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Tom tit. Ejector la thiét bi quan trong nhét trong cac hé thong may lanh ejector. Nhiéu nghién ciru chi ra
rang viéc t6i wu hoa hinh hoc ejector s& gitip ning cao hiéu qua lam viée cua chu trinh lanh ejector. Trong
bai bao nay, mét ejector R134a str dung trong chu trinh lanh tich hop ejector-may lanh ¢c6 may nén hoi dugc
phan tich CFD. Cac kich thudc hinh hoc chu yéu cua ejector da duoc thiét ké so bd dua trén cidc md hinh
1D. Cac két qua tinh toan chi ra ring, ty 1& dién tich tdi wu cua ejector trong diéu kién thi nghiém (nhiét d6
phét sinh 80°C, nhiét d6 bay hoi 15°C, nhiét d6 ngung tu 34°C) 1a 8,88 va ty 1é t6i uu giita chiéu dai va
duong kinh than 6ng nim trong khoang tir 2,35 dén 5,08.
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1 GIOI THIEU

Trong nganh cong nghiép k¥ thuat lanh, mdy lanh c6 mdy nén hoi da tro thanh phuong phap chu yeu trong
sudt mot thoi gian dai. Tuy nhién, do tinh trang can kiét nguon nguyén li€u hoa thach va yéu cau bao vé
mdi trudng ngdy cang ting, cic nha nghién ciru da tim cach d6i méi phuong phap 1am lanh va diéu hoa
kh@ng khi bﬁng cach st dung nguén nang lugng tai tao, giam lugng di€n nang tiéu thyu va nang cao higu
suat [1].

Mot giai phap dugc chii y hién nay 1a st dung chu trinh lam lanh va diéu hoa khong khi dya trén nhiét
ning. Ngudn ning luong diu vao co thé 1a nhiét ning mit troi hodc nhiét thai duoc thu hdi tir qua trinh
cong nghiép. Trong cac chu trinh nhu véy, chu trinh ejector co nhiéu uu diém nhu don gian, thiét bi gon
nhe, chi phi van hanh thap. Nhugc diém chinh ciia chu trinh ejector 1a hiéu qua lam lanh thap [2], [3].

Bing cach két hop chu trinh ejector va chu trinh may lanh may nén hoi, ta c6 thé tan dung uu diém cua
cé hai hé thong. Viéc két hop nay giup néng cao hiéu suat tong thé ctia hé thong 1am lanh va diéu hoa khong
khi. COP nhiét ctia chu trinh két hop c6 thé cao hon so véi chu trinh ejector don va dong thoi giam thiéu
tiéu thy dién ning cia may nén so voi chu trinh may lanh may nén hoi don [2], [4]. Piéu nay mang lai loi
ich vé mat kinh té va méi truong, giam thiéu tiéu thy ning luong va cac khi thai nha kinh.

Ejector 1a thiét bi quan trong nhat trong tit ca cac chu trinh lanh sir dung ejector. Thiét ké cua ejector
dong vai tro cuc ky quan trong trong qué trinh ndy. Muc tiéu ciia viéc thiét ké t6i wu ejector 1a giam thiéu
tinh bat thuan nghich cta cac qué trinh xay ra bén trong ejector [4]. Nhiéu nghién ctru 1D da duoc thuc
hién nham t6i wu hoa hinh hoc ejector voi cac méi chit khac nhau [5], [6], [7]. Tuy nhién, dé hiéu rd hon
cac dic tinh vé dong luu chat bén trong ejector tir d6 dua ra cac phan tich chinh xac hon va thiét ké hinh
hoc t6i wu hon, cac phan tich CFD nén duoc tién hanh.

Rusly va cac cdng su [8] sir dung phan mém thuong mai Fluent dé mé phong dong qua ejector R141b
v6i md hinh khi thyc. Anh huéng cua ciu trac hinh hoc 1én hiéu qua cua ejector cling duge phan tich bang
phuong phap sO. Cac két qua CFD duoc so sanh vo1 thye nghiém va cho két qua tuong dong tot. Tac gia
két luan rang viéc lwa chon diing mé hinh rdi déng vai trd quan trong trong viée tién doan qua trinh hoa
trén xay ra bén trong ejector khi nghién ctru bang CFD.

Bartosiewicz va cac cong su [9] sir dung mo hinh CFD dé m6 phong cho ejector hoat dong véi moi chat
R142b trong cic may lanh va bom nhiét. Ciing nhu nhiéu nghién ctru khac, tac gia thay rang ddi voi mdi
ejector ¢6 hinh dang hinh hoc xac dinh thi diéu kién van hanh c6 anh hudng rat 16n. Két luan dang chi y
trong bai bao nay 1a viéc ty 1¢ 161 cudn chiu anh huéng chi yéu boi dong bi 16i cudn, , trong khi qua trinh
nén chu yeu x4y ra trong buong hoa tron. Néu qua trinh hoa tron xay ra tai cra ra cua ong thir cap, ty 1¢ 16i
cubn s& giam manh va co thé xay ra hién twong dong nguoc. Do dé, cin chi ¥ khi thiét ké cac bd phan nay
cua ejector.
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T. Sriveerakul va cac cong sy [10] str dung m6 hinh CFD dé tién doan hiéu sudt cua ejector hoi nudc
trong cac ing dung lam lanh. Téc gia s dung phan mém thuong mai Gambit 2.1 dé chia lu¢i va FLUENT
6.0 dé xir ly bai toan. Rét nhiéu khia canh khac nhau cta ejector dugc khai thac va so sanh voi cac phan
tich 1y thuyét va thuc nghiém cta cac tac gia khac nhau nhu: ap suét tinh doc theo ejector, anh hudng cua
diéu kién van hanh 1én hiéu suit j ector, ap sudt ngung tu t61 han... Tac gia nhén thdy rang nhiéu truong
hop phén tich CFD cho twong quan tbt trong khi d6 mot sO truong hop khac lai khong du thuyet phuc. Tac
gia cho rang cong cu CFD khong du manh dé tién doan hiéu suat ejector nhung né ciing gitp hiéu sau hon
vé cac qué trinh dién ra trong ejector.

Scott va cac cong su [11] str dung mo hinh ri tiéu chuan k- dé md phong ejector. Cac két qua CFD
nay da dugc kiém ching véi cac két qua thuc nghlem ejector v6i moi chat R141b va R245fa va so sanh véi
mdi hinh 1 chiéu ctia Ouzzane va Aidoun. Tac gia thiy rang mé hinh CFD cho két qua sat v6i thue nghiém
hon so véi md hinh 1 chiéu.

Varga va cac cong sy [12] tién hanh phan tich ejector hoi nudc bang cong cu CFD. Diéu kién van hanh
duoc xac dinh trong khoang cac ing dung diéu hoa khong khi bang nang luong mat troi. Anh huong cua
ty 1¢ dién tich va ty 1¢ 161 cu6n dugc nghién ciru. Cac tac gia két luan rang ton tai mot gia tri toi uu dbi voi
cac yeu t5 hinh hoc nay. DPdi v6i mot gia tri nhi¢t d6 phat sinh va bay hoi xac dinh, ty 1€ 161 cudn tang khi
ty 1¢ dién tich ting va diéu nay din dén ap suat ngung tu t6i han giam. Nhom tac gia cling danh gia cong
cu CFD hiéu qua hon hén so v&i cac phuong phap s6 1 chiéu nhat 1a trong cac phén tich phuc tap.

Allouche va cac cong sy [13] tién hanh phan tich clu trac dong chay trong ejector hoi nude dé xac dinh
dleu kién van hanh pht hop cho hé thong diéu hoa khong khi bang nang luong mat troi. Anh huong cua ap
sudt ngung tu dugc nghién ctu. Nhom tac gia thay rang, dbi v6i ap suat ngung tu rt thap, c6 thé ton tai hai
lan tang ap dot ngdt riéng biét trong dng khuéch tan 1am cho hiéu suét nén giam, tuy nhién n6 khong anh
hudng truc tiép dén ty 18 16i cuén. Anh hudng cia nhiét do phat sinh ciing dwoc nghién ctru. Khi nhiét do
phat sinh thay d6i, ty 1& 16i cudn tdi uu c6 thé tim duoc tng vai mot gia tri nhiét d6 ngung tu xac dinh.

Trong bai bao nay, phan tich CFD s& duoc tién hanh cho ejector R134a st dung trong chu trinh tich hop
ejector — may lanh c6 may nén hoi. Ejector dugc st dung trong chu trinh tich hgp phai c6 hinh hoc khac
V6i ejector trong chu trinh lanh ejector thong thuong [14]. Cac kich thudc chii yéu cua ejector R134a da
dugc tinh toan thiét ké trong [14]. Nhim dam bao phuong phap mé phong 1a chinh xéac, tac gia da thuc hién
mod phong ejector trén md hinh cua Scott va cac cong su [11] va kiém chimg v6i két qua thue nghiém trong
[5] va cac mo6 hinh 1D, CFD cua cac tac gia khac trong [2], [8].

2 EJECTOR VA CHU TRINH TiCH EJECTOR - MAY LANH CO MAY NEN HOI

2.1  Chu trinh tich hop ejector — may lanh c6 may nén hoi

Hinh 1 trinh bay so d6 nguyén ly va dd thi T-s cta chu trinh ghép tang ejector — may lanh c6 may nén hoi.
Tai binh phat sinh, méi chat nhan nhiét lugng tir moi trudng ngoai va bay hoi. Nang lugng cung cép cho
binh phat sinh c¢6 thé duoc tan dung tir nhitng ngudn nang lugng sin c6 nhu ning lwong mat troi hodc nhiét
thai tir cac qua trinh cong nghiép.

Hoi méi chat lanh & ap suét cao dugc phun vao trong ejector va 16i cudn theo dong méi chit ap suit thip
tir binh trung gian, sau d6 dugc hoa tron va di vao binh ngung. Trong binh ngung, moi chét lanh ngung tu
va mot phan dugc bom trd lai binh phat sinh, trong khi phan con lai di qua van tiét luu dé bay hoi tai binh
trung gian.

Binh trung gian déng vai trd nhuw mot binh bdc hoi — ngung tu dé két ndi giira hai tiéu chu trinh. Trong
tiéu chu trinh nén hoi, moi chat lanh ngung tu tai binh trung gian dugc dua qua van tiét luu sau d6 bay hoi
tai dan lanh va tang ap tai may nén dé tao ra mot chu trinh khép kin.
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Hinh 1: Chu trinh tich hop ejector — may lanh ¢6 may nén hoi va do thi T-s

2.2 Ejector
Hinh 2 trinh bay so do nguyén 1y va ché do hoat dong cuia ejector.
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Hinh 2: Ejector va déc tinh cua no

Do su chénh 1éch 4p suét giira binh phat sinh va thiét bi ngung tu, dong luu dong dugc dua vao trong
ejector & diém “1” véi tbe d6 ha 4m (hinh 2a). Khi dong luu dong di vao ving hoi tu cia ejector, ap suat
giam dan vao tdc do ting 1én (4p niang chuyén hoa thanh dong ning). Tai cb 6ng phun (diém “co”), dong
moi chat dat dugc tbc 4m thanh va chi sd Mach bang 1 (chi s6 Mach 4 ty 1¢ gitra tdc do dong luu chét va
toc do am thanh). Sau do, dong moi chit tiép tuc di qua vung phan ky cua ong phun lam cho ap suat giam
nhanh va toc do dong dat dén murc siéu am. O ctra ra cua ong phun (diém “r”), 4p suit dong luu dong tro
nén nho hon ap suét dong b1 161 cubn do d6 cudn theo dong moi chat ¢ viing ha 4 ap. Dong b1 161 cudn (diém
“27) di vao ejector, toc d6 cua no tang 1én va ap sut giam dan Pé dat duoc diéu kién dang entropy khi di
qua 6ng phun, 4p suat tai ctra ra cua dng phun phai bang ap suit budng hoa tron (diém “r’”). Dong luu dong
va dong bi 16i cubn bit dau thuc hi¢n qua trinh hoa tron ¢ budng hoa tron. Sau khi hoa tron, ¢ cubi than
ong, mot song xung kich phap tuyén (shock) Xxay ra, ap suét tang va toc do giam mot cach dot ngot (diém
“s”). Hién tuong ndy xay ra la do tr¢ lyc cua thiét bi ngung tu, toc do dong luu hoa tron giam xubng mirc
ha am. O éng khuéch tan, dong ning dong mdi chit dwoc chuyén hoa thanh ap ning (diém “3”) trudce khi
di ra khoi ejector.

Dé danh gia hiéu qua hoat dong cua ejector, ngudi ta dinh nghia ty s 16i cudén o 1a ty sb gitta luu lwvong
khéi lugng dong bi 16i va luu lwong khéi luong dong luu dong:

M2 )

w=—
my
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Trong d6: my (kg/s) 1a luu lwong khdi lugng dong luu dong va m; (kg/s) 13 luu lwong khéi luong dong
bi 16i cuén

biéu kién hoat ddng cua ejector c6 anh huong dén hiéu suat cia ejector. Tai mdi gia tri &p suét ciia binh
phat sinh va thiét bi bay hoi, so d6 hoat dong cua ejector c6 thé chia lam 3 vung: Vung to1 han, vung dudi
han va vang dong nguoc (hinh 2b). 6] vung t61 han, khi ap suat ngung tu nho6 hon mot gia tri ap suét t6i han
nao do, ejector dat dugc hiéu suét cao nhat va khong phu thudc vao ap suat ngung tu. O trong vung nay, ty
1¢ 16i cudn 1a hang s6 va hién tuong tiét luu xay ra & ca dong luu dong va dong bi 161 cuon. Khi ap suat
ngung tu cao hon ap suit ngung tu toi han Py, ty 18 16i cu6n giam nhanh ve€ gia tri 0, hién tuong tiét luu
chi xay ra ¢ dong luu dong ma khong xay ra & dong bi 16i cudn (viing dudi han). Néu ap sudt ngung tu 1én
hon Pnt, s& khong c6 hién tuong tiét luu ¢ ¢ ca hai dong va ejector khong hoat dong duoc (vung dong ngugc).

D6i vai hinh hoc ¢j ector, hai théng s6 khong thir nguyén duge quan tim nhat laty 1¢ gitra chleu dai than
éng va duong kinh than o ong va ty 1€ dién tich. Ty 1€ dién tich 1a ty 1€ gilia tiét dién than & ong va tiét dién cb
ong phun.

FLDT — Ao _ (%)2 2
, ACO dCO -

Trong do6: dy (mm) 14 dudng kinh than ong va deo (mm) 1a dudng kinh c6 6ng phun.

Hai thdng s6 hinh hoc nay s& dugc phan tich dé t6i wu héa hinh hoc ejector R134a véan hanh trong chu
trinh tich hop ejector — may lanh c6 may nén hoi.

2.3 M0o6 hinh toan hoc

Mién tinh toan trong CFD ¢6 thé lya chon & hé truc 2 chiéu, hé truc 2 chiéu dbi xung hodc hé truc toa do 3
chiéu. Thong thuong, dé mod phdng ejector, nguoi ta sir dung hé truc 3 chiéu hodc hé truc 2 chiéu d6i xung.
Céc phuong trinh dudi day duge xay dung trong khong gian 3 chiéu.

Phirong trinh lién tuc tong quat trong hé truc 3D dbi v6i luu chat nén duoc duoc cho boi cong thire [15]:
®)

P 4y ai =0
¢ T dw(pe) =

Trong d6: p va c lan luot 1a khdi luong riéng va toc do dong luu chat i
Phuwong trinh bao toan momentum theo 3 phuong x, y, z trong h¢ truc 3D lan lugt dugc tinh boi cac
cong thire sau [15]:

9 dp S 4
(pa Cx) div(pcec) = _6_ + div(ugrad c,) + Sy @
; g 5
(6ty) Hdiv(peyc) = T 9y tdiv(pgrad cy) + Suy ©
; 63’ 6
(ap z) dlU(pCZC) — _a— + dlv(ugrad Cz) SMZ ( )

Trong d6: ¢y, ¢y, ¢4, 12 cac thanh phan tdc do luu chat theo 3 phuong x, y, z

u 1a @6 nhot dong luc hoc cia luu chat

Smxr Smy»Smz lan luot 12 anh hudng ciia ing suat bé mit theo cac phuong x, y, z
Phuong trinh bdo toan nang lwong hé truc 3D c6 dang nhu sau [15]:

7
% + div(puc) = —pdivc + div(kgradT) + ® + S, 7

Trong d6:  u la ndi ndng dong chay
@ [a ham ti€u tan, dugc dinh nghia nhu sau:

Ac,\ dc,, 2 dc,\° dc, dc,y, 2 dc, dcy\° (')cy dc, 2 8
D =ui2|l=— — — —+—=
“z [<6x) +<6y> +(az) * 6y+ 0x +<6z ax) * 0z +6y
+ A(div c)?

Trong d6: A 1a d6 nhét dong hoc cua chét long.
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3  XAYDUNG MO HINH VA KIEM CHUNG PHUONG PHAP
3.1 XAy dung mo hinh
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a) Hinh hoc ejector b) Chia luéi
Hinh 3: Mb hinh ejector trong ANSYS-FLUENT va cau triic lu6i
Dé thuan tién cho viéc phan tich, danh gia va kiém chimg phwong phap, tac gia xay dung mo phong dua
trén hinh hoc ejector cuia Scott [11] vdi moi chat R141b. Hinh 3a trinh bay m6 hinh ejector voi cac kich

thude hinh hoc chi tiét duoc cho trong bang 1. Cac kich thude ejector E1 va E2 duge thé hién trong [11] sir
dung méi chat R141b nham xac thuc vdi két qua thue nghiém cua Huang va cac cong su [5].

Bang 1: Chi tiét kich thudc hinh hoc ejector sir dung trong mé phong

Ky Chiéu dai (mm) Ban kinh (mm)

hiéu | H H> Hs Hy Hs He Vi1 V> V3 V4 Vs Ve

El 40 | 32,24 | 356 | 5694 | 1832 | 1832 | 1155 | 665 | 132 | 225 | 349 | 704

E2 40 | 32,24 | 356 | 5694 | 1832 | 1832 | 1155 | 6,65 132 | 225 | 367 | 7,04

3.2  Chia lwéi

Céu trac ludi duoc Iya chon hau hét 1a cdu trac ludi tir giac [16]. Cac ving co truong dong chay cao nhu
6ng phun hoic than éng dugc chia day hon. Hinh 3b thé hién ludi tinh todn dugc thiét 1ap cho ejector E2.
Cac ejector khac dugc chia lugi theo phuong phap tuong tu.

Do mé hinh duogc st dung trong hé dbi xtng truc 2D nén hinh hoc va ludi chi can duoc v& trén mot nira
ejector. Ludi duge chia nhiéu 1an tir thd dén min dé két qua hoi tu va tiém can dan dén két qua chinh xac
nhat. S6 phan tir ludi sau ciing duogc chia cho cac ejector E1, E2 1an lugt 13 16600 va 17050 phén tir. Didu
kién hoi tu ludi ciing can duoc kiém tra ky sau khi chia lui.

3.3  Tinh chit vat Iy ciia méi chit

Céc tinh chat vat 1y can phai duoc thiét 1ap mot cach 1d rang trong CFD. Hart [17] d3 chi ra rang d6 nhét,
d6 dan nhiét va nhiét tri riéng cia moi chat khi dugc thiét 1ap 1a hang sb dua trén dong luu dong sé cho tién
doan chinh xac hon khi thiét 1ap tinh chat vat 1y ctia mdi chat & cac dang khac. Do d6, cac tinh chat vat Iy
duoc lva chon 1a héng s6 va duoc cho trong bang 2. Khbi lugng riéng ciia moi chét duoc tinh toan dya trén
céc dinh luét vé khi 1y tudng.

Béng 2: Tinh chat vat 1y cia R141b

Moi chat u (kg/ms) k (W /mk) ¢, J/kgK) Phan tir khoi
(kg/kmol)
R141b 0,00038 0,095 763 116,9

3.4  Cac thiét 1ap khac

M hinh réi dugc st dung trong mo phong s6 la md hinh rbi thuc k — &, c6 ké dén hiéu img nén trong toan
b ejector. Giai thuat dugc lya chon dé giai quyét cac phuong trinh vi phan 1a giai thuat ghép d6i. Cac diéu
kién bién duoc thiét lap cho ap suét vao va ra khoi ejector. Cac tiéu chuén hoi tu déu duogc thiét lap & 1076,
Céc hé s6 khac (hé sd liy bién dudi, hing sb trong cac mé hinh...) duoc giit nguyén theo cai dit mic dinh
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trong phan mém.
35 Két qua mé phong sb

Hinh 4 thé hién két qua mo phong ap suit doc theo chiéu dai ejector. Truc tung la 4p suat co don vi Pascal,
truc hoanh 1a khoang cach trén ejector c6 don vi mét. Cac két qua mo phong duoc thuc hién trén ejector E2
v&i nhiét do phat sinh (Tps), ngung tu (Tr), bay hoi (Twn) 1an luot 1a 78°C; 29,2°C va 12°C.

142605
1240005
105005

8620004
i o 002 om 00 L1 01 012 014 016 018
4890004

s —_— Positon (m)

a) Biéu do contour phan bd ap suat b) Ap suét tinh doc theo ejector

Hinh 4: M6 phong ap suét trén ejector E2

Céc qua trinh giam ap, hoa tron va shock dugc thé hién 15 trén hinh 4. Ap suit dong luu dong giam lién
tuc qua ong phun va dat ap sut bé nhét tai clra ra 6ng phun (vi tri 0,04 m). Tai vi tri nay, 4p suat dong luu
dong nho hon ap sudt dong bi 161 cudn nén cudn theo dong nay vao bén trong ejector. Sau do, hai dong nay
tiép tuc hoa tron (vi tri tir 0,04 m dén 0,07 m) va mot song xung kich phap tuyén xay ra & cudi than dng (vi
tri 0,08 m). Cac qué trinh xdy ra trong ejector nhu qua trinh gidm 4p, qua trinh hoa tron, shock khi mo
phong s6 hoan toan tuong tyr nhu cic mé phong dugce thyuc hién bai Rusly [8] va Ablwaifa [18].

344001 : 5 i
0 002 004 008 008 04 012 014 016 0.18
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a) Biéu do contour s6 Mach b) S6 Mach doc theo ejector

230001

Hinh 5: M6 phong s6 Mach doc theo ejector

Hinh 5 thé hién phan b tdc do doc theo ejector (thé hién bang sé Mach). Cac ving mau do trén biéu dd
contour thé hién ap suat cao. Toc d6 dong luu dong cao nhit dat dwoc tai vi tri cira ra dng phun, trong tng
véi vi tri ap suét dong thép nhat. Tai co 6ng phun, két qua mo phong s6 thé hién rd s6 Mach béng 1 (mau
xanh |4 cdy). Cac ving mau do va vang thé hién qua trinh hoa tron khi tbe d6 dong dat mirc sidu am. Ving
mau xanh duong tir nhat chuyén sang dam thé hién qua trinh shock. Hinh 5b thé hién rd s6 Mach thay dbi
trong khoang tir 0 dén 2,25.

3.6 Kiém chimg két qua mé phéng

Dé kiém chimg cho két qua mé phong ejector 1am viée vdi moi chat R141b. Cac két qua tir phan tich CFD
s& dugc so sanh voi phan tich mot chiéu va tir dit liéu thuc nghiém ejector ctia Huang va cac dong nghiép
[5]. Bén canh d6, cac két qua phén tich CFD ciing dwoc so sanh véi cac két qua phan tich CFD cua Rusly
[8]. Céc diéu kién ddu vao duoc lay twong tmg 13 ap suét bio hoa trong thi nghiém ciia Huang [5]. Ap suét
dau ra duoc chon 13 60 kPa [11]. Két qua kiém chimg mé phong dugc thé hién trén bang 3.
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Bang 3: Xéc thuc két qua mod phong sb

Tps (°C) Ton (°C) o thuc M®& hinh 1D [2] M6 hinh CFD cuta Rusly M&é hinh CFD
nghiém [8] (Bai bao nay)
[5] 1D Sai Sé MWCFD1 Sai Sé) MCED2 Sai Sé
(%) (%) (%)
Ejector E1
78 8 0,3922 0,364 -7,19 0,4097 +4,45 0,3926 +0,10
84 8 0,3117 0,298 -4,39 0,3770 +8,13 0,3155 +1,22
90 8 0,2718 0,252 -7,28 0,2749 +1,13 0,2651 -2,47
Ejector E2
84 12 0,4790 0,449 -6,26 0,4835 -0,44 0,4882 +1,92
90 12 0,4043 0,384 -4,80 0,3831 -5,03 0,4076 +0,82
95 12 0,3503 0,349 -0,37 0,3548 +1,30 0,3512 +0,26
90 8 0,3040 0,268 -11,84 0,3343 +9,96 0,3321 +9,24
95 8 0,2552 0,258 +1,10 0,2480 -2,83 0,2801 +9,76

Nhu d trinh bay, ap sudt ngung tu néu nhoé hon mét gia tri téi han nao d6 s& khong anh huong dén két
qua ty 1€ 161 cudn. Cac két qua mod phong so vé ty 1€ 16i cudn khi st dung CFD cho két qua tot hon nhicu
s0 vOi khi st dung mo hinh 1D da dugc st dung trong [2] va rat gan vdi két qua thyc nghiém.

4 TOI UUHOA HINH HQC EJECTOR R134A TRONG CHU TRINH TiCH HQP

4.1 M6 hinh ejector R134a

Cac két qua dugc trinh bay trén bang 3 cho thay viéc lya chon m6 hinh, chia ludi va phuong phap mé phong
s0 dang duoc str dung 1a hoan toan dang tin c@y. K€t qua tinh toan Iy thuyét trong [2] cho thay m6 hinh tinh
toan s dung cho moi chat R134a van phu hop khi ap dung cho méi chat R141b. Trong nghién ciru cta
Khalil [6] vé ejector R134a, m6i chat R141b van duoc st dung dé xac thuc mé hinh.

Bang 4: Kich thuéc hinh hoc ejector E3

Ky Chiéu dai (mm) Bén kinh (mm)

hiéu | H; H> Hs Hs Hs Hs V1 V> V3 Vs Vs Ve

E3 40 | 32,24 356 | 56,94 18,32 18,32 11,55 6,65 1,55 2,25 4,62 7,04

Bang 5: Tinh chat vét Iy ciia R134a

Moi chat u (kg/ms) k (W/mK) ¢, J/kgK) Phan tir khoi (kg/kmol)

R134a 0,00001175 0,01406 1001 102

Tbi uu hinh hoc ejector R134a 1a mot trong nhimg muc ti€u chinh bai bao nay. Dua trén két qua tinh
toan 1y thuyét [14] va phuong phap mé phong s6 trong phan 3 bai bao nay, ejector E3 dugc xdy dung dé
thue hién md phong s6 v61 moi chat R134a. Bang 4 trinh bay chi tiét cac kich thudce ejector E3 va bang 5
trinh bay tinh chat vat 1y cua moi chét R134a sir dung trong mé phong sd.

Cac thong sO quan trong can nghién ctru anh huong cua ty 1€ dién tich va chiéu dai than 6ng dén ty 18
16i cudn ciia ejector. Cac nghién ciru nay s& la co s& dé ché tao ejector sir dung trong thyc nghiém.

4.2  Anh hwong cia ty 18 dién tich ejector

Theo cong thire (2) thi ty 1€ dién tich bang binh phuong ty 1€ duong kinh gilta than 6 ong va c¢b 6ng phun. Bé
tim hiéu anh huéng cua ty 18 dién tich ejector, dudng kinh éng phun s& dugc thay di. Cac kich thudc cua
ejector khao sat dugc cho trong bang 6.
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Baéng 6: Kich thudc ejector khao sat anh huong ty 1¢ dién tich ejector

Ky hiu ejector Kich thuéc V3 Kich thudc V5 Ty 1€ dién tich
E3 1,55 4,62 8,88
E3-1 1,55 3,7 5,7
E3-2 1,55 5,54 12,77
E3-3 1,55 6,47 17,42
E3-4 1,55 7,39 22,73

Dé tim ra ejector phi hop cho chu trinh tich hop, nhiét 6 déu vao cao ap va ha ap dugc chon cho mé
phong sb 1an luot 1a 80°C, 15°C; nhiét d6 dau ra la 34°C [14]. Ty 1¢ 16i cudn cho cac ejector E3, E3-1, E3-
2 1an lugt 14 0,632; 0,347; 0,215. Cac ejector E3-3 va E3-4 ¢6 hién tuong dong nguoc, Iuu luong khéi luong
dong bi 161 cudn ra s6 am, két qua bai toan phan ky.

Hinh 6 thé hién phén bb tdc do ejector doc theo ejector (biéu dién dudi dang biéu d6 sé Mach).

9.600-01 954001
842001 835001
724001 747001
5060-01 5990-01
489601 480001
371601 362001
253001 243001
135001 125001
171602 . Ty 647603

a) Ejector E3

b) Ejector E3-1

c) Ejector E3-2
Hinh 6: M6 phong s6 Mach doc theo céc ejector E3, E3-1, E3-2

C6 thé quan sat trén hinh 6a, ving hoa tron cac dong luu chét xay ra vira vin trong than dng. Qué trinh
shock xdy ra bén trong than 6ng. Cac nguyén ly co ban ciia ejector déu duge dam bao nén ejector hoat dong
hiéu qua, ty 1¢ 10 cuén cao. Trén hinh 6b, khi kich thugc phan than éng qua nho, qua trinh hoa trén xay ra
suot phan than éng va qua trinh shock xay ra & ong khuech tan. Didu nay lam cho hiéu qua cia ejector giam
xuong 16 rét. Trong trudng hop kich thudc phan than & ong qua 16n, nhu trén hinh 6¢, qua trinh hoa tron xay
ra ngan, shock xay ra s6m. Quan sat phia ngoai vach ong, van tdc rat nho (mau xanh duong) tuong Ung voi
ap suét 16n. Ap suét ndy c6 anh huong truc tiép dén qua trinh hoa tron bén trong ejector do d6 lam glam
hiéu qua cua ejector. Trong trudng hop cac ejector co phan than dng 16n hon nhu ejector E3-3 va E3-4, cac
mod phong s6 khong hoi tu. Didu nay cé thé du doan 14 do hién twong dong nguoc xay ra, ejector mat chirc
ning nén khong thé cudn theo dong bi 16i cudn vao trong ejector va do do khong thé xay ra cic qua trinh
hoa tron hay shock.

Tir cic phan tich trén ddy, c6 thé théy rang ejector E3 co ty 18 dién tich 8,88 phu hop cho chu trinh tich
hop. Ty 1€ dién tich nay kha tuong dong voi ty 1é dién tich ejector dugc tinh toan thiét ké trong [14] (c6 ty
1¢ dién tich 8,55) v6i cung mét diéu kién dau vao.

4.3  Anh huong ciia chiéu dai thin 6ng

Chiéu dai phan than dng ciing 1a mot kich thudc c6 anh hudng dén hiéu suét ejector. Dé nghién ciru chi tiét
anh hudng cia chicu dai than ong, cac ejector co chi€u dai than ong khac nhau sé duoc moé phong. Bang 7
trinh bay kich thudc cia cac ejector dung trong md phong anh hudng cua chiéu dai than ong dén hiéu qua
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cua ejector.

Bang 7: Kich thude ejector khao sat anh hudng cua chiéu dai than éng

Ky hiéu ejector Kich thuéc V5 Kich thudc H3 Ty 18 chiéu dai/ dudng kinh dng
E3 4,62 35,6 3,85
E3-A 4,62 10 1,08
E3-B 4,62 22 2,38
E3-C 4,62 47 5,08
E3-D 4,62 60 6,49

Nhiét d6 dau véao cao ap va ha ap duogc chon cho mo phong s6 1an luot 1a 80°C, 15°C; nhiét do dau ra la
34°C [14]. Két qua tinh toan ty 1& 16i cudn cac ejector E3-A, E3-B, E3-C, E3-D lan luot 14 0,557; 0,658;
0,627 0,582. Phan bd dong chay trong cac ejector dugc thé hién trén hinh 7.

Trén biéu do hinh 7a, khi chiéu dai than éng nho, cac qua trinh hoa tron va shock chua hoan thanh trong
phan than dng va tiép tuc xay ra trong phan ong khuéch tan. Piéu nay lam cho cac dong chay khong 6n
dinh sau khi ra khoéi ejector. Biéu do s6 Mach cua cac ejector E3-B, E3-C va E3-D tuong ddi gidng nhau
cho thiy chiéu dai ng khong anh huéng quéa nhiéu dén phan bd dong chay ciing nhu ty 18 16i cudn. Tuy
nhién, néu thin dng qué dai, trén thuc té, ma sat dong chay c6 thé 1am giam hiéu sut ejector. Vi Iy do d6
cac ejector E3-B va E3-C cho hi¢u qua cao hon so véi ejector E3-D.

608801 507001
489001 459801
371001 371801
25301 25301
135001 135001
171002

d) Ejector E3-D
Hinh 7: M6 phong s6 Mach doc theo cac ejector E3-A, E3-B, E3-C, E3-D

c) Ejector E3-C

Viéc lya chon chiéu dai 6ng khuéch tan can dam bao vira du cho qué trinh hoa tron va qua trinh shock
xay ra. Viéc thiet ké than ong qué dai 1a khong can thiet. Dya vao két qua mo phdng so ejector R134a, chicu
dai than ong nén chon gap tu 2,38 dén 5,08 lan duong kinh than ong.

5 KETLUAN

Trong bai béo nay, tac gia da st dung phuwong phap mé phong CFD dé t6i wu hoa hinh hoc ejector R134a
sir dung trong chu trinh tich hop ejector — may lanh c6 may nén hoi. Két qua mé phong cho thiy vé nguyén
1y va cac qua trinh xay ra bén trong ejector déu tuong tu nhu cic md phong duge thyc hién boi nhiéu tac
gia khac (Rusly [8], Ablwaifa [18]). Cac két qua tinh toan va so sanh déu cho thay ty 1¢ 16i cu6n dugc tinh
toan bang CFD cho két qua sat voi thuc nghiém hon so véi két qua tinh toan bing mé hinh 1D. Véi cac
phan tich cu thé trong bai bao, ty 1& dién tich téi wu dbi v6i ejector R134a sir dung trong chu trinh tich hop
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lag88vatylé chidu dai/ duong kinh ng t6i vu nim trong khoang tir 2,38 dén 5,08. Cac két qua nay 1a co
sO dé€ che tao ejector R134a sir dung trong thuc nghiém.
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CFD ANALYSIS FOR OPTIMIZING THE GEOMETRY OF AN R134A EJECTOR IN AN
INTEGRATED EJECTOR-VAPOR COMPRESSOR CYCLE

NGUYEN TRUNG KIEN
Faculty of Heat and Refrigeration, Industrial University of Ho Chi Minh City
nguyentrungkien.08@iuh.edu.vn

Abstract. The ejector serves as a crucial component in the ejector air conditioning system. Numerous
studies indicate that optimizing its geometry can enhance the coefficient of performance (COP) of the
ejector cooling cycle. In this study, computational fluid dynamics (CFD) is employed to analyze a R134a
ejector utilized in an integrated ejector-vapor compressor cycle. The primary geometric dimensions of the
ejector are initially determined based on 1D models. The calculation results demonstrate that the optimal
area ratio for the ejector under the experimental conditions (generator temperature of 80°C, evaporator
temperature of 15°C, condenser temperature of 34°C) is 8.88, while the optimal ratio between the length
and diameter of the constant area ranges from 2.35 to 5.08.

Keywords. CFD, Ejector, Integrated cycle, Area ratio.
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