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Tém tat - Nghién cteu st dung céc nguén nhiét thiva cap nhiét cho
hé théng bom nhiét v&i hé théng lanh s dung chu trinh Rankine
htru co ORC (Organic Rankine Cycle). Trén can ban tinh toan theo
mo hinh m&i dé& chon ra dwoc méi chét thich hop nhét ding cho
hé théng, dwa ra dwoc két qua tinh toan hé sé lam néng va lam
lanh COP dbi v&i cac méi chat R22, R600, R601, R123, R1234ze,
R134a, R152a, R227ea, R245fa, R717, Rwou, R718. Nghién cru
céc tinh nang, dic tinh thay dbi ctia hé théng bom nhiét két hop
lam lanh tlly theo sy thay déi nhiét do & thiét bj sinh hoi, nhiét dé
bay hoi va nhiét dé ngung tu, két qua tinh toan hiéu suét vong tuan
hoan noe, hé sb 1am viéc cta hé théng COPs. Cac két luan rit ra
tr két qua tinh toan hé thédng bom nhiét véi hé théng lanh chu trinh
Rankine hiru co.

Tr khéa - ORC; bom nhiét; mdi chat lanh; COP; thu hdi nhiét

1. Dit van dé

Hién nay, ngudn ning 1u0ng ngay cang can kiét, vi vay
viéc nghién ciru sir dung ngudn ning luong thira, tiét kiem
dang duoc nhiéu nha khoa hoc quan tam. Viéc sir dung
nguon nhiét thai cao dé san xuét ra dién dugc nghién ciu
va thyc hién rat thuan thuc, & ngudn nhiét thai trung binh
va thap thi nghién ctu tng dung it hon baoi vi gap phai
nhitng khé khan nhat dinh nhung vi s lugng 1on, tlem nang
str dung rat nhiéu nén viéc nghién cau sir dung ngu0n nang
luong thai nay cang c6 y nghia to 16n. Da c6 nhiéu ky thuat
dé thu hdi str dung nhiét thai nhu dung hé thong tuan hoan
moi chét hitu co, sir dung ning lwong mat troi, cac phuong
tién van tai nhu xe 6 t6 va tau thuyén, ang dung ky thuat
dng nhiét, ki thuat dung nhiét thai dé phat dién, ky thuat
g dung nhiét thai bang cach thay ddi thiét bi nhiét dbi
v6i hé thdng bom nhiét va hé thong lam lanh.

Hé thong tuan hoan mdi chét hitu co 1a dung loai chat
hitu co 1am méi chat tuan hoan cho hé thong, thich hop cho
viéc ng dung thu hdi ngudn nhiét thai ning lugng thap, vi
du nhu la nang luong mit troi, nang lwong dia nhiét, nang
lugng sinh khéi... Tir thap nién 60 cho dén nay céc nha
nghién ciru khoa hoc rat quan tam dén nhitng mdi chét hitu
co ¢6 nhiét do sbi thap. Trung Qudc bét ddu nghién ciru vao
thap nién 80 cua thé ky 20. Pai hoc Wenshou ctia Pai Loan,
Hung TC... Nghién ctru phan tich ding cac moi chat benzen
(CeHs), CsHsCHs, R123 va R113... cho h¢ thong tuan hoan
moi chét hiru co [1-2]. Cong ty dong tau Mitsui cua Nhat
Ban da nghién ctru str dung nguon ning luong khai thai cua
16 hoi ¢ nhiét d 340°C dung chu trinh ORC dé phat dién voi
cong suit may phéat 14MW, hiéu suit hoat dong thyc té va
hiéu suit nang lwong hitu ich dat duoc 16,1% va 42,8% [3].

Cong ty ché tao may cia My dung méi chat R123 lam
moi chat cho hé thong tuan hoan hitu co, sir dung ning
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lwong thai & nhiét do 120~220°C ciia nha méy loc dau, nha
méy hoa hoc dé phat dién cong suat 1500~ 3500kW [4].
Demierre va nhiéu tac gia [5] la nhimg nguoi dau tién dung
mdi chat R134a cho hé thong ORC-VCR véi cong suat
ngung tu 20kW, Wang... [6-7] da nghién ciru va dua ra hé
théng ORC-VCR véi cong suat lanh la 5kW, Bu xianbiao,
Li huashan, Wang lingbao [8] nim 2013 nghién ciru, phan
tich sir dung nguon nhiét thai caa tau thuyén cap nhiét cho
chu trinh Rankine hitu co dung chay hé thong diéu hoa
khong khi. D& thu hdi dugc nhiét lwong khi thai cia dong
co tau va nhiét d6 nudc lam mat cia dong co, ho da dung
chu trinh Rankine hiru co va hé théng lanh dé 1am diéu hoa
nhiét do, xay dung hé théng nhiét dong hoc, phén tich mot
s6 loai mdi chat thich hop voi tinh ning cua hé théng. Nhiét
d6 sinh hoi va nhiét d6 ngung tu ¢6 anh huong rat lon dén
tinh ning cua hé thong. Thong qua thay doi luu lugng nude
néng c6 thé didu khién va diéu tiét duoc nhiét do cua nudc
nong tir d6 ¢6 thé uu viét hoa tinh nang cua hé thong.

Hé théng két hop tuin hoan moi chat hitu co va hé
théng lanh st dung chung mét loai moi chét lanh, ding
chung hé théng ngung tu, nhu vay vé mat két cau don
gian, mat khac hién tuong rd ri moi chat anh huong dén
hé thong khong nhiéu. G noi dung nay xay dung mé hinh
thé théng bom nhiét ding chung méi chat cho chu trinh
Rankine hitu co va vong tuan hoan 1am lanh. Tién hanh
nghién ctru cac tinh nang anh huong caa hé thong, su thay
ddi nhiét d6 sinh hoi, nhiét 4o bay hoi, nhiét d6 ngung
tu... Két qua tinh toan c6 thé lam tu liéu dé ché tao hé
théng, cac budc nghién ciu tiép theo.

2. Nguyén ly 1am vigc ciia hé théng

Hinh 1 biéu thi hé théng bom nhiét chu trinh Rankine
hitu co véi hé thong lanh, hé thong gom co cac thiét bi
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chinh nhu sau: I - Thiét bi sinh hoi, IT — May déan né, 111 —
Thiét bi ngung ty, IV — Bom méi chét, V — Van tiét luu, VI
— Thiét bi bay hoi, VII — May nén lanh. Hé théng gém hai
b6 phan hop thanh gdm chu trinh Rankine hitu co va vong
tuan hoan may lanh, hai b phan théng qua may dan no -
May nén lanh hgp thanh. Chu trinh Rankine hitu co bao
gdm: Thiét bi sinh hoi, may din ng, thiét bi ngung tu, bom
moi chat; Vong tuan hoan may lanh bao gom: Thiét bi bay
hoi, may nén lanh, thiét bi ngung tu, van tiét luu, hai vong
tuan hoan dung chung thiét bi ngung tu. Qué trinh hoat dong
nhu sau: M6i chat dau tién tai thiét bi sinh hoi nhan nhiét bay
hoi tr& thanh hoi c6 &p suat va nhiét do cao dugc dwa dén
méy dan no, ddn no sinh cong ap suat va nhiét do giam
xudng, ra khoi may dén né mdi chat dugc dua vao thiét bi
ngung tu nha nhiét cho moi truong lam mat ngung tu thanh
long va duge bom moi chat bom 1én ap suat cao dua Vé lai
thiét bi sinh hoi nhan nhiét sinh hoi tiép tuc chu trinh (hoan
thanh vong tuan hoan thir nhat). Vong tuan hoan h¢ thong
lanh (vong tuan hoan thir hai): Tai thiét bi ngung tu, long
moi chat ra khoi thiét bi dugc chia thanh hai phan, mot phan
qua bom méi chat va mot phan dwoc di qua van tiét luu
giam &p suat va nhiét o sau d6 vao thiét bi bay hoi hap thu
nhiét cia moi truong 1am lanh bay hoi ¢ ap suét va nhiét
do6 thap dua vé may nén, duoc nén doan nhiét tai may nén
Ién &p sut va nhiét do cao sau d6 vao thiét bi ngung tu nha
nhiét cho méi trudong lam mat ngung tu thanh long, long
ngung tu ra khoi thiét bi ngung tu va tiép tuc chu trinh.

@

T@‘g 3|8
Hinh 1. So'd6 nguyén Iy hé thong bom nhiét
ket hop may lgnh dung chu trinh Rankine hizu co
Hinh 2 bicu dién do thj T-s va Igp-h ciia h¢ théng bom
nhiét ORC két hgp lam lanh.

=

ol
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Hinh 2. D6 T-s va Igp-h hé thong bom nhiét

ket hop lam lgnh va chu trinh Rankine hiiu co
1—2—3—4—5"—6"—1 biéu thi vong tuan hoan hitu co,
1—2s biéu thi qua trinh dan no dang entropy, qué trinh
3—4s bom méi chat dang enthalpy, 7—25—3—5—6—7
biéu thi chu trinh méy lanh, 6—7s qua trinh nén doan nhiét

tai may nén lanh, 7—8 qua trinh ngung tu dang ap taj thiét
bi ngung tu, 8—5 qua trinh tict luu, 5—6 qua trinh hap thu
nhiét tai thiét bi bay hoi.
3. Tinh todn mé hinh

Cong suat do may dan n¢ sinh ra cung cap hoan toan
cho may nén lanh hoat déng. vay ta cé cong thirc nhu sau:

(hl_hz)morc :(h7_h6)mvcr (1)

V6i More: luu lugng mai chét chu trinh Rankine hitu co,
Myer: leu lwgng mdi chat vong tuan hoan lam lanh, hy, hy:
enthalpy vao ra may dan na, he, h7: enthalpy vao va ra khoi
may nén.

Ti s6 luu luong:

mvcr _ hl — h2
= 2)
Myye h7 - h6
Hé sb 1am lanh COP:
COP = (hG — h5)mvcr _ (he — hs)(hl — hz) (3)
(hl_hA)morc (hl_hcl)(h7_h6)
Hé s6 1am néng COP:
COP — (hZ - h3)m0rc Ij: (h7 - h8)mvcr
— m
(}11 4) orc (4)

_(h,—hy) (h —h)(h —hy)
(hl - h4) (hl - h4)(h7 - he)
Trong cong thuc trén. hs: enthalpy vao bom mdi chét, hs:
enthalpy vao dan lanh, hs: enthalpy ra khéi bom moi chat.
- Tinh cho chu trinh Rankine hiru co
Wexp =My (hl - hzs) (%)

~ Cong thire trén: Wexp: cong suat may dan no sinh ra. hs
dang enthalpy ra khoi may dan né.

m,, [w] (6)
npump

Vi 1ymp © €ONG SUAL Clia bom. has: déng enthalpy ra

W —

pump

khél bom, Wpump . Céng SUéV.t bO'm.
Pb = morc (hl _h4)

()
Véi: Py: cong suat cap nhiét cho thiét bi sinh hoi
Wnet :Wexp _Wpump (8)
Véi: Whet: €Ong thuc sinh ra cta chu trinh Rankine hitu co
W
Mo = net )
R
V6i: nore: hiéu suat chu trinh Rankine hiru co
W h, —
Wm :_nm:(h_hh)nexp_ - h3 (10)
morc pump

V6i: Wi V6 ti SO Whet: VA 7exp, Morc.: hiéu suat, dang
enthalpy cta may dén né.
- Tinh cho vong tuan hoan lanh

Wcom = Wexp

(11)
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Cong thirc trén. Weom: €6ng sut may lanh:

Wcom = mvcr (h7$ - h6)

Cong thic trén. hss: déng enthalpy ra khoi may nén
Hé sé 1am lanh cua may lanh:

(12)

h,—h
COP,, = % =t 5 (13)
Wcom h7s - h6
Cong thirc trén, Qeva: cONg suét 1am lanh
Ti s &p suat vao va ra ciia may nén
P
R=—1E (14)
PG

Cong thuc trén, Pzs: &p suat ra khoi may nén; Pe: &p
suat vao may nén,
COP

CR — ver
R

Cong thirc trén, CR bang ti s6 COPyrva R
Hé s6 COPs caa toan hé théng:
COPS = UOFCCOPVCI' (16)

Chon thdng sb 1am viéc: Nhiét do ¢ thiét bi sinh hoi
55°C~95°C. Nhiét d6 ngung tu 35°C, 40°C, 45°C va 50°C.
nhiét d6 bay hoi 1°C~7°C. May dadn ng. may nén lanh, bom
moi chat véi hiéu suat dépg enthalpy lan Iuot la 0,85, 0,80 va
0,90. Nhiét lugng cung cap cho thiét b sinh hoi 1a P, = 2kW.

Chon c4c mdi chat tinh toan: R22, R600, R601, R123.
R1234ze, R134{a, R‘152a, R227ea, R245fa, R717, Ruou,
R718. Dung phan mém NIST dé xac dinh cac tinh nang vat
1y nhu: Nhiét d6, ap suat, enthalpy, entropy, thé tich va cac
théng s6 khac.

Gia dinh:

(1) Hé théng hoat dong 6n dinh;

(2) Khong tinh dén ton that &p suat, ton that nhiét trén
duong ong va tai cac thiét bi trao doi nhiét;

(3) Qué trinh tiét luu ding enthalpy.

(15)

4. Tinh toan va phan tich két qua
4.1. H¢ s6 1am néng va lgnh COP ciia cac moi chat
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Hinh 3. Hé sé 1am lanh COP véi cac moi chat khac nhau

Hinh 3 biéu thi mi quan hé cua cac loai moéi chit voi
hé s6 1am lanh COP tuy theo nhiét d6 thay dbi. Tir Hinh 3
ta thiy, nhiét do sinh hoi tang 1én thi hé s 1am lanh COP
cua tat ca cac mdi chit déu tang theo. Tai cling nhiét do
sinh hoi cac méi chat c6 hé sé 1am lanh COP khéc nhau.
M®i chat R717, Rugu va R718 dat dugc hé sb 1am lanh
COP cao. M6i chat R134a, R227eca va R245fa dat duoc
hé s6 1am lanh thap nhit cu thé tai nhiét d6 sinh hoi 91°C,
COP cua R718 dat dugc trung binh 0,8 nhung R134a dat
trung binh 0,66.

Hinh 4 thé hién tly theo nhiét d6 sinh hoi khac nhau ma
hé s6 lam néng COP cua cac mdi chat khéac nhau.

Tir Hinh 4 ta nhan thiy, nhiét do sinh hoi ting cao thi hé
s6 1am néng COP cac méi chét ciing ting cao. Tai nhiét do
sinh hoi khac nhau thi hé s6 1am néng COP cua cac mdi chat
ciing khac nhau. Cac méi chat R717, Ruou, va R718 ¢6 hé sb
lam néng COP cao twong dwong nhau. Cac mdi chat R227ea,
R1234ze va R134a c6 hé sb lam néng COP thap nhit. Cuy thé
nhiét do tai thiét bi sinh hoi 95°C hé s lam néng cua méi chét
R718 la 1,8 trong khi R227ea nho nhét bang 1,58.

® t1=55C
@t1=79°C

Ht1=61C
H11=85C

Bt1=67C
8t1=91C

1.9 - Bt1=73C
1.8 A
1.7 A
1.6
15 A

14 4 il

Hé s6 lam nong COP
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Hinh 4. Hé s6 lam néng COP v4i cac mdi chdt khac nhau
4.2. Céc thdng sé dnh hwéng dén hé théng

Hinh 5 biéu thi sy anh huong cua nhiét do bay hoi doi
voi hiéu suat chu trinh Rankine hitu co. Tt Hinh 5 ta biét
duoc hiéu suat cua chu trinh Rankine hitu co #orc ting 1€n
khi nhiét d¢ tai thiet bi bay hoi tang 1én. Nhiét do sinh hoi
tang tir 55°C den 95°C thi hi¢u suat chu trinh Rankine hitu
co tang tr 0,01 dén 0,11.

012 -
0.10 + —+—R123
-=-R1234ze
0.08
-+ R134a
2 0.06 —-R152a
—+-R227ea
0.04
R22
0.02
0.00

55 65 75 85 95
t/C
Hinh 5. Anh huéng cua nhiét dg sinh hoi
doi vdi hiéu suat chu trinh Rankine hitu co
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Hinh 6 biéu thi Wi V6i ti 56 Whet VA More ty thudc vao
nhiét d6 sinh hoi. Tir hinh 6 ta nhan thiy W, tang 1én khi
nhiét do bay hoi tang 1én. Cu thé ddi véi mdi chit R152a &
nhiét o sinh hoi 55°C thi Wy=2,5 nhu khi nhiét d6 sinh hoi
& 95°C thi W= 23, nhu viy ting trung binh gip 10 lan.
Nguyén nhan nhu sau: tir cong thirc (10) ¢6 thé nhan thiy
nhiét d6 sinh hoi tang 1én cao nhung dudng nhu nhiét do
ngung tu khong doi, hy tang vai hys khoang cach 16n nhung
has V& hs thay d6i khong lon dan dén Wy, ting rat nhiéu.

25 -

20 1 —+-R123
<15 | -#-R1234z¢
2 R134a
[%2)

210 —«-R152a
X
£ —*-R227ea
2 5
R22
0 \

55 65 75 85 95
t,C
Hinh 6. Anh hirong cua nhiét g sinh hoi doi Véi W

Hinh 7 biéu thi hé s 1am viéc cua hé thbng COPs tlly
theo nhiét do sinh hoi. PSi véi tt ca mdi chat thi hé s6
COP;s tuy theo nhiét d6 ty tang cao thi tang cao, R227ea co
hé s6 COPs thip nhat, nhiét d¢ tai thiét bi sinh hoi ting 1én
1°C thi hé s6 COPs ting binh quan 2%. Tht ty cAc moi chat
c6 COPs tr «cao dén thip nhu sauw

R123>R152a>R22>R134a>R1234ze>R227ea

0.80 -
0.70 1
0.60 1
0.50 ~+R123
g 040 | = R1234z¢
3) R134a
030 7 < R152a
0.20 1 - R227ea
0.10 A R22
0.00

55 65 75 8 95
t/C
Hinh 7. Anh huong cua nhiét dg sinh hoi doi véi hé s6 COPs va
nhiét d¢ ngung tu doi véi hé so lam viéc cua hé thong

Hinh 8 biéu thi mi quan hé giita hiéu suét 5o cua chu
trinh Rankine hitu co ddi véi nhiét d6 ngung tu. Tir Hinh 8
ta nhan thay nhiét d6 ngung tu tang 1én thi 5orc giam xudng.
Cu thé tai nhiét d¢ 35°C cac moi chat R123, R152a, R22,
R134a, R1234ze va R227ea ddi Vi #ore €O CAC gid tri trong
ung: 0,1285, 0,1238, 0,1239, 0,1142, 0,1112 va 0,0973
nhung tai nhiét d6 ngung tu 50°C thi c4c moi chat trén co
forc Qidm nhu sau: 0,0958, 0,0895m, 0,0879, 0,0816,
0,0798 va 0,0687.

Hinh 9 biéu thi méi quan hé gitra hé s6 1am lanh COP
dbi voi sy thay d6i nhiét d6 ngung tu. Tir Hinh 9 ta nhan
thdy, tat ca cAc mdi chét lanh c6 COPy giam xudng khi

nhiét d ngung ty tang cao. Cu thé nhu sau: Tai nhiét do
ngung tu 35°C c4c mdi chat R123. R152a. R22.R134a.
R1234ze va R227ea c6 COP. phén biét 149,07, 8,84. 8,60,
8,60, 8,58 va 8,17. Nhung tai nhiét d6 ngung tu 50°C céc
moi chat trén c6 COPy lan luot giam 5,52, 5,30, 5,08,
5,02,4,99 va 4,51.

0.14 -

-—R123
R134a
—~—R227ea

-R1234ze
~R152a
R22

0.13 A
0.12 A
0.11 A
0.10 A

nUI’C

0.09 A

0.08 -

0.07 A

0.06

35 40 45 50
Nhiét do ngung tu (C)
Hinh 8. Anh huéng cia nhiét dg ngung tu déi véi hé 6 yore

10 7 —R123 ~R1234ze

9 R134a -—R152a
—R227ea R2
8 -

COPver
(o)) ~
/

4 T T T Y
35 40 45 50

Nhiét dé ngung tu (°C)

Hinh 9. Anh huong cia nhiét dé ngung tu ddi véi hé s6 COPyer

1.2 -+
1.1 +
1.0 +
0.9 H
0.8
0.7 -
0.6 -
0.5 H
0.4 H
0.3 A
0.2 , , , ,
35 40 45 50
Nhiét dd6 ngung tu (°C)

Hinh 10. Anh hwéng cua nhiét dg ngung tu doi véi hé sé COPs

Hinh 10 biéu thi mdi quan hé gitra hé sé lam lanh toan
hé théng COPs d6i voi sy thay d6i nhiét d6 ngung tu. Tir
Hinh 10 ta thiy, tat ca cac mdi chat c6 hé sé 1am viéc COPs
tdy theo nhiét o ngung tu ting 1én hodc giam xuéng. Cu
thé tai nhiét d6 ngung tu tir 35°C dén 55°C moi chat R123
c6 COPs c6 gié tri bang 1,18 giam xudng 0,55 nhu vay ti I¢
trung binh giam 53,3%.
4.3. Anh hwong cia nhigt dp bay hoi doi véi hg sé lam
lgnh cria chu trinh COPver

Hinh 11 biéu thi méi méi quan hé giita COPy V6i Su
thay ddi nhiét do bay hoi. Tir Hinh 11 ta thiy, tat ca cac

—-—R123
R134a
—-R227ea

-R1234ze
—R152a
R22

COPs
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moi chit ddi véi hé sé COPye tang 1én tly theo nhiét do
bay hoi ting cao. Cu thé nhu sau: Tai nhiét d6 bay hoi 1°C
cac mdi chat R123, R152a, R22, R134a, R1234ze va
R227ea dbi véi COPyr phan biét 1a 5,28, 5,10, 4,91, 4,85,
4,81 va 4,37. Nhung ¢ nhiét do bay hoi 7°C cac moi chat
trén c6 hé sé COPy €O CAc gié tri trinh ty ting nhu sau:
6,40, 6,18, 5,96, 5,91, 5,89 va 5,43.

6.5 7 —R123 =R1234ze
R134a -R152a
6.0 1 —R227ea
5 5.5 A
>
[a
o
© 50 -
4.5 A
4.0

1 3 5
Nhiét do bay hoi ('C)
Hinh 11. Anh hwéng cia nhiét dg bay hoi déi véi hé s6 COPyer
075 7 _.R123 ~R1234ze

0.70 A R134a —~R152a
0.65 4 —R227ea R22

0.60 -
£0.55 -
£ /

~
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Hinh 12. Anh hwéng cia nhiét dg bay hoi déi véi hé s COPs
Hinh 12 biéu thi méi quan hé giita nhiét do bay hoi voi
hé sb 1am viéc cua toan hé théng COPs. Tir Hinh 12 ta nhan
thdy, tat ca cac moi chat c6 nhiét o bay hoi ting 1én thi hé
s6 COPs tang 1én. Tai nhiét do bay hoi 1°C cac mdi chat
R123, R152a, R22, R134a, R1234ze va R227ea ddi véi
COPs cac gia tri lAn Iwot 0,5647, 0,5158, 0,4927, 0,4498,
0,4355 va 0,3435. Nhung & nhiét 6 bay hoi 7°C véi cac moi

~

chit trén COPs c6 cac gia tri tang 1én lan luot nhu sau:
0,6843, 0,6251, 0,5972, 0,5484, 0,5327 va 0,4270.

5. Két luan

O nodi dung nay dé suat ra nguyén ly hé thong bom
nhiét tuan hoan hitu co két hop 1am lanh dong thoi xay
dung va tinh toan tinh chit cia mé hinh. Cin ban cua viéc
tinh todn md hinh hé théng 1a nghién ciru dic tinh bién
dbi cac loai mdi chat khac nhau tuy theo nhiét d6 sinh hoi,
nhiét d6 bay hoi, nhiét d6 ngung tu, rit ra dugc cac két
qua sau day:

1) Déi voi hé sb 1am lanh va lam néng COP thi R717,
Rugu va R718 dat duoc hé sb cao hon, cOn mdi chét
R227ea, R245fa v4i R134a dat duoc hé s thip hon.

2) Nhiét do tai thiét bi sinh hoi anh huong 16n ddi véi
tong hiéu nang cua hé thong nhiét do sinh hoi tang 1°C thi
tong hiéu ning cua hé thong tang 1én trung binh 2%.

3) Mirc d6 hiéu ning trung binh ciia cac méi chat ting
Ién hodc giam xudng tly thudc vao nhiét do bay hoi ting
I&n hay giam xudng. Do la chdng ta tinh toan thiét ké hé
thdng dung chung mot méi chat khi tinh toan hé thong bom
nhiét két hop hai vong tuan hoan nén trén cin ban nang cao
nhiét d6 sinh hoi, ¢ thé giam nhiét 6 ngung tu, nng cao
nhiét d6 bay hoi.

TAI LIEU THAM KHAO

[1] Hung T.C, Shai T.Y, Wang S.K. A review of organic rankine
cycles (ORCs) for the recovery of low-grade waste heat [J].
Energy, 1997, 22(7): 66-667.

[2] Hung T.C. Waste heat recovery oforganic rankine cycle using dryfluids.
Energy Conversion and Management. 2001, 42(5): 539-553.

[3] Hirakawa Y. 14MW ORC plant installed at Nippon steel [J]. 1981.

[4] Legmann H. Recovery of industrial heat in the cement industry by
means of the ORC process [C]. Cement Industry Technical
Confernece. IEEE-IAS/PCA 44th. IEEE. 2002: 29-35.

[5] LIM S. M. Economies of ship size: A new evaluation [J]. Maritime
Policy anh Managenment. 1994. 21 (2):149-166.

[6] RYDER S. C. CHAPPELL D. Optimal speed anh ship size for liner
trades[J]. Maritime Policy anh Management. 1980, 7 (1): 55-57.

[7] TALLEY W. K. Optimal Container ship size [J]. Maritime Policy
anh Management. 1980, 17 (3): 165-175.

[8] NZEhR, ZHIL, ELFEE MIRPIRSNMEINE — &S
ARSI T 5 LUk, K HAFFIR, 2013,4.101 103.

(BBT nhdn bai: 19/9/2018, hoan t4t thui tuc phdn bién: 30/10/2018)



