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Tém tit

Bai bdo trinh bay phirong phdp xdy dung dwong cong chuyén bién tir cdc phwong
trinh trang thai hai tham s6 nhuw Van der Waals, Berthelot, Dieterici II, Redlich-Kwong va
dinh ludt trang thdi twong tmg. Két qua phan tich cho thdy cdc diém déic trung ciia dwong
cong chuyén bién khéng phu thudéc vao ban chat cia méi chat ma phu thudce vao phwong
trinh trang thdi. Tir d6, mét dang tong qudt ciia phirong trinh trang thdi dwoc dé xudt dé di
doan tinh chat nhiét dong cua moi chat lanh mdi, cdau tir thuan khiét cé ap suat lam viéc
thd:p hon ap sudt t&i han tai cdc diém nit ciia chu trinh lanh.

Tur khoa: phuwong trinh trang thdi, dieong cong chuyén bién, ky thudt nhiét dg thap.
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Abstract

The article presents the method of predicting inversion curves from two-parameter
equations of state such as Van der Waals, Berthelot, Dieterici, Redlich-Kwong and the law of
corresponding state. The results showed that the characteristic points of the inversion curve do
not depend on working fluids, but depend on the equations of state. From that, a general form of
the equation of state is proposed to predict the thermodynamic properties of new pure
refrigerants with operating pressures below critical at points of refrigeration cycles.
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1. Pit van dé

Phuong phép tiét luu khong sinh ngoai cong 14 mot trong nhitng phuong phéap lam
lanh nhan tao dua trén hi¢u Gng tiét luu. Hiéu ung tiét luu chi thu duoc nhiét do thép khi
nhiét d6 moi chat trude khi tiét luu thip hon nhiét do chuyén bién. Tap hop cac nhiét do
chuyén bién tao nén mot dudng cong goi 1a dudng cong chuyén bién.

Viéc nghién ciru vé dudng cong chuyén bién nham chon phuong trinh trang thai phu
hop dé dy doan tinh chét nhiét dong cua moi chét lanh méi hiéu suit cao, an toan véi moi
truong hay so sanh cac chu trinh nhiét dong ciing nhu mé hinh hoa, t6i uu héa hé thong
nhiét do thap 1a rat can thiét.
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2. Co s6' ly thuyét
2.1. Mt s6 phwong trinh trang thai hai tham s
Phuong trinh trang thai hai tham s danh cho khi thuc c6 thé biéu dién duéi dang
téng quat:
P =Pr+DPa (1)
Trong do:
Pr - &p sudt dac trung cho lyc day giita cac phén ti;
P - 4p sudt dac trung cho luc hut gitra cac phan tu.
Phuong trinh trang thai khi thuc dau tién do Van der Waals x4y dung nam 1873:
RT a
P=.5"m 2)
Phuong trinh Van der Waals m6 ta kha ding vé mit dinh tinh pha hoi va pha long
dbi v6i mot sb chat khi nhat dinh. Nhim mo rong pham vi ung dung cua nd, mot lugng 16n
phuong trinh phat trién tir phuong trinh trang thai Van der Waals nhu Berthelot, Dieterici,
Redlich-Kwong, Soave-Redlich-Kwong, Peng-Robinson...Trong pham vi bai bdo nay, céac
phuong trinh trang thai hai tham s6 nhu:

Phuong trinh trang thai Berthelot nam 1893:
RT a
P= i 3)

T v-b  Tv?
phuong trinh trang thai Dieterici II nam 1899:

RT a

P=3 " v (4)

va phuong trinh trang thai Redlich-Kwong nam 1949:
RT a
T v-b  TOSu(v+b)
duogc sir dung dé xay dung phuong trinh duong cong chuyén bién.

Trong cac phuong trinh (3), (4), (5) thi:

a-1a hing s hiéu chinh lyc hat giita cdc phan tir.

b-1a thé tich cuia cac phén tir hay con goi thong sb dong thé tich.
Cac héng sb a, b dugc xac dinh bai cac thong sb trang thai to1 han:

@), -0 (), -0 0

2.2. Phwong trinh dwong cong chuyén bién
Hiéu tmg tiét luu g, trong qua trinh tiét luu dang entanpi 14 ty sb giita d6 bién thién

)

vO cung nho nhiét do va ap suit duoc xéc dinh:
aT 1 ov
m=5) == [T (E)p - ”] )

Ap dung quan hé Maxwell cho tich 3 dao ham riéng: (g—;) = — (Z—Z) (g—:)T
14 v

Thay vao biéu thirc (7) ta co: p, = — i [T (%)v +v (‘;_i)T] (g_Z)T __9 (Z_Z)T

Cp
io=T( o
vol 9 - T (aT)v T (BU)T.

Theo dinh ludt trang thai tuong tmg biéu thirc @ c6 thé viét lai theo cac thong sd rut
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gon:
6 =T, (5) +vr(52). ()

/. ovy
Trong d6, ap suit rit gon p, = pﬁ; nhiét d6 rut gon: T, = TZ; thé tich rit gon v, = Vl
c c c

va p., T., v, la cac thong s6 trang thai ap suét, nhiét do va thé tich & trang thai to1 han.

Nhiét d9 trang thai cé hiéu ung tiét luu 1, = 0 hay 6, =0 goi 1a nhiét do chuyén bién
T} . Pay 1a co s¢ dé xay dung phuong trinh dudng cong chuyén bién tir cac phuong trinh
trang thai khi thuc.
2.3. Cac buéc xay dung phuong trinh duwong cong chuyén bién

Bue 1: Viét phuong trinh trang thai theo cac thong s rat gon p, = p,(v,., T,.):

8T, 3
- Van der Waals: pyp = —1———=
3v,—1 2
8T, 3
- Berthelot: Py = ———
3v,-1  Tpv2
. .. 15T, 4
- Dieterici 1I: = —L — —
4-177«—1 vr
3Ty 1

- Redlich-Kwong: br =3 "oz 0,26,/Ty v, (v,+0,26)

Burée 2: Xac dinh biéu thuc 6, theo cong thirc (8):

6 8T,
- Van der Waals: 0, =—— r
vy (Bvy—1)2
9 8T,
- Berthelot: 0, =—— r
Ty vy (3v,—1)2
. . . 20 15T
- Dieterici II: 0, = —<5— —Tz
3v, (4v,—1)
51,40,78 0,78T;

- Redlich-Kwong: 0,

=0,52ﬁvr(vr+o,26)2 (v,—0,26)2
Buée 3: Cho .= 0, x4c dinh nhiét d6 chuyén bién phu thudc vao thé tich T (v,):

) _ 2

- Van der Waals: T} = 3(32#1)

- Berthelot: T} = 3(23—#1)

. _ 2

- Dieterici II: T, = %
9vr

- Redlich-Kwong: Tri — 183 (5vr+0,78)2/3 " (vr_0'26)4/3

v, v,+0,26
Buée 4: Thay biéu thirc T} (v,) vao phuong trinh trang thai rit gon p, = p,(v,, T,)
ta tim dugc phuong trinh dudng cong chuyén bién rut gon pi = pL(T)).
3. So sanh cic diém dic trung ciia cic duwong cong chuyén bién
Céc dudng cong chuyén bién duoc biéu dién trén d6 thi p, - 7, nhu hinh 1.
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Hinh 1. So sanh cac diém ddc trung cua cdc dwong cong chuyén bién

Céc diém dac trung cua duong cong chuyén bién gdbm nhiét d6 chuyén bién rut gon
cao nhit T),4y, thap nhét Trimin va nhiét d6 Gmg véi gia tri ap suét rit gon cuc dai plyay
duogc xac dinh va théng ké vao Bang 1:

Bing 1. So sanh cdc diém dic trung ciia cdc dwong cong chuyén bién

Phwong trinh trang thai Giéi han nhiét do Ap suit rit gon
hai tham s6 chuyén bién riit gon cwe dai
T:.'.min Ti.max
Van der Waals 0,75 6,75 Plmax =90 tai TF = 3,0
Berthelot 0,795 3,18 Plax = 8/481i T} = 1,60
Dieterici 11 0,7368 o0 Plax = 16,0 tai T} = 4,0
Redlich-Kwong 0,7315 5,32 Plax = 10,87 tai T} =
2,13

Phan tich d6 thi va bang 1 ta thay:

- Cac diém dic trung ctia duong cong chuyén bién khong phu thudc vio ban chit
ctia moi chdt ma phu thudc vao phuong trinh trang thai.

- Khi p} = 0, nhiét do chuyén bién rat gon nho nhat cac phuong trinh gin bang
nhau; nhiét do chuyén bién rat gon cuc dai cua cac phuong trinh trang thai c6 su khac biét
khé rd nét: phuong trinh Berthelot 3,78, phuong trinh Redlich-Kwong 5,32, phuong trinh
Van der Waals 6,75 va phuong trinh Dieterici II tién dén vo cuc.

-Nhénh bén trai dudong cong chuyén bién ctia 03 phuong trinh Berthelot, Dieterici
va Redlich - Kwong kha tuong dong & cac ap suat p: < 8,0 . Ap suat pl dat gia tri cuc dai
dbi voi phuong trinh Berthelot 13 8,48 tai T} = 1,6, phuong trinh Van der Waals 13 9,0 tai
T} = 3,0, phuong trinh Redlich-Kwong 1a 70,87 tai T} = 2,13 vd phuong trinh Dieterici
IT1a 16,0 tai T} = 4,0.

4. Két luan va kién nghi
- Bai b4o da dwa ra phuong phap xay dung cac phuong trinh dudng cong chuyén
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bién dwa vao dinh luat trang thai twong ing va cac phuong trinh trang thai hai tham s6 gom
Van der Waals, Berthelot, Dieterici II va Redlich-Kwong.

- Céc diém dic trung cua duong cong chuyén bién khong phu thudc vao ban chét
ctia mdi chat ma phu thudc vao phuong trinh trang thai. Tir 3 phuong trinh trang thai Van
der Waals, Berthelot va Dieterici II, dang tong quat ciia phwong trinh trang thai dugc dé
xudt nhu sau:

RT a
p= v—b Trym

Trong d6,sémiin =0 +1vam=5/3 +2.

Trén co s sd liéu thuc nghiém vé duong cong chuyén bién, s6 mii n, m can duogc
phan tich, lya chon phu hop dé du doan tinh chét nhiét dong cua moi chét lanh mdi, céu tir

thudn khiét c6 ap suat lam viéc thip hon ap suit téi han tai cic diém nut cua chu trinh
lanhQ
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