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ABSTRACT

Exergy analysis is a powerful tool in the design, optimization and
performance evaluation of energy systems. In this paper, the author analyzes
the thermodynamics of single-stage refrigeration systems that compress the
refrigerant R22, R717, R404A, R507A, R1234yf, R134a, R600a by
parameters: Compressor ejector temperature T2 [K], volume specific
refrigeration capacity qv [kd/m?], cooling coefficient COP, exergy efficiency
COPex, cycle completion n[%], exergy loss Exqtota [KW] at condensing
temperature Ty = 315[K], evaporating temperature To = 268[K], 265[K],
258[K], 253[K], 248[K], 243[K], 238[K]. Thereby, the author found that in
the negative temperature refrigeration systems with small capacity such as
refrigerators and ice cream cabinets, the refrigerant R600a results in cooling
coefficient COP, exergy efficiency, specific volume refrigeration capacity,
cycle completion is greater than R134a and is the highest among refrigerants
in use today. In industrial refrigeration systems, refrigerant R22 has a lower
end temperature of compression than NHs, so it may not be necessary to have
an additional compressor cooling system, the COP is almost the same, loss
exergy NHjs is too large even though the exergy performance is almost the
same. In terms of environmental impact, NH; refrigerant is still the preferred
choice compared to R22.
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TOM TAT

Phan tich exergy la cong cu manh mé trong thiét ké, t6i wu hoa va danh gia
hiéu suat ctia hé thong nang lugng. Trong bai bao nay, tac gia phan tich nhiét
dong clia cac hé thong lanh mot cip nén moi chat R22, R717, R404A,
R507A, R1234yf, R134a, R600a bang cic thong sd: Nhiét do dau day may
nén T [K], ning suét lanh riéng thé tich qv [kd/m3] , hé s6 1am lanh COP,
hiéu sudt exergy COPey, d0 hoan thién chu trinh n[%], t6n that exergy Exdtotal
[KW] tai nhiét d6 ngung tu T« = 315[K], nhi¢t d¢ bay hoi To = 268[K],
265[K], 258[K], 253[K], 248[K], 243[K], 238[K]. Qua do, tac gid nhdn thay
rang trong cac hé thong lanh nhiét do 4m c6 cong suat nho nhu tu lanh, tu
kem thi méi chat R600a vi cho két qua hé s6 lam lanh COP, hiéu suét exergy,
nang suét lanh thé tich riéng, d6 hoan thién chu trinh 16n hon R134a va cao
nhét trong cac loai méi chat lanh dugc su dung hién nay. Trong cac h¢ théng
kho lanh cong nghiép thi moéi chat R22 c6 nhiét d6 cudi tim nén thap hon
NH3 dan den 6 thé khong bat budc c6 thém hé thong lam mat dau diy may
nén, hé s6 lam lanh COP gan glong nhau, ton thit exergy NHs qua 16n du
hiéu suét exergy gan g10ng nhau. Néu xét vé mt anh hudng t6i méi truong
thi moi chit lanh NH3 van 13 wu tién lua chon so voi R22.
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1. Gigi thiéu

Ngay nay viéc danh gia hiéu qua s dung nang luong trong cac hé thdng nhiét — lanh rat dugc quan
tam. An ninh nang lugong dang la van dé thoi sy mang tinh toan cau va 1a mot trong nhirng mdi quan
tam hang dau cua tat ca cac nudc trén thé giéi. Theo thong ké cta Lién Hop Qubc, Nganh Xay dung
trén thé gi6i tiéu thu 17% lugng nude ngot, 25% luong go khai thac, cac cong trinh xay dung sir dung
30-40% nang lugng trong tong nang lugng str dung, str dung 40-50% nguyén vt liu tho, chiém 33%
tong luong phat thai CO2 toan thé gisi. Do vdy can phai c6 phuong phép, cong cu danh gia hidu qua sir
dung ning luong clia cac cong trinh ddn dung nham muc tiéu giam mirc tidu thu nang lugng va phat thai
khi nha kinh [1].

Xu huéng can kiét tai nguyén va tan pha moi truong hién nay lam ting cau hoi vé viée sir dung hiéu
qua ning luong. Phan tich dj ing 1a can thiét néu chung ta nghiém tic trong nd luc cta chung ta vé viée
phan phdi cong bing hon cac ngudn tai nguyén trén thé giGi va ciia moi quan tim cia ching ta d6i véi
céc thé hé tuong lai [2].

Phuong phap danh gia hiu qua cua h¢ thdng san xuat nudc nong ding bo thu niang luong mat troi
(NLMT) két hop véi bom nhiét (Iip dat tai khach san Thé gii xanh, TP Nha Trang) duya trén cic sb
liéu hoat dong cua hé thong. Trén co s phan tich hoat dong cua hé théng di xac dinh duoc cac dai
luong can do va xay dung dugc mot hé thong do, thu thap so liéu ty dong. Thong qua cac s6 liéu thu
thap dugc, cac chi tiéu déc trung cho hi€u qua sir dung cta hé théng nhu: mirc d6 tiéu thu niang lugng,
phan b ning luong, kha nang tiét kiém nang lugng, mirc do giam phat thai CO2... da duge xac dinh.
Day 1a co sé dé phat trién va toi wu hoa cac hé théng san xudt nude nong tuong tu trong twong lai [3].

Trong cong tac thiét ké va danh gia nang luong trong hé thong diéu hoa khong khi viée danh gié tiéu
thu dién 1a rat can thiét vi chi phi van hanh hang ning ciia hé thong didu hoa khong khi chiém khoang
40 - 50% tiéu thu dién nang cua toa nha. Tuy nhién phuong phap danh gia hi¢u qua nang lugng, cac
bude kiém tra, phan tich hé thong, thiét bi trong hé thong diéu hoa khong khi chua dugc dwa ra mot cach
cu thé. Ngoai ra viéc tinh toan, danh gid mot cach chinh xac tiéu thu dién cua hé théng diéu hoa khong
khi chua duoc hiéu rd va chua xem xét dén ché do hoat dong cua h¢ théng trong nam [4].

Viéc lya chon mdi chat can tuan thu tinh kinh té, hiéu qua nang lugng la rat quan trong. Trong bai
bao nay, tac gia phan tich nhiét dong cua céc loai gas bang 1 dugc st dung trong cac tu lanh, ti mat, ti
kem va trong cac kho lanh sir dung hién nay bang viéc két hop sir dung phan mém EES (Engineering
Equation Solver).

Bang 1. Bdng thong s6 vt Iy ciia cdc logi gas dwoc phdn tich trong nghién ciru [5].

Théng s6 R22 R134a | R717 R404A R507 R600a | R1234yf
Cone thite hé 44% R12; 52% 50%
0 ghogc 93 |CHCIF, | CH.FCFs | NHs | R143a; 4%R134a |R12550%R143a| CyHi, | CH,=CFCFs
0 (theo khoi lugng) |(theo khéi luong)
Phan tir lugng | 86.47 102.03 17 97,6 08,8 58,12 114.04
Nhiét o soi &
ap sudtkhi | -40.8 261 | -333 46,45 46,7 11,7 -29.45
quyén, °C
Nhietdo i | g65 | 1011 | 1323 72,07 70,9 13471 | 1047
han, °C
Ap S“&t;‘; han.| 4 99 406 | 1134 373 379 3.64 338
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Nhomantoan | Al Al B2 Al Al A3 A2L
Thoi gian ton
tai trong khi 11,8 13,6 0 0 0 20 7-8 ngay
quyén, ndm

Tiém ning lam
suy giam tang | 0.034 0.000 0 0 0 0 0.000
ozone ODP

Tiém ning lam
nong dia cau
GWP (100
nam)

1900 1300 <1 4540 3900 20 4

2. Phuong phap nghién ciru
2.1. So’ d6 nguyén Iy va do thi \gp - h chu trinh 1 cdp nén

1
- Eok/ &7
‘ 3
| 2' Atq|
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Hinh 1. So do nguyén Iy — do thi Igp-h.

Qué trinh tir 1 dén 2: Nén doan nhiét ding entropy tir trang thai 1 & hoi qua nhiét c6 ap suat, nhiét
d6 thap dén trang thai 2 hoi qua nhiét 4p sudt va nhiét do cao. Qua trinh tir 1” dén 1: qua nhiét. Qué trinh
tir 2 dén 3°: Ngung tu dang ap tir trang thai 2 hoi qua nhiét c6 ap suét, nhiét d6 cao dén trang thai 3’ long
& &p suét va nhiét cao cao . Qua trinh tir 3’ dén 3: qua lanh. Qua trinh tir 3 dén 4: Tiét luu ding enthalpy
tir trang thai 3 1ong & ap suét va nhiét d6 cao dén hoi bdo hoa 4m 4 & ap suét va nhiét d6 thap. Qua trinh
tir 4 dén 1°: Bay hoi déng ap tir trang thai 4 4p suét va nhiét d6 thip dén trang thai 1’ hoi bdo hoa kho &
ap suat va nhiét do th?ip.

2.2. Phan tich ning lwong exergy trong chu trinh 1 cdp nén

‘D¢ tién hanh thyc hién phan tich, tic gia ding phin mém EES dé phan tich va gia dinh b6 qua ton
that &p suat trong duong ong, hoat dong cta cac thiét bi trong h¢ thong hoat dong 6n dinh theo bang 2.

Béng 2. Bang gid tri dé thiee hién phdn tich.

Théng s6 Ky hiéu Gia tri

Hiéu suit ding entropy cta may nén [%] MNiso 80
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Day nhiét do bay hoi, [K] To 268 dén 238
Nhiét d6 ngung tu, [K] Tk 315
Nhiét d¢ moi truong, [K] Ta 305

Ap suat moi truong, [at] Pa 1

Do qua lanh, [K] Atql 7

Do qua nhiét, [K] Atgn 10
Luu lwong mdi chét tudn hoan, [kg/s] m 0,05

Mot chu trinh lam lanh nén hoi thyc té khac v6i chu trinh 1y tudng vi tinh khong thudn nghich xay
ra trong cac thanh phan khac nhau, ching han nhu chét 16ng ma sat (lam giam ap suét) va truyén nhiét
tur moi trudng xung quanh. Cac muc dich cua phan tich di ung la dé xac dinh sy pha huy di ing trong
mdi thanh phan cua hé thong va dé xac dinh hiéu qua sir dung ctia toan b hé théng. Di timg sy pha huy
trong mot thanh phan c6 thé duoc danh gia dwa trén su tao entropy va mot phuong trinh cin bang exergy

sir dung [6], [7]:
EXy= TS,

Ta: Nhiét d6 moi trudng xung quanh [K]

- Tai thiét bi bay hoi

Phuong trinh cAn bang ning luong:

Q,=m.(h;-h,)

Phuong trinh c4n bang exergy:

m4eX4 + Exevap = mleX1+ EXd,evap

Ta
EXevap: Q, [?0- 1}

EXyevep = m(ex,- ex, )+Q, % 1
0

T
EXd,evap =m |:(h4- hl)-Ta (54- S )] + QO (?a - J
0
m: luu lugng moi chat tudn hoan qua may nén [kg/s]
h: enthalpy [kJ/kg]
ex: exergy riéng tai timg diém nit [kJ/kg]
s: entropy riéng tai timg diém [kJ/kg.K]
Qo: Cong suét lanh [kW]
- Tai may nén:

Moo . Hiéu suat dang entropy may nén
Phuong trinh can bang néng luong:

Wcomp = m(hZ_ hl)
n — VVin — h2$_ hl
o Wcomp h2_ hl

Phuong trinh can bang exergy:
m,ex;+ W, =m,ex,+ Exdcomp

EXgomp= M| (-0, )-T, (5,5, ) |+W,

()

)

3)
(4)

()

(6)

(")
(8)

(9)
(10)
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EXgeomp= M| (-0, )-T, (5,75, ) |+m(h,- h,) (12)
- Tai thiét bi ngung‘tu.
Phuong trinh can bang nang lugng:
Qk:m-(hz'hs) (13)
Phuong trinh can bang exergy:
mZeX2: mseX3+EXcond + Exd,cond (14)
T,
Xcond = Qk [1' ?k] (15)
EXd,cond =m (exz - €X; ) - Excond (16)
Ta
Exd,cond= m|:(h2_ hS)_Ta (32' S5 )]' Qk (1' T_j (17)
k

- Tai van tiét luu:
Phuong trinh can bang nang luong:

mh3 = mh4 .
Phuong trinh can bang exergy:
M,eX;= M,eX, + EX exen (18)
EX g oxpen = M(EX5- X, ) =m[ (hy-h,)-T, (s;-5,) |= MT, (s,-s,) (19)
Téng exergy pha huy ciia chu trinh:
EXd,to’taI = EXd,evap + EXd,comp + EXd,cond + EXd,expan (20)
H¢ s6 lam lanh COP:
COP = Q- (21)

comp
Hé s6 1am lanh chu trinh Carnot:

T,

COPcamot = T_OTO (22)
Hiéu suit exergy COPey:

Ex R (1_'} 1}
COP = 2 = 2 (23)

Wcomp Wcomp
Ma COP = Qo nén W, = o

comp COP
D6 hoan thién chu trinh:
T T
_a_ a_1
e o ¥ (To j > (To j __Cop _ cop (24)
Wcomp Wcomp QO TO/ (Tk _TO) COPcarnot
CoP

3. Két qua va ban ludn
Hinh 2 so sanh nhiét do dau day khi nhi€t d ngung tu Ty = 315 [K] ¢ cac nhiét d6 bay hoi khac nhau.
Két qua cho thiy rang mdi chét lanh R717 c6 nhiét do cudi tim nén cao nhit, R600a va R1234yf cé

nhiét cudi tim nén gin giéng nhau va thdp nhat. R717 c6 nhiét d6 cudi tim nén qua cao c6 thé dan dén
de bi lao hoa dau nén can phai dugc lam mat dau day may nén.
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600
500

400 mR22

uR717

= RA04A
u R507A
u R1234yf
= R134a

= R600a

Nhiét d6 bay hoi To[K]

Nhiét d6 T,[K]
= N w
8 8 8

o

Hinh 2. Anh huéng ciia nhiét @6 bay hoi To dén nhiét d dau ddy T» may nén.

Quan sat két qua hinh 3 tac gia thay rang nang suét lanh riéng thé tich qy [kJ/m3] cua R600a 1a 16n
nhat, moi chat R22 1a nho nhét. Dleu nay két luan rang: may nén dung cho méi chit R600a nho gon hon
cac moi chét khac. Diéu nay thi rt can thiét d6i v6i cac hé théng lanh 16n, dic biét 1a cac kho lanh vi
no6 s€ lam giam kich thude cia may nén. Tuy nhién, cac tu lanh, ti mat, ti kem thi khong can thiét vi c6
cong suat nho, viéc ché tao may nén cang nho hon thi phai doi hoi cong nghé gia cong phirc tap hon.

« 18000

= 16000

%0 — 14000

& E 12000 —e—R600a
.E' '—'S 8000 =0 R1234yf
<= _g 6000 —8—R507A

7 © 4000 —0—R404A
)%0 2000 \ o ———3 =@ R717
Z 0 —0—R22

268 265 258 253 248 243 238
Nhiét do bay hoi T,[K]

Hinh 3. Anh hwéng ciia nhiét @6 bay hoi To dén ndng sudt lanh riéng thé tich qy

Hé s6 lam lanh COP 1a thong s6 nham danh gia hiéu qua lam lanh cia hé théng lanh, sy phu hop cua
mdi chit lanh ding trong hé thong. Hinh 4 1a két qua so sanh COP ciia cac loai moi chat lanh tai nhiét
do ngung tu Tk=315 [K] 6 cac nhiét dg bay hoi khac nhau, qua do thdy rang COP cua R134a va R600a
gan gidng nhau, COP ciia R717 1a lon nhét. Vay thi trong hé thong kho lanh wu tién ding méi chat NHs,
trong cac hé thng lanh c6 cong suat nhé nhu ta lanh, ti mat, ti kem ding moi chat R134a va R600a.
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4
&35
2 3 mR22
2,5
‘g- ! mR717
g 2 = RA04A
'Vg 1’5 m R507A
\(o 1
A = R1234yf
20,5
m y " R134a
0 m R600a
268 265 243 238

Nhiét d9 bay hoi T,[K]

Hinh 4. Anh hwéng ciia nhiét dg bay hoi To dén hiéu qua lam lanh COP.

Cung giong nhur danh gia hiéu qua lam lanh cua chu trinh bang hé s6 1am lanh COP thi danh gia hiéu
suét exergy cua chu trinh cling tuong ty nhu vdy. Hinh 5 hién thi két qua so sanh hiéu suit exergy cua
cic moi chét lanh tai nhiét do ngung tu Tk [K] & cac nhiét d bay hoi khac nhau, qua d6 hi€u suét exergy
ctia mdi chat R600a 1a cao nhat, R404A cho hiéu sut exergy 1a thip nhat.

0,7
x
2506
8 0,5
— ! mR22
%” 0,4 = R717
% 03 = RA04A
=1 = R507A
Z 0,2 = R1234yf
5@. = R134a
T 01 = R600a
0
268 265 243 238

Nhiét do bay hoi T,[K]

Hinh 5. Anh huwéng ciia nhiét d bay hoi To dén hiéu sudt exergy COPex

O day tac gia nhan thy d6 hoan thién chu trinh cia R600a, NH3, R22 13 gan gidng nhau thé hién qua
hinh 6. Vay trong thuc té cac kho lanh ding mdi chat R22 va NHs 1a rat phut hop, con trong céc hé thong
lanh cong suat nho nhu ti lanh, ti mat, ti kem dung R600a 1a phtt hop nhat vi ¢6 d6 hoan thién chu trinh
cao nhat trong cac mdi chat khac dang xét va cao hon ciia R134a trong khoang 0 + 1%.
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45
=)
S 4
=
,g 3,5
= 3 =@ R600a
= \
225 e — T Riséa
: 2 — I ° —o—R1234yf
%" 15 —=0—R507A
= ’1 —_—— e — . RA04A
s —e—R717
Sos ® o— —— P — —————g
o —8—R22
A 0

268 265 258 253 248 243 238
Nhiét d9 bay hoi T,[K]

Hinh 6. Anh huong ciia nhiét dg bay hoi To dén do hoan thién chu trinh n [%]

Két qua ton that exergy Exdotal [kW] thé hién qua hinh 7. Ddi v6i moi chat dung trong hé thong lanh
cong nghiép cong suét 16n thi NHs c6 ton that exergy 1a 16n nhat, trong cac hé théng lanh cong suat nho
thi R600a c6 ton that exergy 16n nhat nhung khong qua 16n nhu NHa.

14
o>13 12
5= 10 " R22
5 g = R717
- T
<§ g 6 RA04A
s = R507A
“ﬁ L 5 m R1234yf
0 lllllllllllllllll“ll“ll“l R134a
= R600a

Nhiét do bay hoi T,[K]

Hinh 7. Anh huéng ciia nhiét @6 bay hoi To dén ton thdt exergy.
4. Két luan

Qua céac két qua nghién ctru phan tich vé& nhiét dong trén, ¢ thé thiy ring moi chét lanh phi hop
duoc st dung trong cac hé théng lanh dan dung nhu ta lanh, ti mat, ti kem la R600a chiém vu thé hién
nay vi cho két qua hé s6 1am lanh COP, hiéu suét exergy, nang suit lanh thé tich riéng, d6 hoan thi¢n
chu trinh 16n hon R134a va cao nhét trong cac loai méi chét lanh dugc sy dung hién nay.

Trong cac hé thong kho lanh cong nghiép cong suit 16n thi vé& mat phan tich nhiét dong nhu trén thi
mdi chat R22 ¢6 nhiét do cudi tim nén thap hon NHz dan dén co thé khong bét budc co thém hé thong
lam mat dau day may nén, hé s6 lam lanh COP gan gidng nhau, ton thit exergy NH3 qua 16n du hiéu
sudt exergy gan gidng nhau. Néu xét vé mét anh hudng téi moi truong thi moi chat lanh NH; vén 13 wu
tién lya chon so vai R22.

Loi cam on
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Xin tran trong cam on truong Cao ding K nghé IT da hd tro tac gia trong sudt qua trinh thyc hién
nghién ctru nay.
Xung dot lgi ich
Tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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