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Nghién ciru xac dinh ap suat téi han dua trén cau truc phan tir
Estimation of the Critical Pressure Based on the Molecular Structure
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Tom tat

Bai béo trinh bay két qud nghién ctru xac dinh 4p suét t6i han ctia méi chét trong chu trinh nhiét déng dwa
trén cau triic phan ti. Trén co sé phuong phap Joback, lwu db thuét todn da duoc xay dung nhdm xéc dinh
ap suét t6i han theo phurong phap Joback. Bai bao nay ciing trinh bay lwu db thuat toan va phuong phép
xac dinh 4p xuét t6i han theo phuong phap Joback cai tién. Két qua nghién ctwu, tinh todn 4p suét t6i han
clia HFO-1234yf, HFO-1234ze(E) va HFO-1243zf cho thdy phuong phép Joback cai tién cho két qué chinh
xac hon so voi phwong phap Joback truyén théng. Tir d6, phuong phap Joback cal tién ciing da duoc st
dung dé xac dinh &p suat t6i han cho 9 Hydrofluoroolefins (HFOs) hién chua c6 sé liéu thuc nghiém duoc
céng bd la R1225yc, R1225zc, R1234yc, R1234ye(E), R1234ze(Z), R1243ye, R1243yf, R1243zc, va
R1243ze(E).

T khéa: 4p suét t¢i han, ciu tric phan t&r, phuong phap Joback, phwong phéap Joback céi tién.
Abstract

A study on the estimation of critical pressure of working fluids in thermodynamic cycles based on molecular
structure was carried out. The calculation flow chart for the determination of the critical pressure based on
Joback method was presented in this study. This paper also presented the calculation flow chart for the
determination of the critical pressure based on our proposed modified Joback method. The calculated critical
pressures of HFO-1234yf, HFO-1234ze(E), and HFO-1243zf showed that the proposed modified Joback
method is more accurate than the conventional Joback method. Due to the lack of experimental data and
the accuracy of the modified Joback method, the critical pressures of 9 Hydrofluoroolefins (HFOs) as
R1225yc, R1225zc, R1234yc, R1234ye(E), R1234ze(Z), R1243ye, R1243yf, R1243zc, and R1243ze(E)
have been determined by the modified Joback method.

Keywords: Critical pressure; molecular structure; Joback method, modified Joback method.

1. Pat van dé

Ning luong va mdi truong dang 1a van dé duge
ca thé gii quan tdm, dau tu va nghién ctru. Trong
linh vyc ning lugng, dé chuyén hoa nhiét sang cong
va tir cong sang nhiét, chu trinh nhiét thuong dugc st
dung vi n6 c6 hiéu qua bién d6i ning lugng cao.
Trong chu trinh nhiét, mdi chit dong vai trd quyét
dinh dén hiéu qua bién ddi nang lugng va sy anh
hudng téi moéi trudong. Vi vay, viéc nghién cliru xic
dinh cac moi chat méi va danh gia hiéu qua bién doi
ning luong ciing nhu tac dong dén moi trudong di va
dang dugc dau tu nghién ctu rat nhiéu.

Dé danh gia dwoc hiéu qua bién ddi niang luong
ctia modi chit trong chu trinh nhiét, can biét dugc sb
lidu nhiét dong cua modi chit. Thyc té, dé xac dinh
duoc tt ca cac sb lidu nhiét dong ctia mot moi chét
bat ky, can phai xiy dung phuong trinh trang thai cho
mdi chat ¢6. Hién nay, rat nhiéu loai phuong trinh
trang thai doi hoi phai biét sé lidu nhiét dong cua
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diém t6i han nhu nhi¢t d¢ t6i han (T.), 4p suét t6i han
(P¢) d¢ xac dinh cac thong sO nhiét ddng khac [1].

Hién nay chi c6 chwa dén 2000 chit c6 sb liéu
thuc nghiém day di vé céc thong s6 cua diém téi han.
Trong khi d6, cac thong sd trang thai khac nhu ap
sudt bdo hoa, khdi lugng riéng ... di dugc cong bd
cho hang chuc ngan chét khac nhau. Vi viy, viéc xac
dinh thong sb trang thai ciia diém t6i han dé lam co
s& cho cac nghién ctru tiép theo 14 rat can thiét.

D6i v6i cac chat co cau triic phan tir nho gon,
thuc nghiém cé thé gitp xac dinh dugc cac thong sb
diém t6i han. Do sy da dang va phong phd cia cac
chat nén hién nay nhiéu chit c6 cau triic phan tir nho
gon van chua c6 s6 liéu thi nghiém vé thong s6 diém
t6i han. V6i nhirng chét ¢6 ciu trac phén tir phirc tap,
thuc nghiém khong thé x4c dinh chinh xac gia tri
thong s6 diém téi han vi sy chuyén pha ¢ viing t6i
han khong thyc sy rd rang. Vi cic 1y do ké trén, sb
lidu thi nghiém cua cdc thong sé diém t6i han hién
nay rat it.

Dé khic phuc su thiéu s6 lidu vé thong sb diém
t6i han, da c6 nhiéu nghién ciu xdy dung phuong
phap duy doén théng sd diém t6i han. Cac phwong
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phap du doan thong s6 diém t6i han hién nay c6 thé
duge chia 1am 2 hudng. Hudng thir nhit dugc xay
dung dua trén cac thdng s6 nhiét dong khac da biét
nhu nhiét do diém sbi (Tp), s6 nguyén tir trong phan
tr [2]. Hudng thr hai dugce xay dung dua trén co s&
cAu trac phan tu [3-7].

Trong céc phuong phap dya trén co s¢ cau trac
phan tir, phuong phap Joback va Ried (d6i khi goi tat
la phuong phap Joback) 1a phwong phap phd bién
nhét vi phuong phap nay rat don gian, chi dwa vao sd
nguyén tir vi nhém nguyén tir 1a 6 thé xac dinh dugc
thong s nhiét dong co ban cuia vat chat. Cac phwong
phap méi dugc xay dung gﬁn day [4, 5], c6 d0 chinh
xé4c cao hon mot chiit nhung rat phirc tap va khé tng
dung hon nhiéu. Nam 2010, Lai [8] dd d& xuét
phuong phéap Joback cai tién va budc dau da cho két
qua kha quan. B§ chinh xac cua phuong phap Joback
cai tién tot hon phuong phap Joback nhung van git
duoc tinh don gian ciia phurong phap Joback.

Nghién ctru nay da dénh gia do chinh xac, tin
cay cua viéc xac dinh ap suét toi han theo phuong
phap Joback va phuong phép Joback cai tién, va tinh
toan ap suét t6i han ctiia mot sd chat hién nay chua c6
s6 liéu thuc nghiém duge cong bd. Két qua thu duoc
tir nghién ctru nay s& 14 mot co s& quan trong dé xay
dung phuong trinh trang thai cho cac chét nay.

2. Co s6 ly thuyét

Tét ca céc chat dugc ciu tao tir cac nguyén tir va
nhém nguyén ti. Thyc t&, chi co mot sb it cac nguyén
ta, nhdm nguyén tu bd tri theo trat tu khac nhau dé
tao ra cac chat khac nhau. Vi vay, cac nha khoa hoc
da tap trung nghién ctru xac dinh cac tinh chét nhiét
vat 1y cua cac chét dugc tao thanh tir cac nguyén tt,
nhém nguyén tir d6. Hinh 1 trinh bay vi du ciu tric
ctia Chloromethane va Methane. Vi du niy cho thy
Chloromethane dugc ciu tao tur 1 nguyén tir Carbon,
1 nguyén tir Clo va 3 nguyén tr Hydro. Methane
duoc cdu tao tir 1 nguyén tir Carbon va 4 nguyén tir
Hydro.

||-| H
EI—I‘Z—H H—(|Z-—H
H H
Chloromethane Methane

Hinh 1. Ciu trac phén tir ciia Chloromethane va
Methane

Theo cach tiép can cua Joback va Reid [6, 7], sb
liéu nhiét dong cia Chloromethane va Methane &
hinh 1 dugc quyét dinh boi cac dong gop nhom cia
cic nguyén tir C, H va CL. Trén co so tiép can theo
huéng dong gop nhoém cua cic nguyén tr, nhom
nguyén tu, Joback da su dung s6 li¢u thyc nghiém co
sdn cua 392 chat dé xac dinh dong gop nhom ciia cac
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nguyén tir, nhém nguyén tir dén cac thong sb nhiét
dong co ban nhu nhiét d6 toi han, ap suét t6i han [6].
Theo Joback, ap sudt t&i han ciia mdi chat duoc xéc
dinh theo cong thirc:

P.=0,113 + 0,0032.N, — 2P, bar

Trong d6 N, 12 s6 nguyén tir trong phan tir, Pe;
la dong gbp nhém cua nguyén tur, nhém nguyén tr
thir i, lién quan dén ap suat tdi han, trong phan tu.

Nhu vay, dé xac dinh dugc ap suét téi han ctia
mot chat, cin biét duoc cu tric phan tr va dong gop
nhom P.;. Thyc té, khi biét tén chit, ta hoan toan c6
thé xac dinh dugc cdu trac phan tir. Cac dong gop
nhém Pc; dd dugce Joback va Reid xac dinh va cong
b trén co sé md hinh dé xuét va sb liéu thuc nghiém
[6, 7]. Vi vay, ta hoan toan c6 thé xéac dinh duoc ap
suét t&i han cia mot chét bét ky.

Niam 2010, Lai d xuit phuong phap Joback cai
tién [8]. Ban chat ciia phuong phap nay 1a dya vao )
liéu thyc nghiém cua mot chit c6 ciu trac phén tu
tuong dwong dé loai bo anh hudng sai sé cua mot
hodc mot vai dong gop nhém cua chit can nghién
ctlru.

Nhap s6 nhom va
dong gdép nhom, P exp

Kiém tra nhép dit li¢u

Tinh s6 nguyén tir N, va tong cac dong
g6p nhém XP.;

v
Pey = [0,113 +0,0032.N, -

v

Sai s gitra két qua tinh theo phuong phap
Joback. P.1. va theo thuc nghiém. P. oxn
Xuét két qua tinh ra
man hinh va excel

v

Hinh 2. Luu d6 thudt toan xac dinh ap suit téi han
theo phuong phap Joback

z‘4Pc,i] 2
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Vi du, cin xac dinh ap sudt t6i han cua
Chloromethane khi biét 4p sudt toi han clia Methane.
PAu tién ta xac dinh ap sudt t¢i han ctiia Methane theo
phuong phap Joback. Chénh I¢ch gilra gia tri thuc
nghi¢m va gia tri tinh theo Joback cho Methane 1a do
sai s cia cac déng gbp nhom ciia 1 nguyén tir
Carbon va 4 nguyén tir Hydro gdy ra. Tiép theo, ap
sudt toi han cua Chloromethane duogc xac dinh theo
phuong phap Joback. Tuong ty nhu Methane, sai s6
clia phuong phap Joback cho Chloromethane bang
tong céac sai sb do cac dong gop nhém cia 1 nguyén
tr Carbon, 3 nguyén tir Hydro va 1 nguyén tir Clo gay
ra. Ap sut t6i han ctia Chloromethane theo phwong
phap Joback cai tién s& dugc xac dinh thong qua gia
tri 4p sudt toi han tinh theo phuong phap Joback cua
Chloromethane va d¢ chénh Iéch gilra gia tri thuc
nghiém véi gia tri tinh theo phuong phap Joback cua
Methane . Hai chit nay déu c6 1 nguyén tir Carbon, 3
nguyén tir Hydro ciu tao thanh va chi khic nhau & 1
nguyén tu: Cl cia Chloromethane va nguyén tir H thir
4 cta Methane. Vi vay, phuong phap Joback cii tién
gitip khir sai s6 ctia dong gép nhom ciia 1 nguyén tir
Carbon va 3 nguyén t& Hydro trong Chloromethane
khi tinh theo phuong phap Joback thong thuong.

3. Tinh toan xac dinh ap sut téi han

Trén co s& phuong phap ludn cua phuong phap
Joback va phuong phép Joback cai tién, ta hoan toan
¢6 thé xac dinh duoc ap suit t6i han ctia mot chét bat
ky ciing nhu nang cao d6 chinh xac cta két qua thu
duge tir phuong phap Joback bang cach sir dung
phuong phap Joback cai tién.

Dé tién lgi cho qua trinh nghién ciru, tinh toén
4p sudt toi han theo phuong phap Joback va phuong
phap Joback cii tién, ciing nhu higu chinh céc
phuong phép nay, viéc xay dung luu do thuat toan va
phin mém tinh toan 1a can thiét. Hinh 2 va 3 dudi day
trinh bay Iuu dd thuat toan xac dinh ap suit toi han
theo phuong phép Joback va phuong phap Joback cai
tién.

4. Két qua va danh gia

Trude khi trinh bay két qua nghién ctru xac dinh
ap suét t&i han cia mot sd chit chua ¢ s liéu thuc
nghiém, can kiém tra danh gia do tin cdy cua két qua
tinh theo luu d thuat toan dwoc trinh biy & cac phan
trude.

Hién nay, cic chit HFOs dang dugc quan tam
nghién ciru vi cdc chét nay la cac moi chit tiém ning
cho céac chu trinh nhiét nhung $6 liéu thuc nghiém
cong bd cho céc chit nay khong c6. Vi vay ching t6i
chon cac chat nay lam ddi twong nghién ctru, danh
gi.

Trong s6 cac HFOs tiém ning, hién nay chi c6 3
chit HFO-1234yf, HFO-1234ze va HFO-1243zf c6
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day du so liéu thi nghiém ciing nhu phuong trinh
trang théi chinh xac da dl{(yc 706ng bo. Vi vay, céc
chat nay s€ dugc st dung dé kiém tra danh gia.

Chon mdi chét
tham chicu

!

Nhap sb nhém va
dong gbp nhom, P exp

Kiém tra nhép dit liéu

Tinh s6 nguyén tir N, va tong cac dong
26p nhoém 2P.;

v

Tinh P, s va Pcj, rer cho chat can nghién
ctru va chat tham chiéu

v

AP =P c,exp,ref = PcJ,ref
v

Pemisa = Pegsu+ AP

v

Xuét két qua tinh ra
man hinh va excel

v

Hinh 3. Luu dd thuit toan xég dinh ap suét t6i han
theo phuong phap Joback cai tién

Dé minh hoa qué trinh tinh toan du doan ap
suat toi han ctia moi chat theo phwong phap Joback
va Joback céi tién theo luu dd thuat toan trén hinh 2
va 3, moi chét R1234yf dugc lua chon 1a mdi chét
can nghién ctru (std) va moi chat R1243zf dugc chon
lam moi chit tham chiéu (ref). Mdi chét R1234yf ¢
1 nhém “=CH>”, 1 nhém “=C<”, 1 nhém “>C<”, va 4
nhém “-F”. Gi4 tri dong gop nhém cho 4p suét téi
han cua “=CH,” 1a -0,0028, cta “=C<”1a 0,0011, cua
“>C<” 12 0,0043, va ctia “-F” 14 -0,0057. S6 nguyén
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tir trong phan tir R1234yf 1a N, = 9. Moi chat
R1243zf ¢6 1 nhom “=CH,”, 1 nhém “=CH-", 1
nhém “>C<”, va 3 nhém “-F”. Gia tri dong gop nhom
cho ap Suét téi han cia “=CH,” 1a -0,0028, cua
“=CH-" 1a -0,0006, cta “>C<" 14 0,0043, va cta “-F”
12 -0,0057. S6 nguyén tir trong phan tir R1243zf 1a N,
= 9. Gia tri ap suat t6i han theo thuc nghiém cuia
R1243zf1a 3,631 MPa, [9].

Ap sgét t61 han tinh theo phuong phap Joback
cho chat can nghién ctru (std) R1234yf va chat tham
chiéu (ref) R1243zf twong Gng la:

Peysw = [0,113 + 0,0032.9 - (-0.0028+ 0,0011+
0,0043 -4*0,0057)]?= 38,104 bar

Pegrer=10,113 + 0,0032.9 - (-0.0028 -0,0006+ 0,0043
-3#0,0057) ]> = 40,058 bar

Chénh Iéch gitra ap suét t6i han thuc nghiém va ép
sudt toi han tinh theo phuong phap Joback cho chat
tham chi¢u bang:

AP = Pe expyref - Pegrer = 36,31 — 40,058 = - 3,748 bar.

Ap suét t6i han cua chit can nghién ciru R1234yf tinh

theo phuong phéap Joback cai tién bang:

Pemisa = Peysia - AP =38,104- 3,748 = 34,356 bar.
Tuong ty, ta co thé tinh cho tat ca céc trudng

hop con lai: Bang 1 tyinh bay so li¢u thuc nghiém

(Pcexp), nguon cdng bo so liéu thuc nghiém, so li¢u

tinh toan theo phuong phap Joback (Pc) cho céc chat
ké trén va sai s0 tuong ddi so vai s6 ligu thyc nghi¢m.

Bang 1. Két qua tinh toan theo phuong phap Joback.

qua tinh toan theo phuong phap Joback cai tién (Pes)
khi dung cac chat tham chiéu khac nhau.

Bang 2. Két qua tinh toan theo phuong phap
Joback cai tién.

ChAt | Poop | Th | Poa (I?MS/

cantinh | MPa - MPa ’
chiéu Pc,exp

1243zf | 3,631 1234yf 3,578 1,44%
1234yf | 3,382 1243zf 3,435 -1,55%
1234ze | 3,635 1243zf 3,459 4,84%
1243zf | 3,631 1234ze 3,807 -4,85%
1234yf | 3,382 | 1234ze 3,611 -6,77%
1234ze | 3,635 1234yf 3,406 6,30%

Bang 2 cho thdy, theo phwong phéap Joback cai
tién [8], sai s6 tuyét dbi trung binh cho tat ca cac chat
& 6 truong hop ké trén 1a 4,29%. Két qua & bang 2
cling cho théy viéc lya chon chét tham chiéu c6 anh
huéng dén két qua dy doan. Nguyén tic lya chon chét
tham chiéu 1a s6 luong cac nhom sai khéc nhau ¢ chat
can nghién ctru va chit tham chiéu cang it cang tot.
S6 liéu thu duoc tir bang 1 va 2 cho thdy phuong
phap Joback cai tién wu viét hon phuong phap
Joback. Vi viy, ¢6 thé sit dung phuong phap Joback
cai tién dé xac dinh 4p suat toi han cia mot sb HFOs
chua c6 s6 liéu thi nghiém.

Hién nay chung t6i dang quan tam nghién ciru
s0 lidu nhiét dong cua 9 HFOs tiém nang: R1225yc,
R1225zc, RI1234yc, RI1234ye(E), R1234ze(Z),
R1243ye, R1243yf, R1243zc, va R1243ze(E). Tuy

nhién, do chua c6 s6 li¢u thi nghiém cho ap suét diém
R t6i han va do phuong phap Joback cai tién wu viét
Tén Pe.exp, Ngudn Py, (Pesexp- hon nén phwong phép Joback cai tién da dugc sit
chat MPa MPa | Pe.s)/ Pesexp dung dé xac dinh 4p suat diém t6i han cho cac chat
nay. Két qua chi tiét duoc trinh bay trong bang 3.
1243zf | 3,631 [9] 4,006 -10,3% . i .
Bang 3. Ap sudt t6i han cua mot so HFOs theo
1234yf | 3,382 [10] 3,810 -12,7% phuong phap Joback cai tién.
1234ze | 3,635 [11] 3,834 -5,5% Chat cAn tinh Ché}i.t}lam P.. MPa
chiéu
Bang 1 cho thiy phuong phap Joback cho phép
xé4c dinh ap suét t6i han cta cac chat HFOs voi sai s0 R1225yc R1234yf 3,196
tuyét d6i trung binh 13 9,5 %. Kiém nghiém thyc té R1225z¢ R1234yf 3,223
cho mot sé chat khac khong co lién }(ét doi cua R1234yc R1234yf 3,363
nguyén tir Carbon nhu ¢ déy thi thay két qua c6 do R1234ve(E R1234vF 3378
chinh xéc cao hon, [8]. Pidu dé chimg t6 céc hé sb ye(E) y :
ding dé xac dinh 4p suat t6i han cho cac chit c6 lién R1234z¢(Z) R1234yf 3,406
két doi & nguyén tir Carbon theo phuong phap Joback R1243ye R1243zf 3,776
chura thuc sy chinh xic. R1243yf R12432f 3473
D¢ danh gia d6 chinh xdc, tin cdy theo phuong R12437¢ R12432f 3610
phép Joback cai tién, [8], cac chat trong bang 1 s€ :
duogc ding 1am chat tham chiéu. Bang 2 trinh bay két R1243z¢(E) R1243zf 3,626
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5. Két luan

Bai bao nay da trinh bay co s& 1y thuyét va luu
dd thuat toan xac dinh ap suét t&i han cua moi chat
theo phurong phéap Joback va phuong phap Joback cai
tién. K&t qua nghién ciru x4c dinh ap suét toi han cho
cho mot s6 HFOs theo phuong phép Joback cai tién
va phuong phap Joback cho thiy phwong phap
Joback cai tién c6 d6 chinh x4c cao hon. Vi vy, nén
dung phuong phép Joback cai tién dé xac dinh ap suét
t61 han cho cac chét chua co s6 liéu thuc nghiém.

Bai bo nay ciing trinh bay két qua xac dinh gi4
tri ap suit ti han theo phwong phap Joback cai tién
cho 9 HFOs hién chua c6 sb liéu thuc nghiém vé ap
sudt diém t6i han.
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