Nghién ctru khoa hoc cong nghé
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Tém tit: Bai bdo trinh bay mét phirong phdp xdy dung mé hinh tinh todn va mo
phong luéng phut dong san pham chdy sau déng co tén lira nhién liéu rdn bang phan
mém Ansys CFX. Phu’ong phap mé phong don gian, xdac dinh dwoc sy phan bé nhiét
dé, van toc dong khi va kich thiede luong phut. Két qua nghién ciru dwoc sit dung
lam co s6 tinh todn thiét ké gid, bé phéng va ddt ra cdc chi tiéu cho déng co.
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1. PAT VAN PE

Viée nghién ctru cac thong s6 ludng phut dong chay san pham chay (SPC) sau dong co
tén Itra nhién liéu rin (DTR) dang dugc quan tdm nhitng nim gén day. Tinh toan cac ché do
phut khi tir loa phut, kich thudc, nhiét d tai nhan dong ciia ludng phut, gitip hoan thién tot
hon thiét ké dong co, bé phong ctia hé thdng vii khi. Tuy nhién, hién nay chua co nhiéu
nghién ctru, tai liéu trong nude vé van dé nay. Cac két qua nghién ciru 1y thuyét trudc day
thuong sir dung cac cong thirc c6 nhiéu hé sé thyc nghiém va phwong phap tinh phic tap.
Viéc do cac thong s6 nhiét do, van toc tai nhan dong luéng phut dong SPC kho khan. Hinh
anh, kich thudc cua ludng phut c6 thé do duoc bang camera chuyén dung dit tién, ton kém
vé kinh té va két qua khong chinh x4c. Tur d6, dat ra yéu cau phai tim kiém phuong phap
riéng dé md phong, tinh toan cic thong sd luf)ng phut dong SPC. Bai béo trinh bay mét
phuong phap mé phong luéng phut dong SPC bang phan mem Ansys CFX, qua d6 xac dinh
duoc cdc thong s6 dong chdy, hinh anh, kich thugce luong phut. Phuong phap mé phong, tinh
toan don gian, nhanh, gitp tiét kiém thoi gian, kinh té. Két qua thu duoc, co thé kiém chimg
boi thue nghiém, 1am co s¢ dé nghién ciru thiét ké gia, bé phong trong hé thong vii khi.

2. CHUYEN PONG CUA DONG SPC TRONG VA SAU LOA PHUT
2.1. Céc ché dj 1am viéc ciia loa phut

Loa phut rt quan trong trong dong co tén lira nhién liéu rdn. No ¢6 vai tro tao ra luc
day thong qua qua trinh dén no, tang tbc dong san pham chay va 1a noi dién ra qué trinh
bién d6i nhiét ning chay nhién liéu thanh dong ning dong. Dong SPC dugc phut tur buong
d6t vao loa phut va ra mdi trudng xung quanh véi van tdc va nhiét do cao, tao nén luc day
cho dong co. Gia tri luc day cua dong co duogc tinh bdi cong thic [1]:

P=mw, + (p, — py)F,, (1)
trong do, m la luu luong phut khi; @, , F, 1a van téc dong khi, dién tich tiét dién tai cira ra
loa phut; p,, p. 13 4p suit moi truong va ap suét tai tiét dién cira ra cua loa phut.

Dong chay SPC duoc ting toc t6i gid tri vugt 4m chay qua loa phut méi truong ngoai
c6 3 ché d6 lam viéc [2]:

- Ché d6 gian no khong hoan toan: ap sut tai cira ra loa phut 16n hon 4p suit moi
trudng p, > p, , truong hop nay, loa phut ngan hon so véi loa phut lam viéc & ché do tinh
toan (hinh 1.a). Van tdc tai cira ra loa phut bé hon, do d6 gia tri lyc déy nhé hon so v&i ché
d0 tinh toan.

- Ché a6 tinh toan: ap suét tai cira ra loa phut bang ap sudt mdi truong p, = p,, vé
mat 1y thuyet lyc day P trong trudng hop nay dat gia tri 16n nhét (hinh 1.b).

- Ché d6 gidn nd hoan toan: ap suit tai cira ra loa phut nho hon ap suit méi trudng
Pa < pu, trudng hop ndy 1am giam gia tri luc ddy dong co. Khi hiéu p, - p, 10n, s& giy ra
hién tugng tach cac 16p khi ciia dong & 16p bién xung quanh thanh loa phut va song va dép
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s& xuat hién siu trong phan vuot 4m loa phut gdy nén tén thit ning luong cia dong, lam
giam toc d¢ chuyén dong dong khi tai tiét dién ctra ra (hinh 1.c).
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Hinh 1. So do phan tich cic ché dg lam  Hinh 2. Hinh anh luong phut khi theo
) vi¢c cua loa phut. cdc che dg lam viée cia loa phut.
Cac ché d¢ phut khi cta loa phut dugc xac dinh boi gia tri d§ 1éch ap suat:
Pn

Tuy theo cac ché d6 phut khi, ludng phut s& c6 cac hinh dang khac nhau [2]:

- Trong ché d6 gian nd khong hoan toan, ludng phut khi loe rong, hiéu qua lyc day
khong cao (hinh 2.a).

- O ché d6 tinh toan: ludng phut khi bam sat thanh loa phut, gia tri lyc ddy 16n nhat
theo 1y thuyét (hinh 2.b).

- Trong ché d6 gidn nd hoan toan, ludng phut khi bi thit lai (hinh 2.c,d), ludng phut
dong SPC khong bam sat thanh loa phut.

2.2. Chuyén ddng ciia dong SPC trong va sau loa phut

Chuyén dong cua dong SPC trong loa phut dong co tén lira nhién liéu ran da duoc
nghién ctru trong tai lidu [5]. Sau day trinh bay dic diém dong SPC sau loa phut va mo
hinh tinh toan n6. Thong thudng, ludng phut dong khi SPC sau loa phut DTR & ché d¢ tinh
toan c6 cdu trac nhu trén hinh 3 [2].

a
T XK =

Xp Xc¢ Xk

W, P T

Hinh 3. So d@6 luong phut khi SPC sau loa phut PTR.
a-a- tiét dién cira ra cia loa phut; W, p,, T,-vin téc,dp sudt, nhiét dé dong SPC tqi cira ra;
1,2- séng xung kich trong luéng phut; A,B- vi tri va ddp cia cdc song xung kich;
3,4 — song xung kich ra méi truong xung quanh;
Xy~ phdn co ban ciia luong phut; x.- phan chuyén tiép ciia luong phut;
Xi- phan két thiic ciia luong phut;
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Trong d6 cac duong 1,2,3,4 la cac song xung kich trong va ngoai luéng phut. Puong
song xung kich 1 ¢6 xu huéng giao nhau tai tryc dong tai diém A. Van téc dong khi duoc
tang toc dén toc do vuot am qua loa phut, sau do dan giam dan theo chiéu dai x, trén truc
dong, giam dén vén tbc 4m thanh 1 M trong khoang x., sau do tiép tuc giam séu trong
khoang x;. Pén tiét dién cach cira ra loa phut x, + x. +x;, 4p suat dong SPC bang voi ap
sudt moi truong. Tai vi tri nay dong chay hau nhu khong con tac dong co hoc nao dang ké,
va dan tiéu tan vao moi truong xung quanh. x, 13 chidu dai phan co ban cua ludng phut, x.
1a phan chuyén tiép, x; 1a phan két thuc ludng phut, x, + x, +x; 1a chiéu dai gi6i han cia
ludng phut [3].

Mo hinh tinh toan cac thong sé dong SPC sau dong co tén lira nhién liéu ran sir dung
hé phuong trinh vi phan chuyén dong ciia dong khi:

d
E(p oF)=0, (Phuong trinh lién tuc)
d 5 dF
E[(p ' +p)F J P (Phuong trinh bdo toan dong lugng)  (3)
2
di{ poF [i +%H =0, (Phuong trinh bao toan nang luong)
X
p=pRT, (Phuong trinh trang thai)

trong d6: p, @, T, p — mat do, van tbc, nhiét do, ap sudt ciia dong SPC; x — toa dd tiét dién
doc theo truc L cta loa phut; F - dién tich tiét dién ngang loa phut; / — entalpi cua khi.
Dong SPC sau dong co tén lira nhién liéu rén c6 nhiét d6 va ap suit giam nhleu SO VoI
trong budng dbt va trong loa phut. Ap sut giam hau nhu khéng con dang ké. Van toc dong
chay ting dén tdc d6 vuot 4m tai phan vuot am clia loa phut, sau d6 phut ra méi trudng xung
quanh. Van téc dong SPC cao tai nhan ludng phut sau d6 giam dan theo chiéu dai ludng phut.

3. MO PHONG LUONG PHUT DONG SPC BANG ANSYS CFX

Sau ddy trinh bay phuong phap mé phong, tinh toan gan ding ludng phut dong SPC
sau DTR bang phan mém ANSYS CFX. Noi dung gdm cac budc chinh sau:

- Xay dung mé hinh mé phong, tinh toan bang phan mém Design Modeler;

- Chia lu6i mo hinh bang phan mém ICEM CFD véi chat luong cao, dam bao do
min can thiét dé thé hién dugc luéng phut dong chay SPC rd nét nhét;

- Thiét 1ap cac diéu kién bién;

- Dit didu kién hoi tu, giai bai toan;

- Danh gia két qua tinh toan, két luan.
3.1. M6 hinh hinh hoc

Bai bao chon loa phut dong co phong 78DT trén tén lra Kh35-E dé mo phong, tinh
toan luong phut dong SPC sau dong co. Thoi diém luwa chon d€ mé phong 1a thoi diém
dong co hoat dong 6n dinh, &p suat trong buong dot dong co dat khoang 11,5 Mpa.

Hinh 4. Mé hinh khéng gian luong phut khi SPC sau PTR.
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Co6 thé lya chon mé hinh khong gian luéng phut SPC hinh try hogc hinh hdp chit nhat,
tuy nhién mo hinh hinh c6n 14 wu diém nhat vi dé dang chia lu6i dé thé hién rd nhan ludng
phut hon, gidm kich thudc ludi, thoi gian tinh todn, mé phong. Do d6 bai bao Iyra chon mo
hinh tinh todn hinh c6n véi goc nghiéng o=10° (nira goc mé phan vugt 4m loa phut dong
co phong 78DT tai tiét dién cira ra 1a 710°14°) (hinh 5). Ctra ra loa phut dong co phong
78DT c6 duong kinh 200 mm, do d6 mé hinh tinh toan dugc x4y dung bang phan mém dd
hoa DesignModeler vdi cac kich thude thuc té cuia nhu sau:

7 2
Y m
™
g = B — — ——- S S — -
0 X <

Hinh 5. Kich thudc mdt cdt doc mé hinh khéng gian luong phut SPC.
1. Phan khéng gian trong loa phut; 2. Phan khéng gian luong phut SPC.

3.2. Chia lwéi mé hinh moé phéng, tinh toan

Sau khi xay dung xong md hinh hinh hoc. Sur dung cong cu chia lugi ICEM CFD trong
g6i ANSYS WORKBENCH d¢ chia lu6i cho mé hinh.

Chia luéi 1a mot trong nhitng phan quan trong nhat cia bai toan md phong. Co qua
nhiéu phén tir ludi khién viéc giai bai toan tré nén lau va néu ludi qua thua thi ciing din
dén cac két qua thiéu chinh x4c. So dd ciu tric va vi tri chia luéi duoc md ta trén hinh 6.
Phan nhan mé hinh s& 1a vi tri ludng phut dong SPC nén dugc chia ludi min hon, v6i sb
lwong cac nat, mat ludi nhidu hon. M6 hinh duoc chia ludi gdm c6 145368 phan tir.

Hinh 6. Vi tri chia lu6i mé hinh khéng gian luong phut khi SPC.
3.3. Thiét 1ap cac diéu kién bién
Ludng phut dong SPC sau loa phut thyuc té c6 thanh phan cac chit rat phirc tap. Trong
khuén kho bai bao, gia thiét dong khi ludng phut SPC 1a khi 1y tuong.

Diéu kién bién thiét 1ap cho bai toan: Bing 1. Thiét ldp diéu kién bién.
Tén bién Kiéu bién
Cua vao mo6 hinh Inlet Pressure_Temperature inlet
Cua ra mo hinh Outlet Pressure  Outlet
Thanh md hinh Opening Opening
Mién tinh todn FLUID Air Ideal gas

Céc thong so diéu kién bién duoc lay tir két qua tinh toan mo phong dong san pham
chay trong khong gian loa phut [5]:

- Ap suit cira vao mé hinh (ctra ra loa phut): p, =0,17 Mpa;

- Nhiét @0 ctra vao mo hinh: 7, = 1300 K

- Van téc dong ctra vao mo hinh: W, =2400 m/s;
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- ,Ap sudt moi trudng (cira ra mé hinh) : p,= 0,1 Mpa.
3.4. Ket qua m6 phéng

Trén co s& lua chon cac diéu kién bién nhu trén, chon cac diéu kién hoi tu: max
interations: 150; residual type: RMS; residual target: 1e-6. Sau khi giai ta thu dugc két qua
md phong. Két qua md phong duogc trinh bay trén hinh 7.

Hinh 7. Sy phén bé vén téc va
nhiét do, ap suat luong phut SPC
sau dong co phong 78DT.

Két qua mo phong thé hién duoc cac 16p dong chay va 16p bién cia ludng phut SPC.
Van téc dong chay SPC dat 3,2 M tai ctra ra loa phut, sau d6 giam dan doc theo truc luéng
phut. Tai cac vi tri song va dap, van toc dong chay giam dan dén 4p suit, nhiét do ting.
Hinh anh cac séng va dap dugc lap lai, sau do tiéu tan dan do sy pha tron véi khong khi
trong mdi truong xung quanh (hinh 6). Nhiét do tai nhan ludng phut dat cao nhéat khoang
1500K diéu nay thé hién trén do thi nhiét do ludng phut SPC tai nhan dong doc theo truc
ludng phut OX (hinh 8).

Hinh 8. Do thi vin toc va nhiét dg luong phut khi SPC tai truc nhan dong.
Céc thong sb ludng phut dong SPC sau loa phut dong co phong 78DT dugce trinh bay
trong bang 2: ) o
Bdng 2. Keét qua tinh toan cdc thong so luong phut dong SPC.

Théng so Gia tri
Chiéu dai phan co ban ludng phut, m 7
Chiéu dai gii han ludng phut, m 15,6
Ban kinh 16p bién ludng phut, m 1
Nhiét 6 cao nhat tai nhan dong luéng phut, K 1500
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Khao sat trén 3 tiét dién ngang 1, 2, 3 c¢6 khoang cach tir ctra ra loa phut 1an luot 13 1m,
2m, 7m nhu sau:
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|
Hinh 9. Vi tri cdc tiét dién ngang khdo sdt.

Do thi cac thong s6 van tdc, nhiét do dong khi trén cac tiét dién ngang khao sat tu
nhan dong ra 16p bién (truc OY) duoc thé hién trén hinh 9.
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Hinh 10. D6 thi vén téc, nhiét d dong khi trén cdc tiét dién ngang khdo sdt.

Van tbc, nhiét do dong SPC ctia luéng phut trén cac tiét dién ngang giam dén tir nhan
dong ra 16p bién. Tai tiét dién 1, dong khi c6 van toc khoang 2200 m/s, nhiét do 1300 K
tai nhan dong, ra dén 16p bién chi con khoang 10 m/s, 300 K . Téi tiét dién 2, dong khi c6
van tdc khoang 1400 m/s, nhiét @ 1500 K tai nhan dong, ra dén 16p bién chi con khoang
10 m/s, 300 %K. Tai tiét dién nay, dién ra su va dap cua song xung kich din dén van toc
giam, nhiét do tang (hinh 8). Bén tiét dién 7, van toc giam sau con khoang 350 m/s, nhiét
d6 730 %K tai nhan dong va 10 m/s, 300 K tai 16p bién. Nhu vy van tdc dong khi gan bang
v&i van tbe Am thanh 1 M, va day chinh 1a tiét dién dic trung cho chiéu dai phﬁn co ban
ctia ludng phut SPC (tiét dién tai diém B, hinh 3). Tai tiét dién c6 ban kinh 16p bién 1m,
cac thong sd vén toe, nhiét do dong SPC 14 10 m/s, 300 %, hau nhu khong con tac dung co
hoc v6i mdi truong. Khoang cach tir tiét dién nay dén cira ra loa phut 1a chiéu dai gioi han
ludng phut 15,6 m.

Két qua md phong can dugc kiém tra do chinh xac bang thir nghiém do cac s liéu
trong cac tai liéu nudc ngoai dugc gitt bi mat, chua dugc cong bo. Dua trén két qua thu
dugc, c6 thé nghién ciru danh gia anh huéng cua ludng phut sau dong co 78DT 1én bng
phong 3C-34E va bong tau.

4. KET LUAN

Bing phuong phap moé phong su dung phan mém Ansys CFX, bai bao da dé Xuat
phuong phap xac dinh cac thong s6 ludng phut SPC sau dong co tén lua nhién liéu ran
Trong d6 xac dinh dugc chiéu dai; ban kinh 16p bién luong phut, nhiét 9, van tde, ap suét
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cua ting tiét dién trong dong SPC. Phuong phap mé phong cho két qua nhanh c6 thé dung
trong thiét ké dong co tén lira nhién liéu ran va lam co s dé nghién ciru, thiét ké gia, bé
phong cho cac hé thong tén lira.
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ABSTRACT

STUDY ON SIMULATING FLOW OF FIRED PRODUCTS
FROM SOLID-FUEL ROCKET ENGINE

This paper presents a method of modeling, calculating and simulating the flow

of by-products from solid-fuel rocket engine by using Ansys CFX software. This
simple simulation method is employed to determine the range of temperature,
stream velocity and diameter of ejecting flow. The obtained results can be applied
as theoretical basis for calculating the base, launching stage and parameters for
the engine.

Keywords: Simulation, Flow , Engine, Rocket, Solid fuel.
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