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Tinh todn chu trinh nhiét dong co tuabin khi
O cac ché do van hanh
bang phan mém GateCyle™

Vii Blrc Manh, Ha Huy Thing, Pao Trong Thing, Nguyén Trung Kién

Tom tit—Pong co tuabin khi (PCTBK) duoc
sit dung rong rii trong linh vuc hang khong va
trén cac tau chién hai quan vi kich thwéc nho
gon, tinh co dong cao. O Viét Nam, viéc nghién
ciru, tinh toan cho loai dong co nay con it dwoce
guan tam. Trong bai biao nay, nhom tac gia
trinh bay phuwong phap xiy dung mé hinh va két
qua tinh toin chu trinh nhiét bang phin mém
cia hang General Electric tén la GateCycle™,
Két qua tinh toan cé thé sir dung cho cic nghién
ciru chuyén siu vé PCTBK hoic dé tham khao
trong qua trinh khai thac, vin hanh dgng co.

Tir khéa—Ap sudt, chu trinh nhigt, dpng co tuabin khi,
GateCycle™, nhiét dp, UGT.

1 GIOI THIEU

Déng co tuabin khi 1a loai dong co c6 nhiéu
uu diém, dugc ung dung rong rai trong linh
vuc quan su va trong cong nghiép. Viéc khai thac,
bao dudng dong co tuabin khi (DQTBK) doi hoi
nguoi st dung phai cé cac hiéu bict chuyén sau.
Tuy nhién, & Viét Nam, viéc nghién ctru, tinh toan

chuyén sau vé DCTBK con it dwoc thyc hién.

Hién nay c6 rat nhidu phan mém tinh toan chu
trinh cong tac cia BPCTBK nhu Uni_ MM (Saturn,
LB Nga), GSP (NLR- Trung tim nghién ctru vii tru
Ha Lan) va GateCyle™ (GE, Hoa Ky)... [1]. Cac
phin mém nay déu co chung nguyén ly tinh toan
dua trén cac phuong trinh trang thai nhiét, diém
khac biét cua ching la linh vuc dong co dugc tinh
toan, cach thirc xay dung mé hinh, thu vién dong
co. Trong sd cac phan mém nay thi GateCyle™ la
phin mém chuyén dung dé tinh toan cho dong co
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trong nha méay nhiét dién, dong thoi no ciing c6 kha
nang tinh toan cho cac PCTBK tau thuy [9]. Phan
mém nay c6 thu vién cac dong co phong phu (c6
hau hét dong co cua cac hing san xuit DCTBK 16n
trén thé gidi), cho phép nguoi dung sir dung mod
hinh trong thu vién hodc dung cac mé dun dé thiét
lap mo hinh méi, ngoai ra con cho phép thay ddi
loai nhién liéu va thiét lap tinh chét cho nhién liéu
moi [2, 9].

Trén tau thiy tai Viét Nam hién st dung
DBCTBK ho UGT3000R, UGT6000+ va
UGTI15000R cua hang Zorya-Mashproekt (UGT
viét tat ctia chit Ukrainian Gas Turbine). Nhimng
dong co nay la nhimng bién thé cua cac dong co
coéng nghiép UGT3000, UGT6000 va UGT15000
[3, 8]. Chiing ¢6 céu tao twong twy nhau: dong co 3
truc, may nén doc truc gdm may nén thip ap va
may nén cao ap, budng dét dang vanh éng nguoc
chiéu, tuabin gdom tuabin cao 4p 1 ting, tuabin thip
ap 1 ting va tuabin chan vit 3 ting c6 dao chiéu [3- 5].
Cac théng sb ky thuit co ban cia dong co
UGT3000R va dong co co so cuia ndé UGT3000
dugc trinh bay ¢ Bang 1, Hinh 4 va Hinh 5.

Bai bao nay trinh bay phuong phap xay dung mo
hinh tinh toan chu trinh céng tac cia PCTBK trong
phin mém GateCyle™ va mot s6 két qua sir dung
md hinh dé danh gia anh hudng ciia méi truong,
diéu kién van hanh t6i thong sb cia chu trinh cong
tac DCTBK tau thuy dong UGT, tir 6 cung cép
thong tin khoa hoc cho ngudi khai thac van hanh.

Bang 1. Thong sb k¥ thuat cia dong co UGT 3000 va UGT
3000R ¢ ché d6 dinh murc [4]

Théng sb UGT3000  UGT3000R
Cong suat N (kW) 3360 3125

Hiéu suit ne (%) 31,0 28,2

Ty s6 tang &p (un) 13,5 13,5

Nhiét d6 khi thai T, (°C) 420 428
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2 CHU TRINH NHIET CUA BCTBK

Khi nghién ctru chu trinh nhiét cia DPCTBK, cac
thong s6 thuong duoc quan tam 1a ty sd ting ap
TN=P2/p1, ty 6 ting nhiét d6 (=T3/T1[6], [7]. Trén
Hinh 1 trinh bay so d0 chu trinh thyc cia PCTBK
trong hé toa do T-s, trong d6 1-2 la qud trinh nén
trong may nén, 2-3 la qua trinh chay trong budng
d6t; 3-4 1a qua trinh gidn no trong tuabin; 4-1 1a
qua trinh lam lanh ngoai méi trudng.

Théng s6 cta céc diém trong chu trinh cong tac thuc
duogc tinh theo cac phuong trinh dudi day [6], [7].

Hinh 1. Biéu db chu trinh thyc cia DCTBK [7]
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Hinh 2. M6 hinh PCTBK trong thu vién GateCycle™
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Hiéu suit cta chu trinh bang ty le cong co ich

chia cho lwong nhiét ctia nhién lidu cip vao budng
dét, tire 1a

N
n,= n (10)
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Khi coi ps=p1 v ps=p, thi hiéu suét cia chu
trinh dwoc tinh bang cong thirc:
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Nhiét d6 moi truong (To), ap suat duong nap p,
duong thai ps, ché d¢ tai 1a mot s6 thong s thay
dbi trong qua trinh van hanh. Tt cac phuong trinh
trén ta thay rang cac thong s6 d6 s& co anh huong
t6i cong sudt, hiéu suat va cac thong sb cua chu
trinh nhiét PCTBK, trong phan 4 s& danh gia dinh
lwong nhitng bién doi nay.

M = (11

3 XAY DUNG MO HINH TiNH TOAN CHU
TRINH NHIET BCTBK TRONG GATECYCLE™

Khi tinh toan trong GateCycle™ ¢6 hai phuong
phap xay dung mo hinh tinh toan:
1) Sir dung mo hinh sin cé trong thu vién
theo dé thi dong co dugc quy vé dang dong co 1
méy nén, 1 budng d6t va 1 tuabin nhu trén Hinh 2
hoic ty xay dung tir cac mo dun ciia phan mém [2].
2) Xay dung md hinh tinh toan tir thu vién céac
md dun cta phan mém (Hinh 3). Khi st dung mo
hinh nay ching ta c6 thé thu dwoc két qua & cac vi
tri trung gian va diéu chinh s§ lwong ciing nhu
thong s6 ky thuat ciia cac thanh phan cta dong co.
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Hinh 3. C4c m6 dun xay dung md hinh

Trén Hinh 4 biéu dién mé hinh ciia dong co dong
UGT do nhém tic gia xay dung. Trong md hinh
nay diéu kién dau vao duoc lua chon trong muc
thong sb dau vao cua budng ddt, ngoai ra con can
thém mot sb thong s6 dAu vao cua cac bd phén khac
nhu trong Bang 2. Trong c&c m6 hinh tinh todn nay
déu str dung nhién li¢u diesel.

P
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Hinh 4. M6 hinh dong dong co UGT do nhom tac gia xay dung

Béng 2. Céc théng s6 vao co ban ciia timg bd phén trong
mo hinh dong co

4 MOT SO KET QUA VA BAN LUAN

4.1 Anh huwong cia nhiét do méi truong dén thong
$6 chu trinh nhiét ciia PCTBK

Dé minh hoa viéc st dung ph?in mém, trong muc
nay nhom tic gid tinh todn chu trinh nhiét cua
DCTBK kiéu UGT3000 va UGT3000R & ché do
dinh muc v6i To khac nhau bang cach sir dung méd
hinh ¢6 sin trong thu vién va mo hinh ty thiét lap.
O day lya chon cong suat ciia dong co theo [4] 1a
thong s6 dau vao (Hinh 5), phan mém s& tinh hi¢u
suét, Gn can cung cip, nhiét do va ap suit sau may
nén, budng dot va tuabin. Két qua tinh toan hiéu
suat ciia ca dong co cho sai léch khong qua 3% so
voi két qua do nha san xudt cong bd trén Hinh 6
[4]. Bang 3 cho thdy sai s gitra Ts, T4, zmn tinh
toan & To=15 °C so véi [4] déu nho. Diéu nay khang
dinh co thé sir dung ca hai mé hinh d¢ tinh toan chu
trinh nhiét cho dong co.

Khi Tp tang tir -5°C thi dong co phai giam Gp va
ddng thoi 1a cong suit (hinh 5 va hinh 7). Trong
treong hop duy tri G hoac Ne thi s€ 1am nhiét do
dong khi sau budng ddt Tz va nhiét do khi thai T4
tang cao va anh hudng t6i do bén nhiét cua canh
tuabin (Hinh 10, 11).

Db v6i dong co UGT3000 va UGT3000R nhiét
do T dat cuc dai khi To ndm trong khoang tur -5 +
5 °C, cang xa ving nay thi Ts giam tuyén tinh
(hinh 7). To ndm trong khoang -35+5 °C thi khi
giam To (ddng nghia véi giam T1) trong khi Gk
tang, Gn khong dbi (xem Hinh 7), theo phuong
trinh (2) va (4) dan toi Ts s& giam. To ndm trong
khoang 5+45 °C thi téc d6 giam nhiét lwong cap
cho budng ddt (Gni.Hy) nhanh hon tée do giam Gk
va tdc do ting T, nén Ts giam.

Bang 3. So sanh ap sult va nhiét do cta chu trinh nhiét dong
co UGT3000R TAI To=15°C

B6 phan Cic thong so cin khai bao

Pudngnap  Ap sudt, nhiét do, luu luong khong khi

Méy nén Miic tang 4p, hiéu suét, ty 18 trich khi lam
mat,...

Budng d6t  Nhiét d6 d4u ra budng dét/ luu lwong nhién
lidu/ d6 tang nhiét d6 trong budng dét/ luong
nhiét sinh ra trong budng ddt, hé sb ton thét ap
sudt, hé sb chay kiét, ...

Tuabin Hé s6 giam 4p/lai din méay nén nao/ 4p suit sau
tuabin, hiéu suit, ...

Puong thai  Ap suét khi thai

Sai sO

Theo MO mghipn MO Saisomé
thu x hinh hinh ty
41 yien  UVER i lap (%)
. %) wlap  lap (%
T.(K) 288 288 288
(K - 643 667
T(K) 1293 1324 24 1248 35
T(K) 701 737 51 750 7
p(kPa) 100 100 100
;(kPa) 1350 1390 29 1360 07
ps(kPa) - 1340 1340
p(kPa) 102 102 102
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Hinh 5. Céng sut dong co UGT3000 va UGT3000R & Ty khac
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Hinh 6. Hiéu suét chu trinh nhiét theo T, do nha san xuét

cong bd [4] va tir m hinh tinh toan
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Hinh 7. Bién thién cta ge, Gy, G khi duy tri cong suit theo [4]
& cacTy khac nhau
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Hinh 8. Nhiét d6 Ts khi duy tri cong suét theo [4] & cac To
khac nhau

Khi khong lya chon mé hinh ¢6 sin, c¢6 thé xay
dung md hinh tir cic md dun trong phan mém, lya
chon thong s6 dau vao 1a lugng nhién liéu cdp cho
dong co, tir do tinh toan ra dwgc cong suét c6 ich
ctia chu trinh va hiéu suat dong co. Cac két qua
cong suat va hiéu suat kha chinh xac khi so sanh
vGi cong b clia nha san xudt va két qua tinh toan
tr mo hinh cta thu vién (Xem hinh 4 va hinh 5).
Bang 4 ciing cho ta thiy két qua cac thong s6 chu
trinh nhiét cua mo hinh tu 1ap sai 1éch khong dang
ké v6i mé hinh ¢6 sin trong thu vién.
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Hinh 9. Nhiét d6 T, khi duy tri cong suét theo [4] & cac To
khéc nhau
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Hinh 11. Sy phu thudc cua Gy va Ts, T4theo T khi duy tri cong
suét dong co UGT3000 va UGT3000R tuong img véi 3.360 kW
va 3.125 kW.

4.2 Anh hwong cia dp sudt duong nap, thai téi
chu trinh cong tac

Khi thay dbi ap suat trén duong nap p; cua dong
co UGT 3000R v&i Gy, ap suét trén duong thai pa
khong dbi ta thu dwoc cac két qua trinh bay trén
Hinh 12 va Hinh 13. O day, khi p; giam thi cong
suét, hiéu suét, G giam gﬁn nhu tuyén tinh, T3 va
T4 tang 1én (p1 giam 1% thi Ne va 7e giam tuong
ung 0,4% va 0,42%; con Ts, T4 tang 0,6%, 0,7%).
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Hinh 13. Anh huéng cia p; t6i Ts, T4 Va Gk

80 20

Trong tinh toan cho dong co UGT3000R khi
thay doi ps, da giit nguyén Gp, p1 nén G khong
dbi, tir d6 dan toi ps, Tz khong ddi. Tuy vy do pa
tang s& lam giam hé sb giam 4p cua tuabin, theo
phuong trinh (8)+(11) thi cong suat, hiéu sudt giam
con Ty ting. Két qua trén Hinh 14 va Hinh 15 cho

thdy khi ps ting 1% thi Ne va 5. déu giam 0,7%,
con Ty ting 0,16%.
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Hinh 15. Anh hudng cua ps t&i Ts, Ts

Tir day ta thay rang, xét vé cong suat va hidu suit
thi strc can & duong thai anh huong nhiéu hon so
v6i strc can & duong nap, con xét vé nhiét do T3 thi
chi stc can & dudng nap c6 anh hudng 16n hon.

5 KET LUAN

Céc ung dung tinh toan trén méi chi 1a két qua
bude dau, tuy nhién co thé rat ra mot s6 két luan
nhu sau:

Phin mém GateCyle™ 1a phin mém chuyén
dung diung dé tinh toan chu trinh nhiét cua
DCTBK, gdom thu vién phong phi cac dong co
dung trong cong nghi¢p va tau thuy va c6 muc do
tiy bién cao khi xdy dung mo hinh tir cac mé dun
¢6 sin clia phan mém.

Khi tinh toan, mé phong PCTBK c6 thé sir dung
mé hinh c¢6 sin trong thu vién va hoic xay dung
md hinh tir cic md dun cia phan mém. D¢ tin cay
cua md hinh phuy thudc vao su dﬁy du cua dir liéu
dau vao va ché do tinh toan cua dong co.

Két qua tinh toan da néu trong bai bao da khang
dinh sy tin cay cia m6 hinh dugc xay dung tur cac
md dun cb sin cua phan mém. Tir ddy c6 thé tinh
toan cac thong sd chu trinh cong tac, khao sat anh
huéng cua cac thong s6, diéu kién lam viéc khac
nhau dén cac chi tiéu cong tac cua dong co...
Nhitng ndi dung nay s& dugc trinh bay trong cac
nghién ctru khac ctia nhom tac gia.
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Calculating gas turbine thermodynamic cycle
using GateCycle™ software

Vu Duc Manh, Ha Huy Thang, Dao Trong Thang, Nguyen Trung Kien

Abstract—Gas turbine engines are widely used
in aviation and naval ships for their
compactness and high mobility. In Vietnam, the
researches and investigations for this type of
engine are less interested. In this paper, the
authors present methods of modeling and
calculating gas turbine thermodynamic cycle by

using the General Electric software -
GateCycle™. The results can be used for the
study of gas turbine engines and for engine
operation.

Keywords—Gas turbine, thermodynamic cycle, UGT,
GateCycle™, temperature, pressure.



