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Tém tit. Ejector la thanh phan quan trong trong hé thong lanh sir dung ning lwong nhiét thé thip nho cau
tao don gian va kha ning nang cao hiéu suat chu trinh. Bai bao gidi thiéu mé hinh toan hoc ban-2D (quasi-
2D) nham du doan chinh xéc ty 18 16i cubn ejector & ca ché d6 t6i han 1an dudi t6i han. Khac voi cac phuong
phap mot chiéu, cach tiép can ban-2D cho phép mé ta phan bd van tdc theo ban kinh, anh hudng 16p bién
va ving song xung kich. M6 hinh dugc kiém ching bang bo sé liéu thuc nghiém da dang vé méi chit va
diéu kién 1am viéc; sai s6 toi da dudi 7% va tai hién dung xu hudng bién thién ap suét ciing nhu ty 18 16i
cubn, dic biét trong mién dudi téi han. Két qua khang dinh tim quan trong ctia viéc xét dong thoi hai hudng
dong chay (doc truc va ban kinh) va cung cép co so tin cdy cho tdi vu héa thiét ké ejector nham nang cao
hé s& COP cua hé thong lanh ding ejector.
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1 GIOITHIEU

Trong vai thap ky qua, hé théng 1am lanh sir dung ning lu’ong mat troi da nhan duoc sy quan tdm rong rai
tir cong dong khoa hoc nhd kha ning khai thac hiéu qua ngudn nhiét tai tao va giam phu thudc vao dién
ludi [1]. Gilra cac giai phap 1am lanh khac nhau, hé théng lam lanh ejector noi bat boi thlet ké gon nhe, chi
phi van hanh thip va d& dang tich hop voi hé théng lam lanh truyen théng [2]. Tuy chi s6 hleu qua (COP)
cua chu trinh lam lanh ejector con kém so voi chu trinh hap thu/hap phu, né van hap dan vé mit kinh té,
dac biét khi str dung cac nguon nhiét do thap hoac tan dung nhiét thai cong nghiép [3].

Ejector dugc xem 1a “trai tim” ctia hé thong, quyét dinh TY tdng thé. Do d6, khao sat co ché va tdi uu
hinh hoc ejector ludn la chii dé quan trong [4]. Nhin chung, nhiéu nghién ciru 1y thuyét da tiép can bang mo
hinh mét chiéu (1D) d&é mod ta su bién thién vén téc va ap sut doc theo truc eJector Maic du cac mo hinh
1D don gian, d& 4p dung, nhung d6 chinh xac con han ché vi bo qua phan bé vén tdc theo phuong ban kinh,
dic biét & ché do dudi t6i han (sub-critical).

Huang va cong su [5] dd x4y dung mé hinh 1D phan tich ejector & ché do tdi han, dong thoi trién khai
thuc nghiém véi 11 ejector dung R141b dé hiéu chinh cac tham s& ma sat, hiéu sut déng entropy... Tu do,
nhom tac gia khfmg dinh vai tro cua cac hé sb hiéu suit dong va mbi lién hé gitra ty 1€ dién tich tiét dién
v6i kha nang hoa tron.

Zhu va cong su [6] phat trién mé hinh "vong tron sdc" dé du doan hiéu suit ejector, gia dinh ring dong
bi cudn dat diéu kién nghén tai mat phan cach giita dong luu dong va dong cudn hit, noi xay ra song xung
kich. M6 hinh nay don gian hon so véi ciia Huang [5] nhung cho két qua du doan tt hon. Tuy nhién, mo
hinh nay chi danh gia hiéu suét ejector ¢ ché d6 t&i han va viée kiém chiing moi dung lai ¢ cac moi chét
nhoém CFC/HCFC - nhitng tic nhan lanh timg phd bién vao thoi diém nghién ciru nhung hién da bi loai bo
khoi danh muc cho phép.

Chen va cong su [7] tiép tuc cai tién mo hinh ejector khi xét dén quan hé khi thuc (real gas) thay vi khi
ly tuong. Thir nghiém trén dir liéu R141b cho thy sai khac khong 16n, do R141b gan véi khi 1y tudng;
nhung khi ding R11, mé hinh khi thyc cai thién dang ké d¢ chinh xac.

Besagni va cong su [8] st dung phuong phap md phong CFD véi md hinh tham sb tap trung (LPM -
Lumped-Parameter Model) dé so sanh hiéu suat e]ector v6i nhiéu moi cht thay thé (R1233zd(E) R1234yf
R1234z¢(E), R290, R1270, R600a) va cac mdi chat théng dung (R134a, R245fa, R152a). Két qua cho thiy
thay d6i duong kinh budng hoa tron ¢ thé nang COP t6i 35%, con thay ddi vi tri ctra thoat voi phun chi
cai thién 5%.

Nhin chung, di mé hinh 1D truyén thdng gon nhe, n6 khong tai hién dugc phan bd van tc theo ban
kinh, anh huong 16p bién va viung song xung kich - dac biét khi ejector lam viéc dudi téi han, noi dong bi
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cudn sat thanh 6ng quyét dinh ty 1& 16i cudn. Bai bao nay gidi thiéu mé hinh ban-2D (quasi-2D): dong chay
dugc xét ddng thoi theo truc x va ban kinh r, vai ham phan bd vén téc ham mii chira tham sb x dugc tur hidu
chinh bang thuét toan lp. Piém méi ctia mé hinh nay 1a cac phuong trinh cho phép suy ra truc tiép ty 1
16i cudn o cho ca ché d¢ toi han 1an dudi t6i han ma khong can md hinh CFD phirc tap. M6 hinh dugc kiém
chtng bang hai b6 dir liéu thyc nghiém: ejector R141b (Huang va cong su) va ejector R245fa (Shestopalov
va cong su); sai sb toi da dudi 7% va bam sat xu huéng bién thién ap suat cling nhu o. Két qua chung minh
tam quan trong cua viéc xét dong thoi hai huéng dong chay va cung cap nén tang tin cay dé t6i wu thiét ké
ejector nhim nang cao COP cho hé thng lanh sir dung ngudn nhiét thap.

2 MO HINH TOAN DU POAN TY LE LOI CUON EJECTOR

Hinh 1a minh hoa so dd nguyén 1y ciia mét chu trinh may lanh ejector don gian. Trong chu trinh nay, ejector
d(’)ng vai tro thiét bi nén thay cho méay nén truyén thong. Mot ngudn nhiét ngoai duge dung dé hoa hoi moi
chat lanh trong binh phat sinh, tao ra hoi bao hoa kho (dong luu dong). Hoi nay di qua voi phun héi tu—
phan ky cua ejector, ting tdc 1én vén tdc siéu 4m va hinh thanh Vung 4p suat thip, gitp hut hoi tir thiét bi
bay hoi (dong bi cudn). Hai dong hoi trén 14n trong budng hoa tron, roi dwgc nén mot phan nho séng xung
kich va di vao binh ngung dé hoa 1ong. Phan 1ong sau ngung tu quay trd lai thiét bi bay hoi va binh phat
sinh qua bom, khép kin chu trinh.

Hiéu qua cua ejector thudng duge xac dinh bang ty 18 161 cudn (entrainment ratio):

=12 1)
my

Trong d6 m, 1a luu lugng hoi tir binh phat sinh (dong luu dong) va m, 1a luu lugng hoi tir bay hoi (dong

bi cudn).
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Hinh 1: Chu trinh ejector don va ché do hoat dong trong ejector

Hinh 1b cho théy ejector cé ba ché d6 hoat dong chinh: to1 han, dudi toi han va ngugc dong.

e O ché d6 t6i han: néu ap suat ngung tu P, nhd hon ap suit ngung tu téi han P, ca hai dong déu
tiét luu duoc vao trong ejector; ty 1€ 161 cudn dat cuc dai va khong ddi khi ap sut ngung tu thay
doi.

e Ochédd dum t6i han: néu Py, < Pnt < PY,, chi dong luu dong bi tiét luu duoc vao trong ejector;
ty 18 16i cubn phu thudc vao ap sudt ngung tu.

e Trong ché d6 nguoc dong: khi P, > P2, , dong bi cudn dao chiéu, ty 1& 16i cudn bang 0, ejector
mat chirc ning.

Hinh 2a thé hién phan bd ap suét doc truc bén trong ejector. Tai ving hdi tu—phén ky, dong luu dong ting
tdc 18n siéu 4m, tao ving ap suat thip & cira ra voi phun va hat d(‘)ng bi cudn. Sau khi di qua budng hoa
tron, hai dong két ho‘p thanh mét va chiu song xung kich phap tuyen (chuyén tu siéu am xudng can am)
trude khi vao bd khuéch tan. Cudi cing, dong luu chét giam tde, hdi phuc ap sut va di vao binh ngung &
ap suét ngung tu.

Hinh 2b md ta phan b van tbc tai mat cit ht — ht. Khu vuc sat thanh ng ton tai 16p bién véi van toc
nho dan; bén trong 16p bién 1a dong luu dong c6 van tdc gan dong nhét, con bén ngoai 1a dong bi cudn voi
phan bd van toc khong déu. Trong thuc té, van toc ving dong bi cuén thuong tuan theo mot ham mii theo
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phuong hudng kinh, thé hién qué trinh giam tdc tir dong luu dong ra sat tuong ejector.
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Hinh 2: a) Cac qua trinh trong ejector b) Mat cit ht — ht

Céc phuong trinh dong luc hoc dong chay cua ejector rat phirc tap, bao gdm cac phuong trinh bao toan
khéi lwong, dong luong va ning lugng. DE don gian hoa phan tich ma khéng 1am mat tinh tong quat, chung
ta dua ra céac gia dinh sau:

e Mai chat 1am viéc trong ejector duoc gia thiét 1a khi Iy tudng véi ty s6 nhiét dung khong doi.

e Dong chay bén trong ejector duoc coi 1a 6n dinh va 1 chiéu sau hoa tron.

e Ap suét va nhiét do tai cira vao voi phun, ciing nhu dong bi cudn, déu dong nhét trén mdi mit cit.

e DONg luu dong c¢6 véan tdc phan bd gan nhu ddng nhat theo ban kinh, dong bi cubn duoc mé ta boi

ham phan b van tdc.

e  Cac qua trinh gidn nd xay ra hoan toan trong budng hoa tron, va shock xay ra & cudi than dng; vach

ejector doan nhiét.

e Ma sat va ton thit dugc quy vé cac hé sd hiéu suét dang entropy.

e O ché d6 t6i han, ca hai dong déu tiét luu duoc vao trong ejector; & ché d6 dudi t6i han, chi dong

so cap tiét luu duogc, con dong thir cap chiu anh hudng ap sut ngung tu.

2.1 Cac phuong trinh lién quan dén dong luu dong

Véi nhiét d6 va ap suét binh phat sinh cho trudc, luu ugng khéi lugng dong luu dong duogc xac dinh dua
vao trang thai nghén (choking) tai ¢6 ong phun (mat cat “co”), noi van toc dat toc do am thanh [9].

k k+1 s @
Nph + 1\1-k
my = P)sAco X X (—)

pstico RyTys 2

Trong do:
Tys(K), Pys(bar) 1a p suat va nhiét d¢ tai binh phat sinh
Ao (m?) 1a tiét dién c6 6ng phun
k=cy,/c,laty s6 nhiét dung
Npnr 12 higu suat dang entropy ctia ong phun
Ry(J/kgK) 1a hang s6 khi riéng
Khi ap dung dinh luét bao toan khoi lugng va nang lugng, cac moi quan hé khi dong luc hoc cho cac
quan hé dong chay dang entropy giita s6 Mach tai ctra ra ong phun, M,., nhiét do tai ctra ra, T,, va vén toc
tai cira ra, C,., dugc biéu dién boi cac cong thirc sau [6], [10]:
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K+ 3)
A, 1 [ k+1 ]ﬁ
—_—=—X -
Ao M, (k—1)M? +2
T. = L (4)
"1+ (k- 1)M?
C, = (kRT,M?)'/2 )

Trong do:
A, (m?) 1a tiét dién ¢ ctra ra 6ng phun
M, 1a s6 Mach & cira ra 6ng phun
C (m/ s) 1a tc do dong luu dong tai cira ra 6ng phun
Vi gla thiét dong lu'u dong gidn no hoan toan trong budng hut, ap suit xung quanh dong nay duoc quy
Ve ap suat dong bi cudn Pyy,. Khi ap dung dinh luat bao toan ning lugng ciing mbi quan hé dang entropy,
sd Mach M, tai vi tri mat cat ht — ht ciia dong luu dong duogc xac dinh qua [6], [9], [10]:

k-1 (6)
P\ kK
? (ﬂ) _
Ppp,
My, =
1ht K —1
Tir day suy ra nhiét d6 (Typ,) va téc d6 dong luu dong (Cyp,) tai mat cit ht — ht:
__— Tpn (7
1ht — 1 )
1+ 5 (k — )M,
1/2
Cine = (kRT1htM12ht) (8)

Dién tich hiéu dung cua dong luu dong A4, duoc xac dinh bang cach két hop cac théng sb da tinh toan
tai cira ra 6ng phun va budng hut. Mdi lién hé nay dugc biéu dién thong qua cong thirc nhu sau:
kt1 ©)
A, M, 2+ (k—1)M2 |1-k
Aipe = X
Nph X NMn Mipe 2+ (k — )My,

Trong d6 1, 1a hidu sudt gidn nd ciia budng hut

2.2 Phan bd toe d§ tai mit cit ht-ht
Trong qua trinh hoat dong cua ejector, phan bd van tdc dong chay theo ban kinh (r) khong ddng nhat do
xuét hién 16p bién gan thanh trong. O ving 13i sat truc trung tam, dong lru dong c6 van toc cao va tuong
dbi dong déu; trong khi & phia ngoai, st thanh ejector, sy ma sat 1am giam vén tdc, tao ra mot 16p bién cd
phan bd van téc bién thién hon. Pé md ta hién tuong nay, chung toi sir dung phan tich ban hai chiéu (quasi-
2D) nham xép xi phan b van téc theo hudng ban kinh, déng thoi so sanh két qua vai mé hinh mét chiéu
(1D) truyén thdng. Tai mat cit ht — ht, van tdc ¢, tai cAc diém trén duong tron c6 duong kinh d cé thé
dugc gia dinh tuan theo phan bd dang ham mii:
o (4 d\* (10)
Ca = Lint ( Dth) ’

Trong d6, d 1a duong kinh cua hinh tron thé hién luu luong dong luu dong di qua mit cit ht — ht, Dy,
la duong kinh than ejector; con x 1a tham s quyét dinh mirc d bién thién van tdc. Dya vao cong thirc (10),
ta thiy van tdc tai thanh trong ejector bang 0 (d = D,;,) va van tdc dat cuc dai tai trung tdm ¢ = Cype (d =
0).

S6 mil x trong cdng thuc (10) thé hién mic do phan b van téc xuyen tam. Khi x nhé, van tdc & ving
16i c6 xu hudng cao hon hin so v6i ving bién, lam tang chénh 1éch van tbc gitra dong luu dong va dong bi
cudn. Nguoc lai, khi x 16n, hai viing nay c¢é van té¢ gan nhau hon, giam d6 chénh léch. Trong cac mé hinh
md phong ejector, gié tri x thuong duoc diéu chinh dé t6i wu hoa phan bd vén tdc trong ejector.

Vé ché d6 hoat dong, khi ejector 1am viéc ¢ trang thai ti han (critical), dong luu dong va dong bi cudn
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déu bi nghén (M = 1) tai cac tiét dién c6 hong. Liic nay, tbc d6 dong co thé dat t&i siéu am, 16p ranh gidi
gita dong luu dong va dong bi cuén mong hon, dan dén qua trinh hoa tron dién ra manh va nhanh hon.
Trai lai, trong ché do dudi toi han (subcritical), dong bi cudén khong bi nghén (M < 1). Khi do, 16p
bién day hon, sy hoa tron giira hai dong xay ra cham, va chénh léch van téc gitra chiing giam dan. Gia tri x
cling c6 thé thay doi dé phan anh phan bd van tdc thuc té hon, thudong 13 phan b dong déu hon so véi
truong hop toi han.
2.3 Cac phuong trinh lién quan dén dong bi cudn
Dé tinh van téc trung binh caa dong chay tht cap tai mat cat ht — ht (C,pe) va luu luong khéi cua nd (my)
& trang thai toi han, ching ta st dung tich phan theo ban kinh tir vi tri r = Ryj; (ban kinh ctia dong luu
dong) dénr = Ry, = D¢, /2 (ban kinh than 6ng).
Vin tbc trung binh C,p,, duoc tinh theo cong thire [11]:
thh 2mregdr 20C Ren roAX
Cont = R”‘tz — == 1ht2 f r(l ——) dr
T(Rtp — Rine)  Rin — Rine Rint th
2C1pt R, 1 Rine\"™" R, 1 Ripe\*?
_(thh—Rlzht)x+1( Rth) x+2( Rth> ]
Luu lwong khdi lugng caa dong bi cudn tai mat cat At — ht (my) dugce tinh tir tich phan luu lugng theo
dién tich tai mat cat [11]:

(11)

21P,Cypy [Ren T\ (12)
mzsz phtcddAz—f r(l——) dr
ht—ht RgTone Jr,, th
_ 2mPyCapeRE [ 1 (1 _ Rm)"“ 1 (1 _ Rm)"”
RgTth x+1 Rth x+2 Rth

Céc bién dbi tich phan ciia cong thirc (11) va (12) duoc thé hién ¢ phan phu luc.
O trang thai t6i han, khi xay ra qua trinh hoa tron & mat cat ht — ht dong bi cudn phai dat duogc toe do
am thanh. Do dé:
1/2
. Ca = (k’RgTth) (13)
Phuong trinh can bang nang lugng tai mat cat ht — ht:
1 1 14
mycp(T)Ty + Enphmlclzht + mycp(To)T, + EnhmZszht 1)
=my (Cp(Tlht)Tlht + C12ht) +m, (Cp (Tont) Tone + szht)
2.4  Cac phwong trinh & ché d dwéi téi han
D4i voi ché o dudi t6i han, dya vao dinh Iy Thales w4
trong hinh 3, c¢6 thé ching minh dugc cong thic
sau: Deh
w _Pr(l)t_Pnt (15)

T p0 _ pr
Wep Pnt_Pnt ____________

-V

P, Pn P
Hinh 3: Ché d6 duéi t6i han

3  SODPO THUAT TOAN VA KIEM CHUNG KET QUA
3.1 So db thuit toan

So d6 thuat toan dugc minh hoa trong hinh 4. Cac dau vao cua qua trinh tinh toan bao gom nhiét do va ap
suat tai hai dau cua ejector, thong so hinh hoc cta ejector, hi€u suat ciia Ong phun va ong hut, cung moi
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chat lanh tuong tmg. Cac phuong trinh can thiét cho viéc tinh toan (téng cong 15 phuong trinh) da duoc
trinh bay chi tiét ¢ phan 2. Trong qué trinh tlnh gi& tri x (tham sb quyét dinh mirc do bién thién van toc)
dugc 1ap lai cho dén khi thu duoc ty 1€ 161 cubn. Sau d6, dua trén gia tri ap suat ngung tu so vGi ap sut
ngung tu téi han va ap suét ngugc dong, ta xac dinh ty 1€ 161 cudn thudc ché do t6i han, ché d6 dudi t6i han,
hoic bang 0.

P

Pau vio: T, s

ps: Tbhu thaAcar Ar:Arh: W’ph: Mhs méi Chét la-nh

A4
Tillh! mU, Mrp Trn Cr: Mlhtv Tlhtv Clht:Alht

Lip x |¢
A4
Til]h: CthJ TthJ ms X + Ax
>
. Cho dén khi Aw < ¢ |},
Pnt: Pnt’ Pnt
Wep
Néu P, < P, Néu Py < Py < Py Con lai
Vv \ 4
W = Wy ©=w Pnt Pnt w=0
=Wy X —5—
P??t Pnt

Hinh 4: So dd thuat toan

3.2 So sanh v6i mé hinh cia Huang va cac cong sy [5]

Dit liéu thu thap boi Huang va cac cong su [5] ghi lai cac két qua tir hoat dong ciia cac thiét ké ejector khac
nhau trong ché d6 tdi han. Ejector gdm 2 loai dng phun v&i dudng kinh ¢d ong phun lan luot 1a 2,64 mm
(A) va 2,82 mm (E), cing duong kinh cira ra 6ng phun 1a 4,5 mm (A) va 5,1 mm (E). T4c gia ciing sir dung
tam loai than 6ng khac nhau co kich thudc tir 6,70 mm dén 9,20 mm véi cac ky hiéu 1an luot tir (A) dén
(H). biéu kién hoat dong dugc cai dat voi nhiét do phat sinh nam trong khoang tir 78 °C dén 95 °C, nhiét
d6 bay hoi tir 8 °C dén 12 °C, va nhiét do ngung tu tr 24,4 °C dén 42,5 °C. Mdi chit duoc st dung trong
thi nghiém 1a R141b.

Hinh 5 trinh bay so sanh ty 18 16i cudn ejector sir dung mo hinh cua bai bao nay va két qua thue nghiém
ctia Huang va cac cong su [5]. Cac diéu kién dau Véo giéng v6i md hinh dugc sir dung trong nghién ctru
ctia Huang va cac cong su [5] va ap dung cac hé sb hleu sudt dang nhiét 1a Npn =0, 9 N, = 0,85. Céc tinh
chit nhiét ddng hoc cua chét lam viéc R141b, bao gom nhiét dung riéng (Cp) va ty sb nhiét dung (K), dugc
xac dinh thong qua co s& dir liéu NIST (https://webbook.nist.gov/).

Cac két qua so sanh ty 1¢ 161 cudn tir md hinh hién tai va dir liéu thuc nghi€m ctia Huang va cac cong su
[5] duogc cho trén hinh 5a, trong khi hinh 5b danh gi sai s6 giita 2 m6 hinh. Dya vao két qua tir d6 thi hinh
5b o thé thay rang gié tri tuyét dbi cia cac sai s6 déu nho hon 7%. Diéu nay cho thdy mé hinh nay la dang
tin cay dbi voi ché d6 van hanh téi han.
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Hinh 5a: So sanh ty 18 16i cuén ctia mé hinh véi thuc nghiém Huang va cac cong su [5]
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Hinh 5b: Sai sb gitta m6 hinh va thuc nghiém ctia Huang va cac cong su [5]




Tac gia: Nguyén Trung Kién va cong su

3.3 So sanh véi mo hinh cia Shestopalov va cac cong suw [12]

Hinh 6 thé trinh bay so sanh gitta mé hinh nay va két qua thyc nghiém ctia Shestopalov va cic cong su [12]
trong ca truong hop toi han va dudi téi han. Trong trudng hop nay, méi chat duoc sir dung la R245fa.
Ejector dugc st dung 1a ejector 2-B ¢0 Ayy/Aco = 9,55 va cac thong s6 van hanh bao gdom tps =
95°C, t,, = 16°C va ap suit ngung tu dugc ting dan cho dén khi ejector bi mat chic ning. Két qua thuc
nghiém cho thiy ring ty 1¢ 16i cubn cua ejector dat dugc 1 khoang 0,55 va bat ddu giam nhanh vé 0 khi P,,;
tang trén 0,22 MPa.

Trong m6 hinh mé phong nay, cac diéu kién dau vao duoc st dung tuong ty nhu thi nghiém do
Shestopalov thuc hién. HE sb hiéu qua déng nhiét dugc dat 1a n,, = 0,9 van, = 0,85. Cac dac tinh nhiét
dong hoc ciia chat 1am lanh R245fa, bao gdm nhiét dung riéng (Cp) va ty s nhiét dung (k), dugc truy xuat
tir co so dir li€u cua NIST.

Két qua mo6 phong tuong dbi khép voi cac dit lidu thye nghiém & ca truong hop t6i han va dudi téi han,
sai s6 10n nhét chi khoang 4% (hinh 6).
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Hinh 6: So sanh ty 1¢ 16i cudn véi mé hinh ciia Shestopalov va cac cong su [12]

4 KETLUAN

Bai b4o d3 xay dung thanh cong mé hinh ban-2D (quasi-2D) nham md ta va du doan chinh xéc dic tinh 16i
cudn ciia céc ejector dudi nhiéu diéu kién van hanh, bao gém ca ché do t6i han 1an duéi t61 han. Khi dugc
dbi chiéu voi dit lidu thuc nghiém cua Huang va cac cong su [5] (R141b) va Shestopalov va cac cong su
[12] (R245fa) — dai dién cho hai méi chat va nhiéu mirc 4p sut, nhiét d6 khac nhau — sai s6 16n nhat ctia
md hinh lan lugt dudi 7% va 4%. Két qua nay khang dinh uu thé ctia cach tiép can ban-2D: mo hinh xét t6i
phan b van tdc theo ban kinh, tic dong cua 16p bién va sy xudt hién song xung kich, nhd d6 phan anh
chinh xac hon qua trinh trén dong va ty 18 16i cudn so v6i cac md hinh 1D truyén théng — dic biét trong
ving dudi t6i han. Két qua thu dugc cung cép co so dinh lugng cho viée ti wu hoa hinh hoc ejector, tir do
gilp nang cao hiéu qua cua chu trinh lanh ejector sir dung ngudn nhiét thip hoic ning lwong tai tao.
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PHU LUC

Phuy luc A — Bién dbi tich phin céng thirc (11)
Déi véi cong thire tinh van toc trung binh Cyp,;, ddt phan biéu thirc dudi dau tich phan la:

Ren N (A1)
I=f r(l ——) dr
Rint Ren
Péibién:u =1 - =1 = Ry(1 —u). Pdi can: khir = Ry = u = 1—R1ht; khir =Ry, =u=0

Rep ’ Ren
Vi phan: du = I;—dr = dr = —Ry,du. Thay vao phuong trinh (A.1) ta dugc:
th

Ren N 0 0 (A.2)
I = f r (1 — —) dr = f Ripn(1 —w)u*(—Ryp)du = —Rthzf (1 —wu*du
R Rin 1-Rane 1-Rane
1ht R
th th
Tich phan ham lily thtra:
0 uxtl o xt2 0 (A3)
I =—R Zf X _ yx+tNdy = —R,, 2 _
th 1_Rant (W? —u™)du olx+1 x+2 Rint
Ren “Ren
Rut gon:
Rype)*™ Rype)? (A4)
[ =R, 2 [(1 Rth) _ (1 Rth) _ Rep? (1 B tht)x+1 _ Rep? (1 _ tht)x+2
th x+1 X+ 2 x+1 Re x+1 Ry

|

T d6 chung minh dugc cong thie (11)
Phu luc B — Bién déi tich phén cong thire (12)
Luu lugng khoi lugng ctia dong bi cuon tai mat cat At — ht dugc tinh tir tich phan luu lugng theo dién tich

tal mat cat:
mp = f f Pht CadA
ht—ht

Vé6i ppe 12 khéi lugng riéng luu chat tai mat cat At — ht; cy tinh theo cong thirc (10).
Trén mat cét tron ht — ht ban kinh tir 7 = Ry, dénr = Ry, ta c6 dA = rdrd0 véi 0 1a goc toa do trong
hé toa d¢ tron. Tur day suy ra:

(B.1)

2 Ren X Ren 7 \X (B.2)
m, —.[ dej PneCint 1 —R—) rdr = 27rphtClhtf r(l —R—) dr
tht th tht th
Thay pp: = o Vao phuong trinh (B.2) ta dugc:
Ry
21P, c fR”‘ (1 r )x p 21P, o (B.3)
m; = o Lint r\l—7—) ar= 1ht
RgTane Rynt Ren RyTone
Vi I 1a tich phéan (A.1) va két qua tinh 1a cong thirc (A.4), tir d6 suy ra cong thie (12)
BANG KY HIEU
A (m?) — dign tich, tiét dign Ky hiéu chén
¢, (J/kgK) — nhiét dung riéng dang ap 1 - dong luu dong, ctra vao ejector
d,D (m) — dudng kinh 2 — dong bi cudn, ctra hut ejector
m (kg/s) — luu lugng khéi luong bh — bay hoi
M — sb Mach co — c6 ong phun ejector
P (Pa) — 4p suit h - ong hut ejector
r, R (m) — ban kinh ht —hoa tron
Ry J/kgK) — hing sb khi riéng nt —ngung tu
k = c,/c, —ty sb nhiét dung ps —phat sinh
T (K) — nhiét do ph - ong phun .
€ (m/s) — van tbc r —cuara ong phun ejector
1 - hé sb ' th — than ong

w —ty 1€ 161 cuon
x — s0 mil phan bo van toc
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MO HINH HAI CHIEU DU POAN HIEU SUAT EJECTOR O CAC CHE bO VAN HANH

A QUASI-2D MODEL FOR PREDICTING ENTRAINMENT CHARACTERISTICS OF
EJECTORS UNDER VARIOUS OPERATING CONDITIONS
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Corresponding author: nguyentrungkien.08@iuh.edu.vn

Abstract. The ejector is a key component in low-grade thermal refrigeration systems thanks to its simple
construction and its potential to boost cycle efficiency. This paper presents a quasi-2D mathematical model
that accurately predicts entrainment ratio of ejector in both critical and sub-critical regimes. Unlike
conventional one-dimensional methods, the quasi-2D approach captures the radial velocity distribution,
boundary-layer effects, and shock-wave region. The model is validated against a wide experimental
database covering several refrigerants and operating conditions; the maximum deviation is below 7%, while
pressure trends and entrainment ratios—especially in the sub-critical zone—are reproduced faithfully.
These results highlight the necessity of simultaneously accounting for axial and radial flow directions and
provide a reliable basis for ejector geometry optimisation, ultimately improving the COP of ejector-based
refrigeration systems.

Keywords. Quasi-2D model, Ejector, Critical, Subcritical, Entrainment ratio, Refrigeration systems.
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