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Tom tat

Bai bao trinh bay két qua nghién ctru dic tinh khi dong hoc trong budng dbt dong co tua bin
khi ¢& nho dang dugc nghién ctu phét trién bai nhém tac gia. Str dung phan mém mé phong
Star CCM+ d¢ tinh toan, danh gia dic tinh khi dong hoc budng dét, nhu ti 1& phan chia luu
lwong khong khi dam bao cho qué trinh chay, 1am mét va hoa tron co dam bao theo yéu cau
thiét ké dat ra. K&t qua méd phong cho thdy, ti 1& phan chia luu lvgng khong khi qua cac 6ng
hoa hoi 1a 5%, luu lwong khéng khi ¢ viing chéy chinh chiém 26%, viing chay phu 34% va
viing hoa tron 40%. Van toc dong khi dudi 0,3 Mach va ton thap &p suat toan phan 5,8%,
dam bao yéu cau dat ra. Két qua tinh toan c6 thé can ciding dé dé hiéu chinh, téi wu hoa
thiét ké budng ddt truéc khi ché tao.

Tir khoa: Tua bin khi; buong dét; ong dot; ton that ap sudt; RANS.

1. Mé dau

Pong co tua bin khi ¢& nho (microturbine) ra doi xuat phat tir nhu cau lap trén may
bay mé hinh giita nhitng nam 1980, khi cac nha ché tao nghiép du c6 gang thu nho va ché
tao dong co phan luc [1-3]. Nhiing dong co nay da ching té duge do tin cay va tinh thuc
tién khi ché tao dong co phan lyc bang cac cong nghé gia cong co khi don gian. Nhiéu cong
ty v6i kha nang tng dung cong nghé cao sau do6 ciing di nghién ctu, ché tao cac phién ban
thuong mai, nhu JetCat (Puc) [4], AMT (Ha Lan) [5], KingTech (Pai Loan) [6],
PBS (Cong hoa Séc) [7], Jet Central (Mé-hi-cd) [8], Jets Munt (Tay Ban Nha) [9],
Wren (Anh) [10]. Hién nay, cing véi su tién bo vé cong nghé, luc ddy dong co c6 thé dat
1100N (Jetcat P1000-Pro) [4] va c6 thé str dung cho céc loai may bay khong ngudi lai 16n
hon, tén lira tam ngan hoac cac bo quan o bay phan luc [11].

Nhin chung, cac dong co tua bin khi ¢& nhé ngay nay c6 két cau tuong dong véi dong
co phan lyc mét truc [12, 13]. R to cua dong co thuong gom mot may nén ly tam va mot
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tua bin doc truc (hoac hudng tam), dat trén hai vong bi chiu dugc vong quay 1én. Bong co
thuong khoi dong bang dong co dién dit phia trudc may nén, két ndi co hoc vai truc rd to
qua mot khép tu ngét. Hé thdng didu khién kiém soat céc thanh phan dong co tir khi khoi
dong dén khi tit may, didu khién dong co dién khoi dong, bom nhién liéu, van dién tir cap
khi méi lira va nhién liéu cong tac, nén dién danh lira, thu thap tin hiéu cam bién vong quay
va nhiét do khi xa [12, 14].

Budng dét thuong dugc bé tri ndm & phan khdng gian giira vanh khuéch tan méy nén
va thiét bi phun tua bin [12-15]. Budng dét ¢6 nhiém vu duy tri qua trinh dét chay nhién
liéu duoc cap tir cac kim phun vao 6ng hoa hoi va phai bao dam nhiéu yéu cau khat khe
[16, 17]. Néu qua trinh ddt chay khong dong déu thi phan b nhiét do, van téc dong khi
trong budng ddt ciing nhur khi di vao tua bin ciing khong déu, dan toi lam giam hiéu suat
dong co, tham chi cd thé tiép tuc chay trong tua bin hay xa ra ngoai. Do vay, qua trinh chay
cling phai duoc han ché trong pham vi trong budng ddt, bang céch duy tri ti 1¢ luu luong
dong khi hop ly sao cho trong khoang thoi gian ngan, nhién liéu va khong khi phai duoc
hoa tron, d6t chay kiét. Luong khdng khi con lai s& 1am méat khi chay xudng nhiét do téi da
thuong duéi 1023 K, thap hon nhiéu so véi dong co ¢ lon [3, 15, 18].

Thong thuong, rat khé dé ché tao budng d6t ma khdng thuc hién viéc ché tao nguyén
mau va thir nghiém do chua c6 mot chuan chung dé tinh toan thiét ké, ma phan 16n van dua
vao thuc nghiém [19-22]. Hién nay, phuong phap mé phong CFD duoc ang dung phd bién
khéng chi nham kiém nghiém dac tinh budng dét, ma con gidp hiéu ban chat dong luu
thdng, giam thiéu mau thiét ké trugc khi ché tao [23-25]. Do viéc phan bé luu lwong dong
qua cac khu vuc bén trong budng ddt lién quan truc tiép ti hé sé du lugng khong khi nén
& giai doan thiét ké ban dau céc tinh toan chu yéu duya vao dic tinh khi dong [26-28].

Bai béo nay trinh bay két qua nghién ciu dic tinh khi dong budng dét dong co
tua bin khi ¢& nho do cé4c tac gia nghién ciu phét trién. St dung phan mém Star CCM+ dé
m6 phong, tinh toan phan bé dong khong khi luu thong trong budng ddt lam can ctr danh
gi4, hoan thién thiét ké.

2. Pic diém két cau ciaa budng d6t dong co tua bin khi c& nhé

Ving luu thong khong khi trong budng ddt 1a phan khéng gian duoc nam giita vo
ngoai dong co va vo truc dong co phia trong. Ong d6t ¢ cu tao thuong la mot khoang
réng vai tiét dién ngang hinh vanh khuyén. Khac véi dong co ¢& I6n, dong co ¢& nho st
dung céc 6ng dan khi dit ¢ dau hoac cudi dng ddt, dan khdng khi vao trong éng dbt ciing
vé6i nhién liéu duoc phun vao ngay dau 6ng. Diéu nay gitip cho qué trinh xé toi, hoa tron
nhién liéu vai khong khi, nho nhiét do cao trong budng dét ma nhién liéu nhanh chéng hoa
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hoi trude khi di vao ving chay chinh. Budng dét dong co ¢& nho ciing phai dam bao cac
yéu cau nhu d& danh lira, hiéu suat chay cao, ton that &p suit toan phan thap, lam mat tét va
nhiét 6 khi di vao tua bin ndm trong gisi han. Ong hoa hoi gitip dam bao hiéu suit chay
cao ma khdng can voi phun va bo tao xody phuc tap nhu ¢ dong co c& 16n [20, 29], nhung
cing dit ra nhitng thach thire khi thiét ké, ché tao budng dét.

Pong co trong bai bao nay duoc thiét ké sir dung may nén ly tam, tua bin hudng tam,
budng ddt véi 6 dng hoa hoi ddt ¢ phia dau éng dét. Cac dng hoa hoi dang dng gap hinh
chir U, tuong tu két cau trén cac dong co ciia hang AMT [29]. Mau budng d6t véi céc dng
hoa hoi do nhom tac gia ché tao duoc thé hién trén hinh 1. O giai doan thiét ké ban dau, yéu
cau dat ra dbi véi budng ddt 1a phai dam bao luu lwgng dong khi & 1/3 chiéu dai budng dét
(ving chay chinh) du dé d6t chay hét nhién liéu va chiém khoang 25 - 30% tong luu lugng.
Tai viing ndy ciing phai c6 dong chuyén dong xody véi van tc thap dé dam bao quéa trinh
hoa tron va d6t chay nhién liéu. Luong khong khi di qua day 16 16n nhat cudi ciing (ving
hoa tron) chiém khoang 40 - 50%, dong khi qua I di sau vao gitta dong luu thong dé dam
bao quéa trinh hoa tron giam nhiét do khi chay duoc tét trude khi di vao tua bin. Toc do
dong khi trong budng dét khdng quéa cao, phan Ién dudi 0,3 Mach. Ton that 4p suat toan
phan trong budng dét do stc can khi dong dudi 6%.

Ld vao
Ong hoa hoi

Vo ngoai 6ng dot

Hinh 1. Mdu budng dot duwoc ché tao véi 6 ong héa hoi hinh chir U.

3. Xay dwng mo hinh mo phéng

Hién khong c6 cdng cu tinh toan thiét ké chinh xac budng dét nén nhom tac gia sir
dung phuong phap duoc trinh bay trong mot sé cong bd [16, 19, 22, 26], hiéu chinh theo
kich thudc may nén, tua bin ciing nhu phu hop vai gia cong. M6 hinh 3D (Hinh 2) cling
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nhu phan dong luu thong bén trong budng dét duoc xay dung bang Siemens NX, Ansys
SpaceClaim v2023 [30].

@160 P142

- 204 -

Hinh 2. Xay dizng mé hinh 3D buong dét véi céc théng sé chinh
Kich thiréc 16 vé ngodi ong dot: 1) @3,5; 2) @4; 3) @4; 4) @5,5; 5) B7;
V6 trong éng dét: 6) @3; 7) @4; 8) @4,5; 9) @6; 10) @7

Phan mém SpaceClaim cho phép ty dong tao phan luu thong bén trong budng dbt
va chinh stra, 1am sach hinh hoc trudc khi chia ludi. Hién nay, viéc mé phong budng dét
dong co tua bin khi pho bién tng dung cac phan mém Ansys Fluent [13, 21, 25] va Star
CCM+ [26], trong bai bao nay su dung Star CCM+ v2023 [31].

Do budng dbt dugc thiét ké lip tuong (g 6 dng hoa hoi, nén phan luu thong 1y cung
60°, gilp giam tai nguyén tinh toan. Cac mit diéu kién bién duoc thiét lap: dau vao (inlet),
dau ra (outlet), twong bién (walls), mat lap (periodics). Mé hinh mé phong sir dung mé hinh
rbi k- SST, chi tidu hoi tu 10, Pau vao (inlet) dat 4p suét toan phan 3 atm va nhiét do
khong khi sau may nén 400 K. Pau ra (outlet) 1a luu lwong qua mot cung la
0,1 kg/s, twong g tong luu luong qua budng ddt 1a 0,6 kg/s.

Mo hinh chia lugi (Hinh 3) sir dung phan tir dang da dién (polyhedral), c6 thé tu
dong xu 1y 151 d6i véi cac mo hinh ¢ céc chi tiét nho, phirc tap. M6 hinh luéi kich thudce
co s& 0,5 mm véi phan bé sé luong - chit lwong phan tir ludi duoc thé hién trén biéu db
hinh 4. Chét lugng phan tir luéi nho nhat 0,15, ddng thai chi tiéu chat lwong theo goc
(angle skewness) thu dugc khong quéa 85° 1a chap nhan dugc khi mé phong trong Star
CCM+ [31].
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Hinh 3. M6 hinh chia heéi cung 1/6 buong dot véi phan ti dang da dién.
2.0e+06+

1.5e+06-

1.0e+06

S Iugng

5.0e+05-

0.0+

01 02 03 04 05 06 07 08 09
Chét luong phan tir

Hinh 4. Phan bé sé lwong - chdt lwong cac phan tir ludi (1 1& chdt lwong tot nhat).

Hinh 5 thé hién biéu do két qua thir nghiém tinh doc 1ap két qua vao mé hinh ludi véi
4 kich thudc co s6 0,35, 0,5, 0,75 va 1 mm, thu dugc 4 mé hinh ludi véi khoang 2, 4, 8, 12
triéu phan tir. Khi kich thudc co s nho hon 0,5 mm thi ton that p suat thay doi it trong khi
s6 phan tir lai ting nhanh, do d6 duoc lwa chon dé tiép tuc tinh toén.

6.10
. 1 mm
= 6.00
i 0.75 mm
2
o
_;g 5.90 0.5 mm
= 0.35 mm
€580
5.70 5 10 15 20

Sé phan tir (.10)
Hinh 5. Két qua tinh ton that &p sudt phu thugc vao so phan ti (theo kich thuée co sé).
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4. Két qua va thao luan
4.1. Vdn toc dong khi lwu thong trong buong dot

Hinh 6 thé hién biéu dién trong mot mat cit bén trong budng dét. Van téc dong khong
khi sau may nén bat dau di vao budng dét véi gia tri trung binh khoang 55,6 m/s. Van téc
dong khi di vao dng héa hoi khoang 70 m/s tai vi tri kim phun nhién liéu, cé thé gidp xé
toi, hoa tron nhién liéu tot hon trude khi cudn hdn hop di toi viing chay va ra khoi dng hda
hoi véi van toc trung binh 40 m/s, dap vao thanh dng dbt va tao viing van toc thap ¢ ving
chay chinh, gidp cho qué trinh chay hdn hop nhién liéu-khong khi duoc thuan lgi. Do chiéu
dai budng ddt rat ngan va nhién liéu can thoi gian dé tao hdn hop va chay, nén viéc sir dung
6ng hoa hoi trong két cau budng dbt dang nguoc dong nhu vay sé ting hiéu suat chay. Hinh
7 ciing thé hién mit cat truong sé6 Mach, cho thay van téc dong khdng qua 0,3 Mach.

— — — —

Vcit (m/s)
0 38.8 77.6 116

z

Hinh 6. Mt cdt triong vecto véan toc dong khong khi trong buong dot.

Mach Number
0 0.1 0.2 0.3
z [ |

Hinh 7. Mdt cdt trwong s6 Mach trong buong dot.
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Ap suit toan phan sau budng @t giam 17679 Pa, twong wng ton that 4p suat trong
budng dbt 13 5,8% khi chwa c6 su chay. Gid tri nay twong dong vai ton that thiét ké budng
d6t theo phwong phap dugc céng bd trong céc cong trinh [15, 22, 25]. O day ton that &p
sut toan phan trong budng d6t phan Ién 1a do khi dong hoc, con khi c6 sy chay thi khong
I6n (khoang 0,5%), phu thudc vao vén téc sau may nén va do ting nhiét trong budng
d6t [16]. Ton that &p suat toan phan 1a thdng s6 quan trong khi tinh toan chu trinh nhiét cua
dong co trong qua trinh van hanh, diéu khién dong co.

4.2. Té chirc phan chia dong khong khi trong budng dot

Budng dbt vé nguyén Iy s& chia kndng khi 1am nhiéu phan: dong so cap truc tiép dét
chay nhién liéu véi nhiét do ¢ tam chay khoang 2400 K, dong thir cdp 1am mat céc chi tiét
va giam nhiét do dong khi vé gia tri thich hop trudc khi di vao tua bin [16, 17]. Hinh 8 thé
hién duong dong luu thong bén trong budng dbt. Khong khi di vao budng dot s& tap trung
tao thanh ving xoay trudc mit chinh dién cua dng dét, sau d6 mot phan di vao dng dbt qua
6ng héa hoi, phan con lai di qua cac 15 trén thanh 6ng dot. Phan qua éng hoa hoi va diy 16
dau tién o trén dng d6t s& 1am nhiém vy chinh 12 hoa tron va dét chay nhién liéu (ving chay
chinh). Vi tri nhién liéu chay ngay bén ngoai dng héa hoi, v6i hé s6 du luong khong khi
thiét ké thuong khoang 0,8 - 1,2 [16, 17], van toc dong luu thong phai dam bao thap dé qua
trinh chéay dién ra dwoc thuan loi. Két qua md phong cho thiy tai viing nay dong khi tao
thanh viing xody véi van toc thap, sau d6 duoc ting toc doc theo dng dbt véi cac 15 co
dudng kinh tang dan.

Trén hinh 9 md ta vi tri 1ay cAc tiét dién dé tinh luu lugng di vao khong gian bén trong
dng ddt thdng qua 6ng hoa hoi va cac 16 trén vanh trong, vanh ngoai cua dng dét. Céc tiét
dién nay duoc dit ¢ 16 vao dng hoa hoi va ¢ céc vi tri ngay sau cac day 16 dan khéng khi
vao bén trong dng ddt. Cac két qua tinh toan luu lwong dong khi qua cac nhom 15 theo tirng
tiét dién doc theo budng dét duoc trinh bay trong bang 1.

30.6 613 919 123
__—— i

Hinh 8. Phan bé van toc (m/s) theo dwong dong huu théng bén trong buong dot.
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Velocit}“/}‘(mls)

.>120

7 8 9

Ving chay phu | Vung hoa trén

Onghéahoi 12 3 4 5 6

| Vung chay chinh

> >

26% 34% 40%

Hinh 9. Céc tiét dién hinh quar dat tai céc vi tri sau tieng day 16 dé tinh lwu leong khdng khi.

Bang 1. Gia tri luu heong khong khi qua cé&c 16 di vao ong dot

STT Vi tri Luwu lwong, kg/s | Tilg, % | Tilétheo vung
1 Ong hoa hoi 0,004976 5%
2 Tiét dien 1 0,007004 7% Viing chay
3 Tiét dién 2 0,014725 15% chinh
4 Tiét dien 3 0,017604 18% 26%
5 Tiét dién 4 0,025805 26%
6 Tiét dien 5 0,029754 30% ‘ ,
7 Tiét dién 6 0,044752 45% V“”g;rlzy phu
8 Tiétdién 7 0,060318 60%
9 Tiét dien 8 0,072040 72% Viing hoa tron
10 Tiét dien 9 0,099 99% 40%
11 Téng luu lwong qua 1 cung 60° 0,10 100%

Két qua mo phong cho thiy phan khong khi di vao budng ddt theo hudng nguoc dong
thdng qua cac 6ng hoa hoi chiém khoang 5% tong luu lwong khdng khi ma may nén cung
cap. Luu luong khong khi ¢ viing chay chinh chiém 26%; viing chay phu 34%; va viing
hoa tron 40%. Luu lugng khéng khi & viing chay chinh chiém khoang 1/4 tong luu lugng
1a phu hop véi muc tiéu giam nhiét d6 khi chay xuéng duéi 1023 K.

Pé so sanh, cac két qua tinh toan vé t6 chac dong khdng khi, s6 Mach va ton that
&p suit kha tuong dong véi mau nghién ctru trong nudc vé budng dot sir dung bo tao xody
[25], cho thay thiét ké ndy c6 thé dam bao cho qua trinh chdy dién ra theo dung
du dinh.
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5. Két luan

Bai bao di trinh bay két qua nghién ctu khi dong hoc budng duoc thiét ké cho dong

co tua bin khi c¢& nhé bang phuong phap mé phong CFD. Két qua, ti 1é phan chia luu luong
qua cac dng hoa hoi chiém 5%, viing chay chinh 26%, ving chay phu 34% va ving hoa
tron 40% tong luu luong khong khi di vao dong co. Van téc dong khi trong budng dbt dudi
0,3 Mach va ton that ap suit 1a 5,8%. Luu luong dong khi qua éng hoa hoi 14 can ctr diéu
chinh luu lwong nhién liéu khi hoac I6ng nham tao hdn hop chéy phii hop, nhat 1a khi danh
lra & giai doan khai dong. Cac két qua nay cho thay thiét ké budng dét dap tng yéu cau khi
dong, c6 thé 1am can cir dé tiép tuc nghién ciru md phong qué trinh chay, t6i wu hoa trudce
khi hoan thién thiét ké va thar nghiém.
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COMPUTATIONAL STUDY ON
AERODYNAMIC CHARACTERISTICS OF AIRFLOW
THROUGH A MICROTURBINE COMBUSTOR

Abstract: This study presents numerical findings pertaining to the aerodynamics of a novel
microturbine combustor, with the aim of evaluating airflow organization for the combustion
process. A CFD simulation method was employed, utilizing a geometric model derived from a
developing microturbine design. The results indicate that the air mass flow is distributed as
follows: 5% through the evaporator, 26% in the primary combustion zone, 34% in the secondary
combustion zone, and 40% in the dilution zone, with respect to the total combustor airflow. The
flow velocity remains below 0.3 Mach, and the total pressure loss is determined at 5.8%. The
numerical results can be used as a foundation for adjusting and optimizing the combustor design
before manufacturing.
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