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TOM TAT

Bai bdo sir dung phirong phdp sé khao sat ddc tinh lam viée cia ejector — mét thiét bi pho
bién trong nhiéu nganh coéng nghiép nhw hé thong diéu hoa khéng khi HVAC, ning lwong, va xu" ly
nuoc thai. Ejector hoat dong theo nguyen ly str dung mot dong chay chat long hodac khl van toc lom
dé hit va hoa trén véi dong chdy thir cdp, tao ra dong hon hop véi van toc, dp suat va ty l¢ pha
phit hop. Bai bdo tdp trung phdn tich anh hwéng cia bién dang ciia voi phun so cdp (dwong kinh
dau ra voi phun, chiéu dai ong khuéch tan, dp sudt dong so cap) dén déc tinh thuy dong lhee hoc ciia
ejector. Két qua tinh todn mé phéng s6 cho thdy ty s6 hoa trén ciia ejector tang nhanh khi duong
kinh dau ra cia voi phun so cap tang, sau do gzam khi dwong kinh ddu ra ciia voi phun vieot qua
mot gia tri xac dinh. Do do ton tai mot khoang 16i wu cia dwong kinh dau ra voi phun SO cap, tai
d6 bé phun dat hiéu sudt tot nhat. Ngodi ra, két qua tinh todn mé phéng soé ciing chi ra rang chiéu
dai ong khuéch tan c6 anh hudng twong doi nhé dén hiéu sudt cia ejector. Ty s6 hoa trén ban dau
tang chdm khi chiéu dai phan khuéch tan tang dén mot gid tri t6i da, sau dé giam dan do lyc cdn
ma sat dong chay tang 1én. Vi vdy, ciing ton tai mot gid tri toi wu cho chiéu dai ong khuéch tan, tai
dé hiéu sudt hoa trén ciia ejector la tot nhat. Két qud nghién ciru ciia bdi bdo la co sé 1y thuyét tinh
todn thiét ké ejector c6 hiéu sudt cao.

Tir khoa: Thiét bi hoa tron; Ejector; CFD.
ABSTRACT

The paper employs numerical methods to investigate the operating characteristics of an
ejector — a device widely used in various industries such as HVAC systems, energy, and wastewater
treatment. The ejector operates based on the principle of using a high-velocity liquid or gas flow
to entrain and mix with a secondary flow, generating a mixture with appropriate velocity, pressure,
and phase ratio. This study focuses on analyzing the influence of the primary nozzle profile (nozzle
exit diameter, diffuser length, and primary flow pressure) on the hydrodynamic characteristics of
the ejector. Numerical simulation results indicate that the ejector's mixing ratio increases rapidly
as the primary nozzle exit diameter increases but then decreases when the nozzle exit diameter
exceeds a certain threshold. Therefore, there exists an optimal range for the primary nozzle exit
diameter at which the ejector achieves its best performance. Additionally, the simulation results
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reveal that the diffuser length has a relatively minor impact on the ejector’s efficiency. The mixing
ratio initially increases slowly as the diffuser length extends to a maximum value, after which
it gradually decreases due to increased flow frictional resistance. Consequently, there is also an
optimal diffuser length at which the ejector's mixing efficiency is maximized. The results of this
study provide a theoretical foundation for designing high-performance ejectors.

Keywords: Mixing equipment, Ejector; CFD.

1. GIOI THIEU CHUNG

Trong nhiéu hé thdng cong nghiép,
ejector (hay con goi 1a thiét bi hoa tron) dong
vai tro quan trong nhd kha ning chuyén doi
nang lugng cua dong chdy c6 dong nang 16n
dé hat va hoa tron véi dong chay khac co dong
nang nho hon, tir 46 tao ra dong chay co ap suit,
luu lugng, va ty 1€ hoa tron gitra cac pha mong
mudn. Ejector duoc tmg dung rong rai trong cac
hé théng diéu hoa khong khi (HVAC), san xuét
nang luong, xur ly nudc thai, va cong nghiép
hoa chét... [1, 2]. Tuy nhién, viéc thiét ké va t6i
uu hoa ejector nham dat hiéu suit cao van la
mot thach thie 16n do dac tinh thuy dong luc
hoc cua thiét bi nay phu thudc vao nhiéu yéu
t6 phic tap, bao gém bién dang hinh hoc cua
ejector, cac thong s6 dau vao ctia dong chay va
diéu kién van hanh. Bai bio niy tap trung vao
viéc ap dung phuong phap s6 (Computational
Fluid Dynamics - CFD), phan tich anh hudng
ty s6 duong kinh yd, va mot sé yéu té van hanh
dén hiéu suat 1am viéc cua ejector. Cac két qua
tinh toan thu duoc trong qua trinh mé phong sé
cho biét cau trac chi tiét ciia dong chay, phan
bd 4p suét, phan bd pha bén trong ejector, va
cho biét cac yéu t6 anh huong dén hiéu suat ca
thiét bi. Tir d6, nhom tac gia xac dinh duoc kich
thudc t6i uu ciia voi phun so cip gop phan cai
thién hiéu suat 1am viéc cua ejector.

2.CO SO LY THUYET

2.1. Céu tao va nguyén Iy 1am viéc ciia ejector

Hinh 1 13 c4u tao cia mdt ejector dung
dé hoa tron hdn hop hoi cua hai chat long
(Steam Ejector) dién hinh, thong thuong nd bao
g6m bon bd phan chinh: voi phun so cap, buong
hut, budng hoa tron va budng khuéch tan. Hoi
so cAp c6 nhiét d6 va ap sudt cao sé gidn nd va
tang toc qua voi phun so cip, thudng 13 mot voi
phun c6 bién dang nhu éng Laval. Qua trinh
nay chuyén doi nang lugng ap sut cta hoi so
cap thanh niang lugng dong hoc, 1am cho hoi
SO cép thoat ra voi tde do cao, tao ra vung ap
suét thap tai miéng voi phun. Ap suit thap tai
miéng voi phun so cép, két hop voi hiéu ung
trugt giita hoi so cAp va hoi thir cap lam cho
chét long tht cdp bi hut vao budng lam viéc
cua ejector. Dong tia sau khi ra khoi voi phun
so cdp gdy ra nhidu dong manh trong budng
hut, dan dén sy hoa tron, trao doi dong luong
va nang luong gitra hai dong chat long.

Budng hat Budng trn Hong hit  Budng khuyéch tan

Dong so cip

—_— —_—

Déng hén hgp

Dong thir cap

Hinh 1. Céu tao cia Ejector phun hoi

Sy trao d6i nay lam giam dong ning
ctiia dong so cip va ting dong ning cta dong
thir cAp. Sau d6, hai dong chat 1ong hoa tron
v6i nhau thanh mot dong duy nhat trong buong
tron. Dong chat long hdn hop tiép tuc bi giam
toc trong khuéch tan, va dong ning cta nd dugc
chuyén d6i thanh ap niang. Cudi cung, dong
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chat 1ong hdn hop thoat ra khoi ejector v6i mot
ap suat xac dinh [3-5]. Dé thuan tién trong qua
trinh khdo sat dac tinh thuy dong luc hoc cua
ejector, ta xét hai thong s dic trung 1a ty 16 hoa
tron o va ty s6 duong kinh yd duoc dinh nghia
nhu sau:
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Trong d6: m_la khéi lugng hoi so cap,
m_1a khéi lugng hoi thi cdp, d, 1a duong kinh
voi phun co s6, d, la du’(‘mg’ kinh hong hut Clzla
voi phun co s6, A, 1a van toc cua dong so cap
tai dau voi phun, A 1a van toc am thanh.

2.2. Co s6 Iy thuyét tinh toAn mé phéng sb

Dong chay trong ejector dugc coi la
dong chay dung khong nén duoc, dac tinh cuia
n6 dugc mo ta bdi phuong trinh lién tuc, dinh
luat bao toan dong luong va dinh luat bao toan
nang luong duogc trinh bay nhu sau [6-8]:
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Trong d6: t 1a thoi gian, p 1a khdi luong
riéng cua chét 1ong, u 13 van téc, E 13 ning
luong toan phan, T 1a nhiét do, p 14 ap suat, T 1a
mg suat nhot, p 1a hé sb nhdt dong hoc, A 1a hé
s6 dan nhiét, i va j 1a cac vecto don vi trén cac
truc toa do x, v, z.

3. TINH TOAN MO PHONG SO
3.1. M6 hinh tinh toiAn moé phéng

Ejector khao sat trong bai bao nay dugc
thiét ké theo phuong phap Sokoloff, véi gia
thuyét dong chay trong ejector 1a dong chay
dung, qua trinh hoa trdn cua hai dong xay ra ¢
ap suat khong doi. Cac thong s6 hinh hoc chinh
cua ejector dugc trinh bay trong Bang 1.

Bdng 1. Cdc théng s6 chinh ciia ejector tinh todn

mo phong
STT Tén Ky Gidui| bon
hiéu | (mm) vi
1 Du:ong‘lﬁmh d 3.7 mm
hong vdi phun 0
Chiéu dai hong
2 hat S, 5 mm
3 | Duong kinh d 284 | mm
vOi phun °
4 Chigu dai ong s 10 mm
loe !
Chiéu dai éng
5 thu hep S, 25 mm
Duong kinh
6 buéng hoa tron d, 23,2 mm
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Trong bai b4do nay, moé hinh ejector,
mién khong gian tinh toan duoc xay dung trong
phén mém Solidworks, sau d6 dugc dua vao
phan mém Ansys Fluent dé tién hanh chia luéi,
dat cac diéu kién bién va tién hanh tinh toan
mo phong. M6 hinh tinh toan mé phong truong
dong trong ejector.

Déng so cip Ejector Dong hén hop

(Pressure Inlet) $ (Pressure Outlet)

Déng thir cip Mién khong gian
(Pressure Inlet) tinh toan

Hinh 2. M6 hinh bai todn mé phong sé dong chay
trong ejector

3.2. Chia lwéi, diéu kién bién, cic truong
hgp tinh toan mé phong

Truong dong chday bén trong ejector
duoc tinh todan mod phong bang phan mém
FLUENT. So v&i van toc siéu am tai ddu ra cua
voi phun so cép, van toc ban dau tai dau vao
ctia dong thir cdp coi nhu khong dang ké va
duoc bo qua trong qua trinh tinh toan. Di voi
phan thanh rin 13 bién dang cia ejector duogc
dat 1a tuong tiéu chuan véi tinh chat khong
thAm, khong truot, cach nhiét. Piéu kién bién
cia dong so cp va dong thu cip duoc dit 1a
“Pressure Inlet” trong khi diéu kién tai bién dau
ra dugc dat 1a “Pressure Outlet” voi gia tri ap
suat bang véi ap suat ciia moi truong bén ngoai
voOi phun.

Hinh 3. Ludi chia trén mién khong gian tinh todn

Ludi phi cau triic dugc str dung dé chia
lu6i mién khong gian tinh todn, ¢ vung gan
thanh cua ejector va miéng voi phun so cap noi

ma c6 su bién thién 16n vé ap suét, van tdc,
nhiét d6 ludi dugce chia min hon nham khao sat
tdt hon cac hién tuong roi do su tuong tac cua
dong chay vé6i 10p bién gan thanh cia ejector.

Pé nghién ctu anh hudng cia dudng
kinh voi phun so cip dén dic tinh dong chay
va hiéu suét cia ejector, nhom tac gia thuc hién
tinh toan voi cac kich thude duong kinh khac
nhau ctia voi phun so cap. Ap suét cua dong so
cép 600 kPa tuong mg vé6i nhiét do hoi bio
hoa 13 432,15 K, ap sut ctia dong thir cap dugc
tinh todn cho ba truong hop la 12 kPa, 15 kPa
va 18 kPa.

4. KET QUA VA PHAN TiCH KET QUA

4.1. Su phu thudc ty 1¢ hoa trén ® va ty sb
duwong kinh y,

Hinh 4 trinh bay mbi quan hé cua ty 1€
hoa tron o cua ejector voi ty s duong kinh Y
tuong Gmg voi ba ap suat cua dong hoi thir cip
la 12 kPa, 15 kPa va 18 kPa, trong diéu kién
ap suat hoi so cap P, duoc dat 1a 600 kPa. Tu
do thi, ta thay rang ty 1¢ hoa tron o ban dau
tang manh khi ty s6 duong kinh tang tir 1-2, sau
d6 ty 16 hoa tron gan nhu khong tang khi ty sb
duong kinh ting tir 2-4, khi ty s6 duong kinh
tiép tuc tang thi ty 1¢ hoa tron ciia ejector giam
manbh.

Khi ty s6 duong kinh dat dén mot gia tri
nhat dinh, hoi so cip tir voi so cap tao ra ap suét
du thip cho phép dong hoi thir cip duoc hut
vao trong ejector va dat diéu kién dong chay t6i
han (critical flow condition). Theo 1y thuyét co
hoc chit 1ong, sau khi dong chay dat trang thai
t6i han, luu luong khdi cling dat gia tri cuc dai
va khong thay doi khi ap suét hat giam. Do d6,
khi dat dén trang thai toi han, ta tiép tuc ting ty
s6 duong kinh y , thi ving dau ra cta voi phun
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thir cap c6 4p suét thap horn nhung luu luong
khéi ctua dong hoi thu cap gan nhu khong doi.

Piéu nay giai thlch rang ty s6 hoa tron gan nhu
khong dbi khi ty sb duong kinh y ,tang 1én vuot
qua mot gia tri nhat dinh Hinh 4.
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Hinh 4. Sw phu thudc cua ty Ié hoa tron o vao ty
50 dwong kinh y , tai cac ap suat hoi thir cap

khac nhau

Khi ty s6 dudng kinh tiép tuc ting, ap
sudt tai dau ra ctia voi so cap co thé tiép tuc
giam, tuy nhién, duong kinh dau ra ctia voi phun
so cap tang lam giam dang ké dién tich tiét dién
hiéu dung cho dong hoi thtr cAp duge hut vao.
Dién tich tiét dién hiéu dung giam cuing VO'l ap
suit cao do hiéu tng dimg ctia hoi so cép tdc
d6 cao gan thanh ejector s& lam giam manh luu
lwong khdi cua dong hoi thir cap duge hut vao,
tham chi tao ra dong chay nguoc cia dong thir
cap. Do d6, co thé thiy rang ton tai mot khoang
ty s& duong kinh tdi wu dé ejector hoi dat duoc
hiéu suat tdt nhat.

4.2. Anh hu’(rng cua ty s6 dwong kinh y p dén
truwong phan bé van tdc trong Ejector

Hinh 5 13 trudng phén bd van tc ctia
dong chay trong Ejector tuong tng vdi cac
ty 1¢ duong kinh khac nhau ¢ cung mdt diéu

kién bién p, = 15 kPa, p, = 600 kPa. Truong
phan bd van tdc cho thay rang, khi dong hoi so
cip c6 van toc cao di qua ddu ra cua voi phun
e ector, sy mé rong dot ngdt cua dau voi phun
SO cp gay ra sy nhiéu dong 16n trudng dong
tai viing dau voi phun va tao ra séng xung kich
xién. Cac song xung kich nay lan truyén qua
chat 16ng, dén 16p bién sat thanh cta ejector
va bi phan xa, bién thanh séng gidn nd. Séng
gidn nd sau d6 lai duoc chuyén déi thanh séng
nén tai vang 16p bién, trong qua trinh bién d6i
nay ning luong cia séng xung kich dan bién
mat. Do d6, bén trong ejector hinh thanh nén
mot chudi song xung kich bién d6i gidn ng va
trao d6i nang lugng lién tuc. Cac song xung
kich nay lam ting nhanh 4p sudt tinh cua dong
chat 1ong hdn hop, khién trang thai dong chay
chuyén tir siéu &m sang cin am.
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Hinh 5. Truong phdn bo vén toc trong Ejector tai
cdc ty so dwong kinh khac nhau

Trudng phan bd van tc ctia dong khi
trong ejector cho thdy rang van tdc chuyén
dong cua dong khi trudc khi ra khéi voi phun
so cap dat van toc siéu am. Pac biét véi truong
hop ejector ¢é ty sb dudng kinh y,= L1, vay,=
1,5 thi van toc cua dong khi sau khi ra khéi voi
phun lai tiép tuc ting téc thém dat toi van toc
siéu 4m khoang 1000 m/s. Trudng phan bd van
tdc cua dong khi trong ejector rat khong dong
déu do d6 ton that ctia dong chay trong ejector
rat 16n, diéu nay lam giam hiéu suat thuy dong
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lu:c hoc cuia Ejector. Pbi v6i voi phun c6 ty
s6 duong kinh Yo = 25, y,=35vad, ta thdy
truong phan bd van tdc cua dong khi sau khi
ra khoi voi phun déu dat trang thai siéu am va
tuong d6i ddong déu dan dén ton thit ning luong
cia dong chay trong ejector 13 twong ddi nhod
nén hiéu suat thay dong luc hoc ciia né twong
dbi tot. Trong cac truong hop khao sat, truong
phﬁn bd vén tdc ciia dong khi trong ejector co
ty s6 duong kinh Vo= 3,51a dong déu nhit tir
dau voi phun so cp cho dén dau ra cia ejector,
do d6 ton that niang luong cua dong chay trong
truong hop nay 1a nho nhat. Do d6, hiéu suit
cua ejectqr c6 ty s6 duong kinh y .= 3,5 dat gia
tri 16n nhat.

5. KET LUAN

Bai bao di tmg dung phuong phép s6 dé
phan tich dac tinh 1am viéc cua ejector, qua do
danh gia anh huong cua ty sd duong kinh y f dén
dac tinh thuy dong luc hoc cua ejector. Dudi
day 1a mot s6 két qua chinh:

- Khi ty s6 duong kinh Y, < L5, ty sO
hoa tron tang tuyen tinh v6i ty s6 duong kinh y,
Va sau d6 dat dén gia tri toi wu tuong u’ng voi ty
s6 duong kinh 1,5 < Y, < 3,5. Khi ty s6 duong
kinh y,> 3,5 thi ty s6 hoa tron cua ejector glam
manh, do d6 v6i mot didu kién van hanh nhét
dinh, tdn tai mot khoang ty’so du’ong kinhy, tdi
uu giup ejector dat hiéu suat cao nhat.

- O diéu kién lam viéc p, = 15 kPa, p_
= 600 kPa, ejector khao sat dat trang thai t&i
han kép 1a luu luong khdi ctia dong so cp,
dong th cép, va dong hon hop dat gia tri cuc
dai twong Gmg véi ty sb duong kinh y , trong
khoang 1,5-3,5.

Nhiing két qua thu duoc khong chi gop
phan hiéu rd hon vé dic tinh cua dong chay

va truyén nhiét bén trong ejector ma con cung
cip co so khoa hoc cho viée t6i wu hoa thiét
ké, nang cao hiéu suit hé thong. Nghién ctru
¢6 thé duge mé rong bang cach két hop véi cac
phuong phap thuc nghlem dé kiém chimg mo
phong va toi wu hoa thiét ké ejector trong cac
diéu kién véan hanh thyc té.+

Loi cam on:
Nghién clru nay duogc tai tro boi Truong
DPai hoc Hang hai Viét Nam trong dé tai ma so:

DT24-25.46.%

Ngay nhan bai: 18/02/2025
Ngay phan bién: 06/3/2025

Tai liéu tham khéao:

[1]. Chen, W, et al., “Numerical assessment of ejector
performance enhancement by means of combined
adjustable-geometry and bypass methods”. Applied
Thermal Engineering, 2019. 149: p. 950-959.

[2]. Zou,J.,etal., “Theoretical studies on wide-operating-
range ejector based on operating conditions and
multi-parameter coupling effect in proton exchange
membrane fuel cell system”. Applied Thermal
Engineering, 2024. 251: p. 123602.

[3]. Jiang, X., et al., “Modeling and experimental
research on adjustable ejector in fuel cell gas
circulation system”. Applied Thermal Engineering,
2024.257: p. 124431.

[4]. Dai, Z., et al., “Advanced exergy analysis on an
ejector using zeotropic mixture in a refrigeration
system”. International Journal of Refrigeration,
2025. 172: p. 266-283.

[5]. Al-Doori, G., et al., “A review of axial and radial
ejectors:  Geometric  design, computational
analysis, performance, and machine learning
approaches”. Applied Thermal Engineering, 2025.
266: p. 125694.

[6]. Jack P. Holman, J.L., “Fluid Mechanics”. 5 ed.:
McGraw-Hill.

[7]. ANSYS Fluent Theory Guide. 2013. 814.

[8]. Wang, K., et al., “Optimization design of steam
ejector primary nozzle for MED-TVC desalination
system”. Desalination, 2019. 471: p. 114070.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 327, thang 4 nim 2025 )
cokhivietnam.vn / tapchicokhi.com.vn



