudong.

3.3. Anh hwéng ciia nhi¢t dp héa hoi TL

Hinh 3 trinh bay két qua khao sit exergy-moi
truong, cua hé théng SVCR, d6i véi su thay ddi nhiét
d6 hoda hoi cua cong chét lanh. Khi tang nhiét do hoa
hoi tir 258K (-15°C) 1én 267K (-6°C), mirc tiéu thu
exergy tang 14,1%, tir 1,84kW lén 2,1kW; cong suét
lam lanh c6 ich giam 24%, tur 1,08kW xuéng 0,82kW.
Két qua 13, hiéu suat exergy giam 24.1%, tir 0,37 xudng
0,28; hé sb tac dong va pha hily méi truong ting twong
ung 1a 14,1% (tir 0,63 1én 0,72) va 50,3% (tr 1,71 1én
2,56). Tang nhiét dd hoa hoi ciia cong chat lanh dan dén
giam hi€u qua lam lanh cua hé théng, lam tang lugng
exergy tiéu thy & dan bay hoi. Két qua 1a tong mirc tiéu
thu exergy tang 1én, hiéu sudt exergy giam, hé s tac
ddng va chi sb pha huy méi truong ting.

3.4. Anh hwéng ciia nhigt dp ngung tu TH

Anh huéng cua nhiét ¢ ngung tu TH, cia cong

Ky thuat va Cong nghé Hang hai

chat lanh dén cac thong s6 exergy-mdi trudng ciia hé
thong SVCR, dugc trinh bay nhu trén Hinh 4. Tang
nhiét d6 ngung tu cta cong chét lanh tir 304K (31°C)
1én 313K (40°C), cong dan dong can cung cap cho hé
théng tang 12,7%, tu 2,61kW 1én 2,94kW; muc ti€u
thy exergy ting 28,95%, tir 1,49kW lén 1.92kW; cong
sudt lam lanh c6 ich giam 9,16%, tr 1,1kW xuéng
1,0kW. Do d6, hiéu suit exergy giam 19,4%, tir 0,43
xudng 0,34; hé sb tac dong va pha huy méi trudng
tang tuong ung 1a 14,5% (tir 0,57 1én 0,66) va 41,9%
(tir 1,34 1én 1,90). Nhiét d6 ngung tu cta cong chat
lanh cang cao, yéu cau vé cong dan dong cung cap cho
hé thdng cang 16n, tong muc tidu thy exergy ting 1én
lam giam hiéu suét, gia ting mic d6 pha huy moi
truong cua hé thong.

4

kXS

3L

Théng sb dinh gid
~
- in

in

&
in

258 259 260 261 262 263 264 265 266 267
Nhigt 4§ héa hoi, T, (K)

Hinh 3. Sw thay déi ciia cdc thong sé exergy-moi
truwong theo nhiét dp héa hoi ciia cong chit lanh

i, B
P

38 0,

CmFe, D

Théng sb dinh gid
-

304 305 306 307 308 309 3 n 312 313
Nhiét d ngung ty, Ty (K)

Hinh 4. Sw thay doi ciia cdc thong so exergy-méi
trwong theo nhiét dp ngung tu ciia cong chit lanh
3.5. Anh hwéng d¢ qud nhiét ciia hoi cong chit

lanh trwoc mdy nén ATsh

Anh huéng cua do qua nhiét hoi cong chét lanh
trudc may nén ATsh dén cac thong sb exergy-moi
truong dugc thé hién trén Hinh 5. Khi tang d6 qua
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nhiét cuia hoi cong chét lanh trude may nén tir 1K 1én
10K, cong dan dong can cung cip cho hé thng ting
4,4%, tu 2,84kW Ién 2,96kW; muc ti€u thu exergy
tang 3,89%, tu 1,85kW 1én 1,92kW; exergy c6 ich
tang 5,55%, tir 0,98kW lén 1,04kW; higu suét exergy
tang nhe 1,1%, tir 0,34 1én 0,35; hé s6 tac dong va pha
hay moéi truong giam nhe, lan luot 1a 0,58% (tir 0,65
xubng 0,64) va 1,65% (tir 1,88 xudng 1,85). Khi ting
dd qua nhiét cia hoi cong chét trude may nén, hiéu
qua 1am lanh ting nhanh hon chi phi exergy can thiét
dé van hanh hé thong. Do d6, hiéu suat hé¢ thong ting,
murc d§ pha hiy méi trudong giam.

4

Y, B

35| e,
[ PR

3t

Théng sé danh gia
h ow D

0.

n

=

1 2 3 4 5 6 7 8 9 10
Dé qua nhigt, A’l"h (K)
Hinh 5. Sw thay doi ciia cdc thong so exergy-maoi

truwong theo dé qud nhiét ciia cong chit lanh trude
5. Két luan

Bai bao trinh bay mét phuong phap danh gia tac
dong moi truong, dua trén két qua phan tich exergy
ciia hé théng SVCR. Anh huong cia céc thong sb
cong tac, nhiét do hoa hoi, nhiét do ngung tu va do
qua nhiét truéc may nén cua cong chat lanh, dén cac
thong $6 cOng tac-moi truong cua hé théng duoc thuc
hién bang phan tich tham sb. Tang nhiét d6 hoa hoi
hodc tang nhiét 6 ngung tu cia cong chét lanh s& 1am
mirc d6 pha hay moi truong cia hé théng trd nén
nghiém trong hon. Nguoc lai, co thé han ché tac dong
tiéu cuc dén moi truong bang viée gia ting muc do
qua nhiét cta hoi cong chit lanh truéec may nén. Co
thé sir dung phuong phap trong bai bao dé danh gia

tac dong moi truong cua cac hé thong nang luong khac.
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