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XAC DPINH MOT SO PAC TINH HOAT PONG CUA PONG CO
PHAN LU'C PIEN THEO PHUONG PHAP BAN THUC NGHIEM

Mai Duy Phuong*

Tém tit: Doi véi cdc loai dong co canh quat noéi chung, nhitng ddc tinh luc dﬁj/ — toc
dé bay theo céng sudt hodc ddc tinh hiéu sudt theo toc dé thay doi nhiéu trong qud trinh
lam viéc va co vai tro quan trong trong qud trinh tinh todn thiét ké khi cu bay. Bai bdo
trinh bay phwong phap xdy dung va tinh toan mot $6 ddc trung lam viéc co ban cua dong
co phan luc dién bang phwong phap Iy thuyét dong lwong va mét sé thong sé thir nghiém
dwoe nha san xudt cung cap. Két qua ciia bai toan nay hé tro cong tac thlet ké hé thong
trong giai dogn ddu, tiép cdn két qua gan thuc té hon triede khi dwa ra quyét dinh ché thir
mau hodc mua theo san pham béan san.

Tiwr khoa: Dac tinh hoat dong; Pdng co phan luc dién; Khi cu bay.
1. PAT VAN PE

Trong khoang thoi gian 10 nam tro lai ddy, sy phat minh loai nguén pin Lithium
Polymer (Li-Po) véi tinh nang khac biét vdi cac loai nguén pin trudc d6 lam cho xu
hudng cong nghé ng dung thay d6i nhiéu va phd bién nhanh chéng, rong rai. Tir d6
xut hién nhiéu san pham, thiét bi, phuong tién sir dung pin Li-Po trong d6 c6 ca cac loai
khi cu bay (KCB) c& nho trang bi hé théng dong luc dién, chung wu viét hon so voi dong
co dbt trong hodc dong co turbine phan luc vé nhiéu tiéu chi: cong nghé ché tao, van
hanh, bao quan, tin ciy, 6n dinh, an toan, chi phi.

Viée str dung khi KCB khong nguoi lai mang v khi tu sat (SUAV) ngay cang pho
bién do kha nang tan cong chinh x4c nho Gmg dung cac cong nghé hién dai, chi phi thap,
it gdy ton thit vé nhan mang so véi viéc ding may bay c6 ngudi diéu khién. Pa sb cac
loai SUAV c¢6 ciu tao kiéu may bay canh béng, diéu khién tir xa, st dung 1 dong co canh
quat dién phia duéi (hinh 1a). Tuy nhién, do st dung dong co cong suit nho nén hé s6
luc day/trong luong (TW) cua KCB kha thip (khoang tir 0.25 dén 0. 5) nén toc do bay
cham va dé tao duoc so toc ban dau dam bao cho KCB du lyc nang can phai c6 thiét bi
phong — ddy 1a nhuge diém cua loai KCB nay.

Dong co phan lyc dién (PLD — electric ducted fan) c6 tinh nang khac so voi dong co
canh quat. Do cong suét 16n, kich thudc nho nén h¢ s6 TW kha cao (2 dén 2.5) nén dong
co PLD cing phu hop trang bi cho mét sO loai KCB téc d6 trung binh, cu ly bay ngan va
khic phuc nhuoc diém so v6i loai KCB sir dung 1 dong co canh quat dién, d6 13 yéu cau
str dung thiét bi phong,

a. b.
Hinh 1. Mét s6 loai dong co dién dwoc sir dung cho KCB.
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Da s6 nha san xudt dong co PLD chi dua ra nhitng thong sb sau: dién 4p lam viéc,
cong suét cuc dai, luc déy cuc dai, kich thudc hinh hoc. Tuy nhién, dong co PLD c6
nhiéu dic tinh phu thudc vao téc dd chuyén dong nén can phai xac dinh cac dic tinh nay
moi co thé thiét ké, tinh toan bai toan dong luc hoc chuyén dong ciia KCB. Nhiéu cong
trinh da xdy dung va giai bai toan nay theo cac phuong phap khac nhau: ly thuyét dong
luong, phan tir 14 canh, 1y thuyét xody,... [3, 5-7] va cac phan mém tmg dung CFD [2, 4],
EDF fan online. Tuy thugc do phuc tap cua timg phuong phap va cac gia thiét dé xay
dung bai toan ma do chinh xac cua két qua nhan duoc ciing khac nhau.

Noi dung bai bao nay la xay dung mo6 hinh tinh toan dé xac dinh mot s dic tinh ddi
v6i mot loai dong co PLD trong thuc té theo phwong phap dong lugng, két hop st dung
cac tham so cia nha san Xuat lam diéu kién bién cho bai toan. Pong thot co tinh dén
nhimng hé sb t6n that thyc té dé chinh xac hoa két qua so véi viéc loai bo tén that ctia mot
sd phuong phap khac di thuc hién. Phuong phap niy lam co s¢ tham khao, lya chon
ddng co va tinh toan trong qué trinh thiét ké hé thong & giai doan so bd ddi voi mot méd
hinh KCB str dung dong co PLD.

2. XAY DUNG MO HINH BAI TOAN

2.1. Céc tham sb ciia bai toan

2.1.1. Cdc tham s6 thuc té )
bay la nhing tham s6 do nha san xuat cung cap, ching dugc do dac véi dong co
JP120 (hinh 2) trén gia do tinh, 1am viéc trong diéu kién cong suat cuc dai.

136. 00

a) Dong co JP120 b) Kich thudéc hinh hoc
Hinh 2. Béng co PLD JP120.

- Ky hiéu dong co: JP120 5060-750KV; Khbi luong 0.695 kg; S6 14 canh: n, = 12;
- Luc day T (N), dién 4p U (V), dong dlen I (A), cong suat P (W):

(72.0'N, 44.4 V, 110 A, 4884 W);

(83.0N, 48V, 125 A, 6000 W);

(93.0N, 50V, 142 A, 7100 W).
Thong sb leh thuoc hinh hoc nhu hinh 2. 2
- Dién tich quét canh quat: Ssa = 9. 424*10° m
- Dién tich mat cat ctra hut: Sinp = 14. 15*10 m
- Dién tich mat cit cira xd: Seut = 10. 0*10° m2.
Ky hiéu cac gia tri téc ¢ dong khi nhu hinh 3:
- Toc do KCB so v6i khong khi: V (m/s);
- Toc do cam ung v (m/s);
- Toc d0 tai cira thoat dong co Ve (M/S);
- Luu lugng dong khi: m (kg/s).

2.
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Hinh 3. So do déng luc hoc ciia dong khi so véi dong co tai cdc mdt cdt.

2.1.2. Caéc gia thiét va hang sé

- Khong khi di qua dong co trong diéu kién khong chiu nén, khong trao ddi nhiét;

- Mat d6 khong khi p = 1.2 (kg/m?).
2.2. Bai toan Iy thuyét dong lwong

Ly thuyét dong luong duoc xay dung tir cac dinh luat bao toan dong lugng, nang
lugng, luu lugng trén co s& mo ta so d6 dong luc hoc trén hinh 3 nhu sau:

- Phuong trinh bao toan dong luong:

T =m(V,-V) (1)
- Phuong trinh bao toan nang luong:

P=P, =T.(v +V)=%.rﬁV€2—%.rﬁV2 2
- Phuong trinh bao toan ning lugng thyc té:
Pre =U.l =P + B ©)
P, =T.(V+V) 4)
Ress = Pt + Pean = s P +17, V° (5)
- Phuong trinh lIuu lugng:
m=p.S5;,-(V +V)=pS,,V, (6)

Thong thuong céc cong trinh nghién ctru khac[5, 6] st dung phuong trinh bao toan
ning luong theo phuong trinh (2). Tuy nhién, trén thyc té t6n that ning luong cua loai
dong co PLD khé 16n, do bo qua ton that ning luong cia thiét bi dién va cta dong khi
qua dong co phuong trinh (2) s& mac phai nhiéu sai s6, mat khac néu sir dung phuong
trinh bao toan nang lugng thi khong st dung dugc dinh luat bao toan luu lugng. Do vay,
bai bao nay thay thé phuong trinh (2) bang phuong trinh bao toan ning lugng xac dinh
boi thuc nghiém thé hién nhu phuong trinh (3) va st dung phuong trinh luu luong.
Trong do:

P, P4.: CONg suat do ngudn dién sinh ra (tong cong suét toan hé thong);

Pr: COng sut thuc té ctia dong co;
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Pets: Ton hao cong sudt trén hé thong dién (cong suit pin so véi cong suét truc motor);
duoc xem ti 18 bac nhat Vi cong suat nguon dién;

Ptan: Ton hao cong suit trén canh quat (cong sudt truc motor so v6i cong suét thuc té);
duge xem ti 1¢ béc hai voi tc do dong khi tai canh quat;

Nels, Mfan: CAC hé s ton thit cong suét trén hé thong dién va canh quat.

Viét lai cac phuong trinh trén dugc hé phuong trinh (HPT) 1y thuyét dong luong sau:
T=m(,-V)

P.=T.(V+V)+P, =T.(V +V)+17,,.P+7,,V’
m=p.5,,.(V +V)

Sing Vinp = SV,

out*“e

(7)

HPT trén gém 4 phuong trinh, cac an sd: m Ve, V, Nels, Nian-

Trong thyc té, gia tri ton that ctia hé thong dién thuong 13 0.1 + 0.12 [8, 9], lay gia tri
nets = 0.11, khi do, giai lai HPT (7) xac dinh dugc ngan = 0.135. Day dugc xem la cac dac
trung ton that ctia hé thong trong qua trinh tinh toan tiép theo.

3. PHUONG PHAP BAN THU'C NGHIEM XAC PINH MOT SO PAC TiNH
HOAT PONG CUA PONG CO PHAN LUC PIEN

3.1. Piéu kién bién va sai s ciia bai toan
3.1.1. Xay dung phuong trinh bién
Muc dich xay dung phuong trinh bién la xac dinh dac tinh cong suét cuc dai, lyc day

cuc dai tu cac thong s6 cua nha san xuat v6i toc do bay V = 0, lam diéu kién bién cta bai
toan tiép theo.

Trong di€u kién P = 0 thi T = 0. Nhu vay, ta thiét lap dugc dac tinh lyc day theo cong
suat theo phuong phap noi suy tir cac tham so6 thuc nghiém.
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Hinh 4. Phuwong trinh bién khi V = 0.
Dé thuan tién trong tinh todn, st dung da thirc ndi suy bac 2:
T ..=-0.00000073.P2, +0.01827642.P_ (8)
Nhu vay, tir phuong trinh bién, c6 thé xac dinh cong suit va luc day trong diéu kién V
=0 trong moi gia tri Pmax (trc 1a dai cong suat cuc dai tai cac gié tri dién ap khac nhau).
3.1.2. Sai 56 cuia bai todn
Pa thirc mé ta didu kién bién (1) chinh xac trong nhing truong hop lan cén mdc cac
diém duoc ldy tir thue nghiém, tuy nhién, néu ngoai pham vi thi nghiém da thtc nay
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chédc chin co sai s6 dan dén két qua HPT (8) khong chinh xé4c nita. Do d6, can phai c6
phuong phéap hiéu chinh lai da thirc n6i suy (1) sao cho moi nghiém cia HPT (8) déu
phai thoa mén trén toan bo mién gia tri bién véi sai s6 cho phép. Phuong phép xac dinh
sai sO s& duogc gidi thiéu trong cong trinh nghién ciru sau nay cla tac gia.
3.2. Phwong trinh ban thuyc nghiém va phwong phap giai

Két hop HPT (7) va phwong trinh (8) nhan dugc hé phuong trinh ban thyc nghiém:

ax = T (Pra)
T =m(V, -V)
P.=T.(V+V)+7,.P, +1,,V’ 9)
m=p.S;,.(V +V)
S, o Vinp = =SV,

out*

Céc bién trong HPT (9): Vhoac T, v, m, Ve. Tuy nhién, so v&i h¢ phuong trinh (7) thi
diéu kién dau vao va bién sb khac nhau, myc dich quan trong nhit d6 1a cén xac dinh cac
ham T-V(P) tai cac gia tri cong suét khac nhau, T- -P(V) tai céc gid tri tdc d6 khac nhau.

Phuong phap giai: Trong nhiéu bai toan, c6 thé dwa vé dang hé phuong trinh vi phan
(giai bang phuong phap Runge-Kutta) hodc hé phuong trinh vi phan da bién (giai bang
phuong phap sai phan hitu han). Mdi phuong phap c6 uu nhuge diém riéng nhung
phuong phép sai phan hitu han cho sai sé dang ké. Tuy nhién, do bai toan khong qué
phtrc tap nén tac gid sir dung phuong phap tinh toan don gian hon.

St dung phuong phap bién thién hang sé ddi v6i gia tri cong sudt Ppax tir da thure ni
suy (8), tir do, xac dinh dugc Tmax. VO1 moi dai luong lugng (Tmaxi, Pmaxi) 1 dau vao cho
mot hé nghiém can xac dinh. Tlep tuc blen thién hang sd di voi T hodc V, hai gia tri T
va'Vcod thé hoan vi giira bién sb hodc sb gia tuy thudéc muc dich xac dinh nhitng ham nao
can xac dinh.

Diéu kién bién cta T va V: Néi chung, sir dung phuong phap sO co thé giai nhanh
duoc HPT (9), tuy nhién, s& xuét hién cac nghiém vo nghia khi giatrl sO gia vuot qua gia
tri nhat dinh. Trong thuc té, d6 1a khi dong co khong con luc ddy — day ciing 1a bién cudi
clia bai toan. Vay, can phai han ché bai cac didu kién sau: {(T >0 hodc P > 0) va (v > 0)}.

3.3. Két qua
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Hinh 5. 6 thi phu thudc cua luc dcfy vao Hinh 6. Do thi phu thudc cua hiéu sudt vao
toc do bay o cdc che do cong suat khac nhau.  toc do bay o cdc ché do cong sudt khac nhau.
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Hinh 7. Do thi phu thuéc cong suat dong co Hinh 8. Do thi phu thudc cac gia tri cuc dai
vao lyc day o cac toc do khac nhau. vao cong sudt (cdc nghiém bién).

3.4. Nhin xét vé két qua

Bai bao khong sur dung ly thuyet 1a canh dé tinh toan lyc kéo vi théng qua cac hé sb
va gia thiét s& mic sai s, dan dén két qua s& sai khac nhiéu va viéc tinh toan ciing kha
phuc tap. Tuy két qua ctia bai bao chua duogc kiém ching boi thuc nghiém, nhung nhiing
két qua nhan dugc (hinh 5, 6, 7, 8) gin ding vdi cac thong sé do nha san xuit dua ra (tai
céc bién), dong thoi hoan toan thoa mén 1y thuyét dong luong va gia thiét duoc thé hién
qua HPT (9).

Néu sir dung dong co JP120 co thé dép ung cho KCB dat téc d6 16n nhét khoang 83
(m/s) véi luc day cuc dai 48.5 (N) tai mutc cong sudt ngudn dién 4500 (W). Toc do bay
cang cao thi hidu suat va luc déy cang giam, dong thoi lam cho cong suat dong co giam
theo (do déc tinh phy thude tuyén tinh gitra dién ap va tbe do vong quay canh quat nén
dong co khong thé ting toc do quay dé dat dugc cong suét mong muon khi dién ap
nguon dién c6 gidi han). Vay, muon dat tbc do cuc dai 16n can phai ting dién ap cua
nguodn dién.

S6 liéu dau vao can thiét dé giai bai toan rat it, khong can do dac qua chi tiét cic tham
s6 kich thude hinh hoc. Chuong trinh tinh todn don gian, giai nhanh chong (hinh 9), dap
tng tot yéu cau vé thoi gian so v6i nhitg phwong phép tinh toan khac.

Tdc dd chuyén dong KCB (m/s):
[> #r=0

Cong suét canh quat cue dai (W):
> Pd‘c = 4884

P, i= 4884
Luc ddy cuc dai (N):

L 2 b
> T:=-0.00000073-P,* + 0.01827642 P, ]

T:= 71.84901240

[> nr=o0.11;
ni = 0.11

[> n2:=0.1351585455;
n2 = 0.1351585455

> HPT:= salve[ {

T=m (V,~ V),

P, =T (V+v) + Py nl+n27,
m=rho_-(V+ v)-Smp,
(FP4v)S,,=7,5,,, }

{m, v, 7, V}];

HPT = {IV: 0.8299700447,IVEZ 77.80786318, m=0.9333720303, v= 54.15217973}
Hinh 9. Mot vi du vé sai so toc do V khi giai HPT (8) khi sir dung phwong trinh bién.

Tap chi Nghién ciru KH&CN qudén suw, S6 Déc san Co hoc va Piéu khién thiét bi bay, 10 - 2021 151



Co kj thugt & Co khi dpng lyec

Tir két qua nay ciing cho phép tinh toan duoc ning lugng ngudn dién can dap tng du
cho nhiém vu cia KCB — phuong phap tinh toan nang lugng nguodn dién s€ dugc trinh
bay trong cong trinh nghién clru sau nay cua tac gia.

4. KET LUAN

Trong giai doan thiét ké so bo hodc lua chon dong co thi chua thé c6 ngay nhung ban
v& chi tiét vé bién dang 14 canh, kich thudce chi tiét. Nhu vay, cac phuong phap phan tir 14
canh, 1y thuyét xody,... va cic phan mém tng dung CFD, EDF fan online déu khong thé
ap dung duoc.

Duya trén 1y thuyét dong luong két hop véi mot s6 tham sb thyc nghiém, bai bao da
dua ra phuong phap tinh toan cac dac tinh hoat dong cua mot loai dong co PLD. Tac gia
d3 toi gian hoa nhing gia thiét va  phuong trinh toan hoc de bai toan don gian nhat. Pau
vao clia bai toan 12 mot s tham sb thuc nghiém va thong sé hinh hoc cta dong co, chinh
nhitng két qua thuc nghiém da boc 16, phan 4nh diy du ban chat, dic tinh hoat dong cua
dong co PLD va dugc st dung, khai thac triét dé. Phuong phap nay lam co s¢ tham khao
trong viéc nghién ctru thiét ké ché tao KCB sir dung dong co PLP.

Két qua nhan duoc 1a cac dic tinh hoat dong ctia dong co PLD tai cac ché do toc do,
luc déy, cong suét khac nhau. Pugc thé hién dudi dang bang s6, dd thi phu hop va dﬁy
du khi su dung cho bai toan thiét ké hé théng KCB vé mit dong lyc hoc (bai toan dong
luc hoc chuyen dong cua KCB) [1]. Dong thoi, cho phép lya chon nhitng dac tinh lam
viéc dé toi vu theo ting tiéu chi: hiéu sut, luc ddy, téc d6 can wu tién.
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ABSTRACT

DETERMINATION OF SOME BASIC OPERATIONAL CHARACTERISTICS
OF ELECTRIC DUCTED FAN BY COMBINING EXPERIMENTAL
AND THEORY METHOD

In general, electric ducted fan (EDF), the thrust-speed characteristics depend
on to provided power or efficiency characteristics depend on moving speed, there
are quite a lot changes of the characteristics during operation and play an
important role in flying system design. This paper presents a method to build and
dertermine some basic working characteristics of an electric ducted fan by
combining momentum theory and some test parameters provided by the
manufacturer. The results of this paper are intended to support the system design
in the early stages, approach to practice results closer before making a decision to
create prototype or buy ready-made products.

Keywords: Thrust-speed characteristic; Efficiency characteristics; Ducted fan; Flying object.
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