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TOM TAT

Trong giai doan hién tai, khi ma cac hé thdng ndng lwong tdi tao van con dang tirmg buéc
hoan thién, swr dung khi thién nhién (NG) thay thé cho than dd dwoc xem la phirong dn cé thé cdn
bang giita bai todn ndang hrong va cdc vian dé moi tru"ong Voi trit lwong va vi trz dia ly cua Viét
Nam, viéc nhdp khau khi héa long (LNG) bang dwong bién dé bé sung vao nguon khi tw khai théac
la tat yéu. Tuy nhién, do LNG la khi tw nhién dwoc héa long & nhiét do khodng -162°C, nén tiéu ton
nhiéu nang lwong dé san xudt ciing nhie phai dwoc tai héa khi trude khi cung cap dén noi sie dung
truec tiép dan dén gid thanh cao. Do do, dé tin dung nhiét lanh ciia LNG, nhém tdc gia dé xudt so
do sir dung LNG lam nguon lanh cho chu trinh Rankine hitu co (ORC) va dong thoi la nguon cap
lanh cho cdc hé cdp triv dong trong. cdc nha may ché bién thiy hai san. Gidi phdp nay s€ cung cap
dién nang va dap vmg dwoc nhu cau sir dung lanh trong nha mdy thity hdi san von ciing thuong
dwoc xdy dung gan bién ciing la vi tri xdy dung cdc tram tdi héa khi LNG. Hiéu qua ciia viéc thu
héi nhiét lanh duwoc tinh todn va phan tich dva trén hiéu sudt nang luwong va hiéu sudt exergy. Hiéu
sudt exergy cao nhat la 29,29%, véi cong sudt phat tong dat 13,762 MW khi tram LNG lam viéc véi
nang sudt tdi héa khi 1a 3 triéu tan/nam va lwong nhiét lanh thu hoi d@é ccfp lanh la 6 MW. Cac tinh
todn trong bai bdo dwoc thwc hién bang phan mém EES (Engineering Equation Software).

T khéa: Tdi héa khi LNG; Thu hoi nhiét lanh LNG; Chu trinh ORC; Cap trit déng; Chu
trinh CO,; EES.

ABSTRACT

In the current stage of ongoing development in renewable energy systems, utilizing natural
gas (NG) as a substitute for coal is considered a solution that balances energy and environmental
concerns. Given Vietnam's reserves and geographical location, it is essential to import liquefied
natural gas (LNG) by sea to supplement domestically extracted gas. However, LNG, which is
natural gas liquefied at a temperature of approximately -162°C, requires significant energy
consumption for production and needs to be regasified before direct usage, resulting in high costs.
Therefore, to leverage the cooling potential of LNG, the authors propose a scheme that utilizes LNG
as a refrigerant for an organic Rankine cycle (ORC) and simultaneously as a cooling source for
refrigeration systems in seafood processing plants. This solution provides power generation and
meets the cooling demand in seafood processing plants, which are often located near the coast,
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where LNG regasification stations are also built. The efficiency of heat recovery is calculated and
analyzed based on energy and exergy efficiency. The highest exergy efficiency achieved is 29.29%,
with a total power output of 13.762 MW when the LNG station operates with a regasification
capacity of 3 million tons/year and recovers 6 MW of cooling heat. The calculations in the paper
are performed using the Engineering Equation Software (EES).

Keywords: LNG regasification; LNG heat recovery; ORC cycle; Cold storage; CO, cycle;

EES.
1. GIOI THIEU

Theo xu huéng cat giam phat thai khi
nha kinh, cac hé théng st dung nhién li¢u hoa
thach nhu than d4 dang dan dugc thay thé bang
cac ngudn ning luong tai tao. Tuy nhién, voi
nhu cau hién tai, ngudn cung tlr nang luong tai
tao van chua dap tung du va on dinh, do d6 khi
dbt tu nhién (natural gas) dang dwoc xem la
ngudn ning lugng thay thé chinh, it phat thai
trong giai doan hién nay va twong lai gan. So
vo6i déq HFO, lugng khi CO, sinh ra tir qud
trinh dot khi thién nhién it hon 25%, luong
NOx giam di khoang 80%, hau nhu khong phat
thai khi SO, va tao ra cac hat bui’ min lo ltng
trong khong khi [1]. V&i cac quoc gia co tri
lwong khi dbt khong phong pha, khi ty nhién
c6 thé dugc nhap khau thong qua hé thong 6ng
dan hoic duéi dang khi hoa long LNG bang tau
bién khi khoang cach giita noi tiéu thu va san
xuét vuot qua 2000 km, hodc bi ngan cach boi
dai duong. Viéc nhap khau LNG b?mg tau bién
gitip da dang héa ngudn cung, tranh phu thudc
vao mot ngudn duy nhéat. Han ché cua viéc
stt dung LNG 1a gia thanh twong ddi cao lién
quan dén chi phi san xuat LNG [2]. Viéc hoa
long khi ty nhién bang phuong phap lam lanh
dén nhiét do -162°C gitp qua trinh van chuyén
duoc thuan loi, tuy nhién no lai tiéu tdn mot
luong niang lugng dang ké, udc tinh khoang
805 kWh dién/tin LNG [3]. Pong thoi, LNG
sau khi dugc nhap khau lai phai duoc tai hoa
khi lai thanh NG dé phan phdi dén khach hang

st dung. Qua trinh nay co thé duge thuc hién
bang cach lay nhiét cia nudc bién, hoic cp
nhiét bang qua trinh d6t khi dé hoa khi LNG.
Véi phuong phéap nay, cac tram LNG khi van
hanh s& tiéu t6n thém ning luong, it nhiéu anh
hudng dén hé sinh thai tai tram tai hoa khi LNG
cling nhu khong thé sir dung lai duoc nhiét do
thap ciia LNG.

Véi nhiét @ -162°C, nhiét lanh cua
LNG c6 thé dugc tan dung trong cac mg dung
dién hinh nhu 1am ngudn lanh trong chu trinh
ORC, cap lanh cho cic nha may cap, trit dong,
chung cit va phan tach khong khi, ting hiéu
qua chu trinh thiét bi dong luc hoi nudc va chu
trinh Brayton [4]. Trong d6, phuong an tan
dung LNG lam ngudn lanh cho chu trinh ORC
va cung cap lanh cho cac kho cap trit dong rat
dugc quan tdm. Nghién ctru cua Dispenza va
cac cong su [5] [6] da danh gid kha nang thu
hoi exergy cia LNG long théng qua chu trinh
Rankine lam viéc voi Helium. Nhém Wang
Qiang [7] d4nh gia hiéu qua cua so do sir dung
nhi¢t lanh cia LNG trong chu trinh ORC két
hop qua trinh gidn nd LNG dé tin dung lai
ap nang LNG. Két qua cua nhom Alessandro
Franco va cong su [8] cho thay khi ap dung chu
trinh ORC v6i mot s6 hiéu chinh, cong suét phat
c6 thé dat tir 8,3 dén 11,4 MW néu nang suét tai
hoa ciia LNG 1a 80 kg/s. Ngoai ra, nhiét lanh tur
qua trinh tai hoa khi LNG ciling dugc st dung
trong céc nha may cap dong, trir dong thiry hai
san va thyc pham. Li va cong su [9] da thuc
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hién nghién ctru st dung nhiét lanh LNG dé ha
nhiét d¢ ngung tu trong chu trinh may lanh R32
v6i nhiéu cép nhi¢t d§ khac nhau, tor d6 giam
cong suat cia may nén. Trong nghién ctru cua
K.H. Yang [10], nhiét lanh cia LNG dugc st
dung d¢ 1am lanh dung dich glycol va sir dung
bom dé phan phdi dén ngudn st dung. Phuong
an nay gitp nhi¢t lanh LNG duogc tan dung hi¢u
qua hon, khong ti€u hao nang lugng cho may
nén khi nhu cau sir dung lanh & cac nhi¢t do
khac nhau. Ngoai ra, ngudn nhiét lanh nay ciing
c6 thé ap dung trong cac ung dung diéu hoa
khong khi. Két qua ciia nhém Sermsuk [11] cho
thdy c6 thé tiét kiém duoc 9,78 triéu USD va
cdt giam 33772 tan CO, phat thi mdi nam néu
str dung nhiét lanh LNG trong céc trung tam
dir liéu thay vi sir dung cac hé thong diéu hoa
khong khi trung tdm truyén thong.

V6i quy hoach dién VIII vira duogc
phé duyét, tong cong suit dién nang duoc san
Xuét tir nguén LNG nhap khéu dat gia tri tbi
da 22400 MW vao nam 2030. Tuy nhién, Viét
Nam chi dang trong giai doan 1én ké hoach va
bat dau xay dung cac co sé ha ting phuc vu
cho viéc nhap khau va phan phdi LNG. Pay
la thach thirc nhung ciing 1a loi thé dé Viét
Nam c6 thé trién khai cac giai phap tan dung
lai nguén nhiét lanh cua LNG dé nang cao hi¢u
qua cac hé thong sir dung khi dét ca vé& mat
kinh t& 13n ning luong. Véi bo bién dai, quy
mo nganh thuy hai san 16n, nén Viét Nam cé
nhu ciu cao vé lanh dé cap va trit dong. Do
do, viéc tan dung lai nhiét lanh ctia LNG dép
tmg cho nhu ciu nay hira hen rat tiém ning.
Pong thoi, dé khai thac hét lugng nhiét lanh
thu dugc tir qua trinh tai hoa khi LNG, c6 thé
két hop thém véi chu trinh ORC dé phat dién
[3]. Vi vy, trong bai bio nay, nhom tac gia dé
xuét so dd tan dung nhiét lanh cua LNG dé vira
lam nguon lanh cho chu trinh ORC, vira cip
lanh cho cac nha may thuy san. Trong chu trinh

ORC, Propane dugc lya chon 1a moéi chit lam
viéc, nude bién dong vai tro 12 ngudn ndng cia
chu trinh va qua trinh ngung tu dugc lam mat
bang LNG. Pé cap lanh cho cac qua trinh cép
va trir dong, CO, lréng duoc lua chon 1am chét
tai lanh tor LNG dén khu vyce st dung lanh bén
trong nha may. Bai bao sir dung phan mém EES
(Engineering Equation Software) dé tinh toan
va phan tich hiéu qua so do thu hdi nhiét lanh
trong céc truong hop véi tram tai hoa khi nang
suat 1an luot 14 1 tridu tin/nam va 3 triéu tan/
nam, ning suét lanh yéu ciu ciia cac nha may
duoc chon ¢ hai muc la 6 MW va 12 MW. Cac
thong s6 nay dua trén thong sd cua cac tram
tai hoa khi dugc quy hoach trong thoi gian
téi tai Viét Nam. Hi¢u qua cua chu trinh duoc
danh gia dua trén hai tiéu chi I3 hiéu suat ning
luong (energy efficiency) va hiéu suat exergy
(exergy efficiency). Trong bai bado, LNG duogc
gia thuyét 1a hoan toan 100% methane, khong
c6 14n tap chat.

2.SOPONGUYENLY VA MO HINH TOAN

2.1. So' @6 nguyén ly chu trinh tin dung nhiét
lanh LNG dé dong phat dién va cip lanh

Hinh 1 thé hién so dd nguyén Iy cta hé
théng tan dung nhié¢t lanh cua qua trinh tai hoa
khi LNG dé phat dién va cép lanh. LNG khi
nhap khau thuong ¢ trang thai co ap suat P,
= 1,2 bar, nhiét d0 t = -162°C, dugc bom P1
tang ap va day qua cac bo trao doi nhiét HE1,
HE2, HE3, HE4 dé duoc tai hoa khi. Dé cung
cép dén noi st dung, LNG ra khoi tram tai hoa
khi c6 nhiét dQ t  thuong d}ch duy tri»tro‘ng
khoang tir 0 dén 5°C, 4p §uét p,, ¢0 thé nam
trong khoang tir 20 bar dén 70 bar, tuy thudc
vao nhu cau st dung. Trong bai bao, ap suit
LNG sau bom P1 1a 7 MPA va tai dau ra cua
tram tai hoa khi la 3000 kPa. Nhiét lanh cua

LNG sé& duoc thu hdi lai tai bd trao ddi nhiét &
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HEI va HE2. Tai bd trao d6i nhiét HE1, LNG
nhan nhiQt ttr qua trinh ngung tu cua dong CQ2
bdo hoa am di tr nha may dong lanh tro ve.
Dong CO, long ra kl}(")i HEI s€ dugc bom P,
dua tdi1 cac bd trao doi nhiét trong nha may. Tai
nha méy, CO, lam lanh khong khi trong khu
vuc cap dong, trir dong va lam lanh dung dich
glycol dé duy tri nhiét do cua cac khu vuc nay
lan lugt 14 -40°C, -25°C va 5°C tuwong Gmg voi
ba muc dich sir dung 1a cip dong, trit dong va
cac hé cung cap nude lanh va diéu hoa. Véi didu
kién nay, nhi¢t d6 ngung tu cua CO, tai HEI
duoc lua chon tai -50°C. Sau bo HE1, LNG tiép
tuc dugc tai hoa khi tai bo trao doi nhiét HE2.
Tai day, LNG s& dong vai tro nhu ngudn lanh
ctia chu trinh ORC vé&i chét 1am viéc bén trong
1a Propane. Tai thiét bi bay hoi HES, nudc bién
cap nhiét cho propane dé chuyén tir trang thai
long R2 thanh hoi qué nhiét R3. Hoi R3 gian
nd qua tuabin T2 thanh hoi R4 di vao bo trao
ddi nhiét HE2. Tai HE2, propane nha nhiét cho
dong LNG dé ngung tu thanh long R1, sau do
qua bom P2 dé hoan thanh chu trinh ORC. Véi
chu trinh nay, viéc sir dung LNG lam ngudn
lanh gitip tang hiéu suat chuyén d6i nhiét ning
ciia nudc bién thanh cong quay tuabin T2.
Trang thai cia LNG di ra bo HE2 c6 nhiét do
cang cao thi lwong nhiét lanh thu héi duoc s&
tang 1én, tuy nhién no s& giam hiéu suit ciia chu
trinh ORC do nang nhiét d§ ngung tu ciia moi
chat trong chu trinh ORC. Do d6, trong so do
nay chap nhan mot phan qua trinh tai hoa khi
s& dugc thuc hién bang nudc bién tai bo trao
d6i nhiét HE3. LNG ra khoi HE3 duoc gian no
qua tuabin T1 dé tan dung thém phan ap ning.
Qua trinh gidn nd nay cling lam giam nhiét do
cia LNG nén dé dat duoc nhiét do phu hop,
LNG dugc gia nhiét mdot lan nita qua bd trao
d6i nhiét HE4 voi nhiét nang ciing duoc 13y tir
nude bién. Cac thong s6 1am viéc cua hé théng
dugc trinh bay chi tiét trong bang 1.
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Hinh 1. So dé nguyén Iy hé thong tin dung nhiét
lanh ciia LNG dé déng phat dién va lgnh

Bdng 1. Cdc théng s6 lam viéc ciia hé thong

Théng s6 Ky hiéu | Giatri
Luu lu(jngALNAG tai hoa, G 1-3
tri€u tan L
Ap sudt LNG dau vao, kPa P, 120
Nhiét 46 LNG dau vao, °C t, -162
Ap suét cia LNG sau bom
P1,kPa P, 70000
Ap suat dau ra ciia LNG,
Pa P, 3000
Nhiét do dau ra caa LNG,
oC t, 0
Thay d6i nhiét do nudc
bién qua cac b trao doi AT 7
nhiét, °C
Nhiét do nuée bién vao bo . 30
trao doi nhiét, °C so
Ap sut nu6e bién sau bom,
KPa P, 300
Nhiét d6 ngung tu cua dong ¢ 50
CO,,°C cl
Hiéu suat thuén nghich cua . 0.9
bom P
Hiéu suét thuan nghich cua
tuabin Mr 0.85
Ton ap cua LNG, propane deltap 0.03

cac qua bo trao doi nhiét, %
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Béng 2 trinh bay chi tiét vé tai lanh ctia
nha may cap trlr dong tai cac ung dung vdi
nhiét d6 lam viéc khac nhau.

Bang 2. Tai lanh twong wng voi cdac nhiét do sw
dung khdc nhau trong nha mdy

s Nha may 12
Nha may 6 MW MW
Nang Nang
Ty1¢ | suat | Tylé | suit
lanh lanh
Tai lanh khu o 1,2 N 2,4
vuc -40°C 20% MW 20% MW
Téi lanh khu o 0,75 o 1,5
vuc -25°C 12,5% MW 12,5% MW
Téi lanh khu o 4,05 o 8,1
vue 5°C 67,5% MW 67,5% MW

2.2. Phwong trinh toan

Cac qué trinh nhi¢t dong xay ra bén
trong cac thiét bi cta so dd dugc thé hién trén
phan mém EES dé tinh toan trang thai va cac
thong s6 ning luong nhu nhiét lugng va cong
suat. Cac thong sb sau dugc tinh dé danh gia
hiéu qua thu hoi nhiét lanh LNG.

Cong suat phat tong tir toan bo chu
trinh:

Wnet - WTI + WT2 - (WPI + WpZ + Wsw) (1)
Nhiét lanh thu héi duge tir chu trinh CO;:

Qcoz - QHEI 2)

Trong chu trinh nay, do nha may dong
lanh st dung nhiét lanh tir qua trinh tai hoa khi
LNG, nén sé tiét kiém duge mot phén cong suét
dé chay may lanh truyén théng. C6 thé sir dung
hé s6 ERR [3] tham chiéu dé xac dinh phﬁn
cong suat nay. Tir d6, cong sudt phat tong tuong

duong tir chu trinh ¢ thé x4c dinh nhu sau:

W .=W tW

net,eq - Wnct+ Q EERREF (3)

COz,cq COZ/

Theo [5], EER = 3,128.

Hiéu suit cia chu trinh LNG:

W1 +Wecoz,eq—Wsw,LNG &)
Que1+QuE2 +QuEz +QHEs

Hiéu suét cua chu trinh ORC:

NLNG =

Wz — Wow ore (5)

MNorc Quies

Hiéu suat tong cua chu trinh:

Wnet,eq 6
Que1+QuEz+QuEz+QuE4+QHES

NtoTtaL =

Ngoai ra, bai bao ciing sir dung hiéu suét
exergy dé danh gia dugc luong exergy thu hoi
dugc tir dong LNG nhu sau:

Wy +Wpo+ AEXAIZ +AEXA34_ +AEXGL12 7)

NEx TOTAL (Wpy+Wpa +Wew ) +Gr (exy7—exp1)

Voi:

AEx, .1a d6 lon bién thién Exergy cua

khong khi qua dan lanh trong khu cip déng
-40°C.

AEx,,, 1a do 16n bién thién Exergy cua
khong khi qua dan lanh trong khu trir dong
-25°C.

AEx_, , 1a d6 16n bién thién Exergy ctia

dong dung dich glycol v6i nong do glycol 1a
30%.

Ty 1¢ nang lugng st dung dugc tir nhiét
lanh LNG:
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WhettQco
Nre = - = ®)
Gr(hi7—hr1)

Khi tinh toan, gia thiét cac thiét bi
khong trao do6i nhiét vai khong khi moéi truong
xung quanh.

3. KET QUA VA PHAN TiCH

Véi so do duoc gidi thiéu trong hinh 1,
nhiét lanh cuia LNG dugc thu hdi c6 thé phuc
vu dé cung cép lanh truc tiép va san sinh dién
thong qua cac tuabin T1 va tuabin T2. Do lugng
nhiét lanh duoc thu hdi phu thudc vao nhu cau
sir dung thuc té trong nha may nén hi¢u qua tan
dung nhiét lanh ciia LNG co ban phu thude vao
trang thai LNG ra khoi bo trao doi nhigt HE2.
Néu ting nhiét do t,, cua LNG ra khoi HE2, co
thé gia ting hrong nhiét lanh thu hoi nhung lai
giam hiéu suat ciia chu trinh ORC. Do d6, két
qué ciia bai bao s& xac dinh nhiét d¢ t, , dé toi uu
hi€u qua tan dung nhiét lanh LNG, tir d6 lam co
s& dé tinh toan cho cac truong hop cu thé.

3.1. Xac dinh gla tri nhi¢t do t , cia LNG ra
khéi b trao ddi nhiét HE2

Hinh 2 cho thdy anh hudng cta nhiét
do t, cia LNG lén hi¢u suat nang luong cia
cac chu trinh ORC, chu trinh LNG va ca chu
trinh. Nhin chung, nhiét d0 t , it anh huong 1én
hiéu suit cta chu trinh LNG tuy nhién, hi¢u
sudt nang lugng cua chu trinh ORC glam nhanh
theo chleu tang cua t dan dén hiéu suét ning
luong tong clia ca chu trmh cling phu thugc vao
gia tri nhi¢t d§ nay. Tru truong hop nang suat
tai hoa khi 13 1 triéu tAn/ndm va ning suat cip
lanh 1a 12 MW (hinh 2b), cac truong hop con
lai déu cho ra diém cuc tri ctia hiéu suit ning
luong tong theo t , trong day gia tri khao sat.
Trong cac truong h0’p khao sat, hiéu suit ning
luong tong ctia hinh 2b 1a cao nhit dat 19,77%,

va hiéu suat ning lugng téng c6 xu hudng giam
khi lugng nhiét lanh thu hoi dé cap lanh giam
v6i cung mdt ndng suat tai hoa khi.

...............
5w

Twaora

a) Nang sudt tai hoa khi 1 MPTA
Nang sudt cap lanh truc tiép 6 MW
Piém t6i uu t,,=-70°C; npp,, = 14,38%

* W

5kl

.ll -l + <
a (€]

b) Nang sudt tai hoa khi 1 MPTA
Nang sudt cap lanh tryec tiép 12 MW
Piém toi uu t,,=-70°C; nppy, = 19.77%

& &
W [E

¢) Nang sudt tdi héa khi 3 MPTA
Nang sudt cap lanh truc tiep 6 MW
Diem toi vu t,= -70°C; Mo = 11, 75%
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i
e, FOfaL 1
a

u, F] g L ag F a 1 =

& 1] & e
ks Ol gall"C)

d) Néng sudt tai héa khi 3 MPTA
Niéng sudt cdp lanh triee tiép 12 MW

2%

¢) Nang sudt tdi héa khi 3 MPTA
Nang suat cap lanh truc tiecp 6 MW

Diém toi wu t,, = -70°C; i, = 13% Diém t6i wu t,,= -62°C; 1,y 1 = 29,25%
Hinh 2. Anh huong cua nhi¢t do t, lén hi¢u suat .
nang luong cua chu trinh khi lam viéc voi cac nang as, :
sudt tdi héa khi va nang sudt cdp lanh khéac nhau : s T

s

wavoran [

L] 0 &) E 0

'”u.ﬁ-:l
a) Nang sudt tdi héa khi 1 MPTA
Ndng sudt cdp lanh triee tiép 6 MW
Diém toi wu t,,= -58° =28,37%

C’ ”EX TOTAL

) o a a
b €]

b) Nang sudt tdi héa khi 1 MPTA
Niéng sudt cdp lanh triee tiép 12 MW
Diém toi wu t,,= -48° =27,7%

C’ nEX TOTAL

C -
O g

“wure
d) Nang sudt tai héa khi 3 MPTA
Nang suat cap lanh truc tiep 12 MW
Diém toiwu t,,= -60°C; 1y 1o, = 28,75%
Hinh 3. Anh huong cua nhiét do t,,lén hi¢u suat
exergy cua chu trinh khi lam viéc voi cac nang
suat tai hoa khi va nang suat cap lanh khac nhau

~ Anh huong cua nhiét do t, Ién higu
suat exergy tong cua so do dugc thé hién trén
hinh 3. So v&i hiéu suét nang luong, hi¢u suét
exergy cua chu trinh déu ¢ gia tri tdi uu trong
day nhiét do khao sat. Trong cac truong hop
khao sat, gid tri nhiét o t,, img v6i céc diém
toi uu nay cao hon so vdi cac diém toi uu ve
hiéu suat nang lugng. Két qua nay co thé dugc
giai thich do trong cong thtrc hiéu suit ning
luong, chu yéu quan tam giita thanh phan cong
suét thuc sinh ra so voi nhiét luong cép vao
cho chu trinh, trong khi dé, hiéu suit exergy &
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c6 lién quan dén cac dong exergy cip vao qua
trinh nhu cong sudt tiéu ton cho cac bom LNG,
bom trong chu trinh ORC va nuéc bién, nén gia
tri t, thap s€ tang luu lugng nuoc bién qua b
trao d01 nh1et HE3, tang cong suat bom P2 dan
dén chua téi uu vé hiéu sudt exergy. Can luu
y 1a trong so d0 nay, nudc bién dong vai tro 1a
ngudn nhiét cip vao cho propane va LNG trudc
khi gidn nd qua cac tuabin va day la cac ngudn
nhigt mién phi, exergy do nuéc bién mang vao
khong déng ké, do do nhiét do t,, s& duoc lya
chon theo diém tbi vu cua hiéu suat exergy dé

lam thong s tinh toan tiép theo.
3.2. Két qua tinh toan cac trwdong hop dién hinh

Vi gia tri cua nhi¢t do t , xdc dinh
duoc tir theo gia tri t01 uu cua hi¢u suét exergy,
cac dai lugng cong sudt, nhiét lugng, luu lugng
cua cac dong luu chét, céac loai hiéu suit la ty
1é thu hoi LNG cua so do tn dung nhiét lanh
LNG dé ddng cip lanh va phat dién dugc tinh
todn va trinh bay trong bang 3.

Bdng 3. Két qua tinh todn so do tin dung nhiét Zanh LNG dé cap Zanh va phat di¢n voi nhiét do t, , dwoc

xdc dinh theo gid tri toi wu ciia hiéu sudt exergy

TH1 TH2 TH3 TH4
G, (MTPA) 1 1 3 3
Qup, (MW) 6 12 6 12

t,(°C) -58 48 -62 -60
G (kefs) 26,44 16,51 100,7 90,19
G, (kg/s) 35,02 70,03 35.02 70,03
Gy, (kg/s) 855,5 604,7 3077 2821
Q. (kW) 11339 6961 43418 38791
Q,,p;, (kW) 7951 6329 26452 25078
QHE4 (kW) 2651 2651 7954 7954

Qs (kW) 13244 7898 51312 45576

W, (kW) 2401 2401 7203 7203

(kW) 2207 1124 9042 7813
W (kW) 570,4 570,4 1711 1711
W, (kW) 25,74 15,27 99,3 88,42

o (kW) 187 132,2 672,6 616,7
Wm (kW) 3825 2808 13762 12600

g (KW) 5743 6645 15681 16437
MNronsy, (%) 13,94 18,54 11,6 12,7

Moy roma-MaxX (%) 28,39 27,76 29,24 28,8

M, (%) 33,57 50,6 22,51 28,02
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Nhin chung, hiéu suit exergy cia cac
truong hop chénh léch khong dang ké trong
khi hiéu suit niang lugng c6 su thay ddi theo
ning suét tai hoa khi va lugng nhiét lanh thu
hdi duoc st dung dé cap lanh truc tiép. Voi
cac truong hop phan tich, cung mét luu lugng
LNG, céc thong sb nang luong lién quan dén
bo trao doi nhiét HE4 va tuabin W,Tl khong doi
khi tdng ty trong nhiét lanh thu hoi tai b trao
ddi nhiét HE1 dé 1am lanh, trong khi d6 hiéu
Suat nang lugng va ty 1€ sir dung nhi¢t lanh
dugc thu hoi tang, va 1am cho hiéu suat exergy
¢6 xu huéng giam. Két qua nay 1a do nhiét lanh
duoc thu hoi tai HE1 sé& dugc st dung truc tiép
khong phai tham gia qua trinh chuyén hoa ning
lugng tir nhiét thanh cong nhu trong chu trinh
ORC dan dén luong nhiét nay dugc bao toan.
Ngoai ra, luong nhiét can cap vao cho cac bd
trao doi nhiét HE3, HE5 giam Xuéng, nén luu
luong nude bién va cong suat tiéu hao cho bom
nude bién s& giam theo, va két qua 1a hiéu sut
ning luong cia so do sé tang 1én. Tuy nhién,
Vo1 phén nhiét lanh thu hoi dugc st dung dé
cap lanh ting 1én din dén phan nhiét lanh thu
duoc tai HE2 giam, nhiét dgf) LNG t, ra khoi
HE2 tang, lam giam hiéu suat va cong suat cua
chu trinh ORC ciing nhu cong suat phat tong
W __ cua toan so do, két qgé 1a hiéu suit exergy
cua truong hop 1 va 3 lan luot cao hon hi¢u
suét exergy cuia truong hop 2 va 4. Néu xét trén
ty 1€ thu hoi nhiét lanh duge st dung theo cong
thirc (8), ty 1¢ thu hdi nhiét lanh cao nhét tng
véi truong hop 2 14 50,6% trong khi & TH3,
gid tri ndy chi 1a 22,5%. Két qua nay cho thiy,
phuong an tan dung lai nhiét lanh cua LNG dé
lam lanh truc tiép s¢ dem lai hi¢u qua thu hdi
cao hon.

4. KET LUAN

Bai bdo da xay dung dugc cac mo hinh
toan dé phan tich hi€u qua cua so do6 tan dung

nhiét lanh ctia LNG dé vira cdp lanh va phat
dién. Cac cong cu dugc sur dung dé phan tich
13 hiéu suét nang luong va hiéu suit exergy cua
so do trong cac trudng hop co ning suét tai hoa
khi 1a 1 triéu tAn/ndm va 3 triéu tin/nam, lugng
nhiét lanh thu hoi dé lam lanh co gia tri 1a 6
MW va 12 MW. Bai béo cling da tim gia tri cua
nhiét do t,, ra khoi bo trao doi nhiét HE2 dé toi
uu ve hiéu suat nang luong va hi¢u suat exergy
ctia so d0. Két qua cho thay hiéu suit exergy
cua truc:mg hop 3 (G, =3 MTPA, ’QCOZ =6MW)
cao nhat 1a 29,29%, va cong suat phat cua so
d6 sau khi trir di cac cong suat tiéu hao boi cac
hé thong bom trong hé thong 1a 13,762 MW.
Trong khi 6, khi ting luong nhiét lanh thu hoi
tai bo trao ddi nhiét HE1 s& tang hi¢u suit nang
luong va ty 1¢ sir dung nhi¢t lanh dugc thu hoi
do phén nhiét lanh nay s€ dugc sir dung truc tiép,
khong phai bién d6i nhu trong chu trinh ORC.
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