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TOM TAT: Nhitng phén tich vé hiéu sudt va céng sudt cho chu trinh Joule-Brayton, mot
chu trinh ¢6 thé dp dung cho nhitng hé thong phat dién hiéu sudt cao, ciing nhw nhitng diéu
kién dé dat hiéu sudt cuc dai, cong sudt cue dai di dwoc dé cdp thong qua cdc thong $6 nhiét
dg, dp sudt. Két qua la, nhiét dg lam lanh cang nhé hodc nhiét do dau vao tua-bin cang Ién thi
hiéu sudt chu trinh cang lon. Qua phan tich vé hiéu sudt va cong suat, diéu kién vé ti so nhiét
dé ra trén nhiét dé vao ciia mday nén ciing nhw ti $6 dp sudt ciia mdy nén dé cho ra hiéu sudt
cuc dai va cong sudt ra cuc dai la khdc nhau. Hiéu sudt cuc dai chi yéu mang y nghia nhiéu
hon vé tinh ky thudt, trong khi cong sudt ra cwc dai mang nhiéu y nghia vé tinh kinh té va kich
thude ciia hé thong hon. Nhuw vdy, tity theo yéu cau ciia hé thong cho hiéu sudt cwe dai hay cho
céng sudt ra cue dai ma cdc thong sé vé nhiét g, dp sudt diege thiét ké sao cho phit hop.

Tir khoa: Phdn tich chu trinh Joule-Brayton, cong sudt cuc dai, hiéu suat cuc dai, ti s6
ap sudt, ti s6 nhiét dg.

1.GIOI THIEU CHUNG

Trong linh vuc nhiét dong luc, chu trinh may nhiét Carnot dugc xem 1a chu trinh ¢6 hi€u
suét nhiét cao nhit. Dé dat duge hiéu suit nay, cac qua trinh trong chu trinh phai la thuan
nghich va khong ddi entropy. Piéu nay ciing c¢6 nghia chu trinh Carnot chi 1a mgt chu trinh Iy
tuong boi vi thuc té khong co mot qua trinh ctia may nhiét nio 1a thuan nghich va khong co
tang entropy. Nam 1975, Curzon va Ahlborn (CA) da md rong mo hinh chu trinh Carnot voi 2
qué trinh trao d6i nhiét 1a khong thuan nghich va hiéu sudt ciia md hinh nay duoc xac dinh
theo cong thirc:

Tc
TH
Trong d6, T¢ va Ty 1an luot 13 nhiét d§ ciia ngudn lanh va ngudn néng.
Hiéu suat nay c6 thé dung dé danh gia hiéu qua cua mdt chu trinh chinh xac hon hi¢u suét

Carnot vi n6 duoc xem nhu gan vai gia tri hiéu sudt thuc té ciia chu trinh hon. Didu nay co thé
thdy rd & Bang 1 bén duai [1].

Nea =1- (1

Bang 1. Hi¢u suat mdt s6 nha may dién

Nha may dién Tc[°C] | Ty[°C] | m Carnot Nca n thyc té
Dot than West Thurrock (UK) 25 565 0,64 0,40 0,36
bién nguyén tt CANDU (Canada) 25 300 0,48 0,28 0,30
Dia nhiét dién Larderello (Italy) 80 250 0,33 0,17 0,16

D3 c6 nhiéu nghién ctru vé hiéu suat ciing nhu cong suit xung quanh mé hinh chu trinh
Carnot va chu trinh Curzon va Ahlborn [2—6]. Trong pham vi bai bao nay, nhiing phan tich vé
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hiéu suét va cong suit duge mo rong cho chu trinh Joule-Brayton, mdt chu trinh déc trung cho
hé thong phat dién tua-bin khi cling nhu chu trinh dong co tua-bin khi va c6 thé mo rong ap
dung cho nhitng chu trinh hé thdng phat dién hiéu suit cao ding cac dang phat dién khac.
Ngoai ra, nhitng diéu kién dé dat hiéu suét cuc dai, cong suat cuc dai cling duoc dé cap va
phan tich théng qua cac thong s nhiét d, ap suat clia may nén.

2.COSO LY THUYET

Chu trinh Joule-Brayton lién quan dén 2 qua trinh déng 4p va 2 qué trinh doan nhiét (xem

Hinh 1 va Hinh 2).
Budng dot wﬂ

—

Lam lanh

o 1 e

out

Hinh 1. Chu trinh Joule-Brayton

TA ® PA &
© ¥_0

out @ l - @

wY

Hinh 2. Db thi T-s, P-V ctia chu trinh J oule-Brayton

Cong suat ra cua chu trinh nay c6 thé dugc viét theo cong thire sau:

w=&, -&, @)

<Y
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Vi, (§‘m la cong suat cung cap vao chu trinh, écout la cong suat thai ra tir chu trinh va

duoc xac dinh 1an luot theo cac cong thirc sau:
&, = e, (T; - T,) 3)

écout = IIScp (T4 - Tl) 4)

Trong d6, & 1a luu lugng khéi lugng, c, 1a nhiét dung riéng déng ap, va Ty, To, T3, T4 lan
lugt 1a nhiét do tai ngd vao cua may nén, nhiét do tai ngd ra cua may nén, nhiét do tai ngd vao
tua-bin, nhiét dJ tai ngo ra tua-bin.

Thay cong thirc (3), (4) vao (2), ta co:

\&:I&p[(T3 -T,)-(T, - T))] ©)
Pat ti sb ap suét va ti s6 nhiét do 1a cac h?‘ing s6 a va b nhu sau:
-1
(n (r=1)/y ©
P
T
b=-3 (7
T

Vi, Py va P, 1an luot 12 4p suét vao va ra ciia may nén, v 1a ti s6 nhiét dung riéng dang ap
trén nhiét dung riéng dang tich, T va T, lan luot 1a nhiét d6 cuc dai va cuc tiéu cia chu trinh.

bbi véi qua trinh nén, gian doan nhiét thuén nghich va véi P, = P3, P, = Py, ta ¢6 quan hé:

T, &( )/vz &(v 1)/v=£=a ©
T, (P P, T,

Thay (7), (8) vao (5) ta dugc:
Wo=ro, T (a - 1)(E - 1) ©)
a

Néu nguén nhiét, nguf“)n lanh dugc xéac dinh trude, tie 13 biét trude b, tir cong thuce (9), ta

dé dang tim dugc diéu kién dé cong suét ra cuc dai \&max la:
T T
a=+/b hay 2= |3 (10)
T T

Va khi d6 cong suét ra cuc dai duge xac dinh theo biéu thuc:
w o= rﬁcpTl(JE—l)z (11)

Dé cho don gian khi khao sat, ta xét ti so:

(a—1f 2-
\&‘ZX _ (\/gal)zlj (12)

Hiéu sut nhiét N cta chu trinh dugc dinh nghia:
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\& 1— écout

= 13
MNth é{in éﬁn (13)

Két hop cong thire (3), (4), va (8), hiéu suat nhiét tré thanh:

1

Ny =1-— (14)
a

Thay (14) vao (12) ta co:

1
e (i oo .
\&max (\/E—l)z

Tu day, co nhiéu van dé c6 thé duoc dat ra ché'ing han nhu ddi véi mot hé théng duoc chon
trude (nhiét d6 cuc dai dugc dinh trudc) thi ti s6 nhiét do ra/vao cua may nén cling nhu ti )
nén cua may nén nén nhu thé nao dé hiéu suat nhiét va cong suit ra dat gia tri cyc dai. Tiéu chi
nao nén duogc dung khi thiét ké cac hé théng: hiéu suét nhiét cuc dai hay cong suét ra cuc dai.
Nhirng van dé nay s& duoc ban dén chi tiét & phan sau.

3. KET QUA VA PHAN TiCH

Thay cong thirc (10) vao (14), ta c6 hiéu suat chu trinh tai gia tri cong suat ra cuc dai
(cling chinh 1a hiéu suét Curzon va Ahlborn — TNca), Va dd thi cta hiéu suét theo ti sb nhiét do b
duogc biéu dién ¢ Hinh 3. D& dang nhan thiy ring nhiét d6 lam lanh cang nho hodc nhiét do
dau vao tua-bin cang 16n, hay néi cach khac ti sb nhiét do cuc dai/cuc tiéu b cang lon thi hi¢u
suét chu trinh cang 16n. Tuy nhién, nhiét d6 1am lanh khong thé nho hon 300K (27°C) vi day
dugc coi 1a nhiét do trung binh cia moéi trudong khong khi, va nhiét do dau vao tua-bin khong
thé qua cao vi giéi han vé nhiét do ciia vat lidu, thiét bi. Trong pham vi bai bao nay, nhiét do
dau vao tua-bin duoc gidi han tdi da 900K vi ddy c6 thé coi 1a gia tri dic trung phd bién voi
cong nghé hién nay. Két qua 1a hiéu suat chu trinh cao nhét chi c6 thé dat dugc 1a 42,3% ung
v6i nhiét d6 1am lanh dau ra T;=300K va nhiét d6 dau vao tua-bin T;=900K.

80

()]
o

Hiéu suét chu trinh [%]
X I
o o

0 1 2 3 4 5 6 7. 8 9 10
Ti s6 nhiét d6 cuwc dai/cwc tiéu b

Hinh 3. Hiéu sut theo ti s6 nhiét do cuc dai/cuc tiéu b
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Tt cong thie (15), mbi lién hé gitra cac dai lugng hiéu sudt, cong suit va nhiét do c6 thé
duogc biéu dién nhu Hinh 4. Theo cong thirc (14), ching ta nhan thiy dé hiéu suit cang cao thi
ti s6 a phai cang 16n. Vi quan hé nhu ¢ cong thirc (8), mudn a cang 16n thi T, (nhiét d6 ngd ra
mAay nén) cang 16n, hay noi cach khac T, phai cang tién toi gia tri Ts (gia tri nhiét d6 cuc dai
trong chu trinh). Piéu nay cling ¢ nghia la T, (nhi¢t d§ ngd ra tua-bin) cang tién t6i gia tri T,
(gi4 tri nhiét do cuc tiéu trong chu trinh) theo cong thic (8), két qua 1a cong suit ra cua chu
trinh s& tién dén gia tri 0 dé cho ra hiéu suit cuc dai (tir Hinh 4 ciing nhan thiy diéu nay). Nhu
vay ti nhitng phan tich trén, diéu kién dé hiéu suit cuc dai sé& 1a:
T, T3
T T

Mot tiéu chi khac dé khao sat mot hé thdng, do 1a cong suét ra cyc dai, va diéu kién dé cho
ra cong sut cuc dai. Tir cong thirc (10) va (16), chung ta nhén thy diéu kién ctia ti s6 nhiét do
ra/vao may nén dé cho ra hi¢u sut cyc dai va cong suat cuc dai 1a khac nhau. Trén thyc té,
diéu kién cho ra cong suét cuc dai co y nghia hon vi mudn hiéu suit dat cuc dai thi theo phan
tich trén, cong suat ra phai tién dén 0. Dicu ndy c6 nghia la hiéu suét cuc dai chi mang tinh ly
thuyét va hoan toan khong c6 y nghia thyuc té. Hon nira, néu ta xét thém mot thong s6 1a mat do
cong suit (dugc dinh nghia la cong sudt trén mot don vi khdi lugng) thi théng sd nay sé bao
ham cac yéu té nhu kich thude, khdi luong cua hé thdng. Piéu nay c6 nghia 1a khi mat d6 cong
suét cuc dai, kich thudc hé théng s& 12 nho nhét dé cho cong suét toi uu. Do co thé coi 1a mot
loi ich kinh té rat 16n, nhat 1a d6i v6i nhimg hé thdng ma ngoai cac thong s6 ki thuat thi nhimg
yéu tb vé kinh té, kich thudc ciing can dugc ddc biét quan tim ching han nhu nhiing hé thong
phét dién dung trong khong gian hogc nhitng hé thong yéu cau kich thudc nho.

1

a=b hay —= (16)

—o—p=2 —— pb=3 —%—b=4
—=—b=5 —&b=6

t chu trinh

éu sua

Hi

0 0.2 0.4 0.6 0.8 1

/ max

Hinh 4. D) thi biéu dién mdi lién hé gitta hi¢u suét va cong suét
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Tir cong thic (9), dé cho don gian khi phén tich, ching ta dinh nghia mot dai lugng tam
goi 12 cong suit riéng VS‘S duogc dinh nghia la:

w =(a—1)(3—1j (17)

S —
e, Ty a

Tir déy, ta co thé khao sat mbi quan hé giita cong suét riéng, ti sé ap sudt ra/vao cua may
nén va ti s6 nhiét do (vi du véi moi chét 1a khong khi y=1,4), va cac duong biéu dién mbi quan
hé nay cho & Hinh 5. Hinh nay ciing cho thdy mdi lién hé giita ti s ap suét ra/vao ciia may nén
va hi¢u suat chu trinh. Ung véi ti s6 nhiét do b=3 thi dé cho ra cong suét 16n nhét thi ti sé nén
4p suét phai bang 6. Thong thuong dbi voi tua-bin khi hodc tua-bin hoi thi ti sé ap suat may
nén bang 4, do vay hiéu sudt dat duoc theo tinh toan 1a 32,7%. Tuy nhién trong mét so ung
dung ddc biét vai cong nghé hién nay, ti s6 nén c6 thé dat dén gia tri >40, do vay hiéu suét cua
cac hé théng nay rat cao. Ngoai ra, hé thong phat dién dung nguyén 1y Tir thuy dong luc
(Magnetohydrodynamic — MHD) thay vi dung tua-bin khi hodc tua-bin hoi c6 thé dung ti sb
nén 1én dén trén dudi 15. Vi vay, dy cling la mot trong nhiing 1y do hé thong phat dién MHD
duogc ky vong cho hiéu suit cao hon nhung hé thdng phat dién kiéu truyén thong.

Tu Hinh 5, ta thay diéu kién cta ti sb nén dé hiéu sut cuc dai va dé cong suét cuc dai la
khac nhau. Hiéu sudt 16n chi yéu mang y nghia nhiéu hon vé thong s6 k¥ thuat nhung khong
thuc té, trong khi cong suét riéng 16n mang nhiéu y nghia vé tinh kinh té ctia h¢ thdng hon.
Nhu véy, tuy theo yéu cau cua hé thong cho ra hiéu suat 16n hay cho ra cong sudt 1én ma cac
thong s6 vé ti s6 nhiét do, ti s ap suat dugc thiét ké sao cho phit hop.

70 1.2
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s | b=4
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Ti sb ap suét ra/vao may nén P2/P1

Hinh 5. Quan hé giira hiéu suat, cong suat riéng va ti s ap sudt ra/vao ciia may nén

4KET LUAN

Qua khao sat va phéan tich hi€u sult va cong suét cua chu trinh Brayton, mdt s6 két luan
sau day da dugc rut ra.
o Ti s0 nhiét do cuc dai trén nhiét d6 cuc ti€u cua chu trinh cang lon thi hi¢u suat chu trinh
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cang 16n. Tuy nhién, vi nhiét do cuc tiéu khong thé nho hon 300K va nhiét do cuc dai khong
thé 16n hon 900K nén ti s6 nay khong thé 16n hon 3, hay noi cach khac hiéu suit 16n nhét co
thé dat dugc 14 42,3%.

e Diéu kién v& ti s6 nhiét do ra cua may nén trén nhiét do vao cua may nén dé cho ra hiéu
suét cuc dai va cong suét cuc dai 12 khac nhau. Cu thé la:

»Dicu kién dé hiéu suat nhiét cuc dai: -2 = —3, hay noi cach khac nhié¢t do ngd ra may

1 1
nén tién dén nhiét do cuc dai va nhiét do ngod ra tua-bin tién dén nhiét do cuc tiéu. Piéu nay co
thé duge ap dung dé nang cao hi¢u sut béng cac bd trao ddi nhiét trung gian tdn dung nhiét tir
ngo ra tua-bin gia nhiét thém cho ngd ra may nén.

» Piéu kién dé cong suét ra cuc dai: E = E .

T VT

e Dic¢u kién ciia ti s6 ap suat ciia may nén dé hiéu suat 16n nhat va dé cong suat 1on nhét
cling 1a khac nhau. Ti s6 nén 4p suit cang cao thi hiéu suit chu trinh cang cao, tuy nhién dé
cho ra cong suat cyc dai thi ti s6 nén ap suat nay phai bang 6 ing véi ti s6 nhiét d6 cuc dai/cuc
tiéu 1a 3.

Diéu kién vé ti sb nhiét do va ti sb ap sut may nén dé dat duoc cong sut ra cuc dai s ¢o
¥ nghia rit quan trong trong viéc thiét ké nhitng hé théng phat dién doi héi tinh kinh té cao,
kich thudc nho gon vi du nhitng hé théng phat dién ding trong khong gian hodc nhimng hé
thdng yéu cu cong suat 16n.

ANALYSES OF THE THERMAL EFFICIENCY AND THE OUTPUT POWER
IN A JOULE-BRAYTON CYCLE

Le Chi Kien
University of Technical Education — Ho Chi Minh City

ABSTRACT: The analyses on Joule-Brayton cycle, which could be used for a high
efficiency power generation system, using the temperature and the pressure of compressor
have been carried out. As a result, when the ratio of maximum temperature to the minimum
temperature in the cycle increased, the thermal efficiency increased. By analyzing the
efficiency and the output power, it is understood that the ratio of compressor outlet pressure to
the compressor inlet pressure, as well as the pressure ratio across the compressor for
maximum thermal efficiency and maximum output power are different. The maximum thermal
efficiency could be an important technical parameter; however, the maximum output power is
significant in the cost and the size of system. For that reason, depending on the required
system for maximum efficiency or for maximum power, the ratio of temperature and pressure
are designed.

Keywords: Joule-Brayton cycle analysis, maximum power, maximum efficiency,
pressure ratio, temperature ratio.
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