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Tom tat

Trong bai bao nay, mot chuwrong trinh tinh toan thiét ké ejector lam viéc trong chu trinh lanh két hop ejector -
méy lanh c6 may nén hoi duoc phét trién. Méi chét lam viéc trong tiéu chu trinh nén hoi la R134a va méi
chét Iam viéc trong tiéu chu trinh nén hoi la R410A. Anh huéng cla cac diéu kién vén hanh va ndng suét
lanh ctia hé théng déu duwroc xem xét. Két qua tinh toén cho théy ty Ié dién tich téng khi nhiét do phét sinh va
nhiét do trung gian téng; va giam khi nhiét dé6 ngwng tu va nhiét do bay hoi tdng. Khi nhiét do phat sinh,
ngung tu, trung gian va bay hoi I&n luot 13 80 °C, 34 °C, 15 °C, 0 °C, ty Ié dién tich tinh toén duroc 1a 8,55 va
khéng phu thudc vao ndng suét lanh. Bai béo ciing duwa ra phuwong trinh dé tinh toan thiét ké céc kich thuéc
quan trong cta ejector dwa vao céc thong sé van hanh va nang suét lanh. Két qua phén tich ciing cho thdy
réng, khéng thé st dung ejector R134a duoc thiét ké cho chu trinh ejector don dé str dung cho chu trinh két
hop.

T khoa: Ejector, chu trinh két hop, ty 1& dién tich
Abstract

In this paper, a calculation program is developed to design ejector working in a combined ejector - vapor
compression refrigeration cycle. R134a is selected as the refrigerant for the ejector sub-cycle, and R410A is
selected for the compressor sub-cycle. The effect of operating conditions and cooling capacity are
examined. The results show that the area ratio increases with the increasing of generator temperature and
intercooler temperature; and decreases with the increasing of condenser temperature and evaporator
temperature. When the generator temperature, condenser temperature, intercooler temperature and
evaporator temperature are 80 °C, 34 °C, 15 °C, 0 °C respectively, the area ratio is 8.55 and independent
with cooling capacity. The design equations of significant dimensions based on operating conditions and
cooling capacity are also introduced. The results show that R134a ejetor which is designed for simple

ejector cycle is not suitable for combined cycle.
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1. Gi6i thi¢u

Trong nhiéu nim gan day, cong nghé lam lanh
va diéu hoa khong khi bing ejector giy dugc nhidu
cht y. Chu trinh ejector sir dung ngudn ning luong
dau vao 1a nhiét ning do d6 c6 thé van hanh bing
nang lugng mait troi hodc cac nguén nhiét thai trong
cong nghiép. So véi chu trinh may lanh hap thu, chu
trinh ejector sir dung thiét bi gon nhe, don gian va chi
phi van hanh thap hon nhiéu. Nhugc diém chinh cia
chu trinh ejector 1a COP thap [1,2]. Vi ly do do,
ngudi ta két hop chu trinh ejector va chu trinh may
lanh may nén hoi nham nang cao COP so véi chu
trinh ejector don dong thoi giam thiéu dién ning tiéu
thu ciia may nén so vdi chu trinh may nén hoi don
[1,3].

Trong tAt ca cac hé théng may lanh ejector, viéc
thiét ké ejector ludn dong vai trd quan trong nhét.
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Viéc thiét k& t6i wu ejector nham lam téi thidu hoa
tinh bat thuan nghich cua cac qua trinh xay ra bén
trong ejector [4].

Mo hinh thiét ké ejector dugce su dung rong rai
nhit hién nay 1a mé hinh cua Huang va céc cong su
[5]. Bén canh viéc phan tich 1y thuyét, tac gia cling da
lam thyc nghiém véi 11 ejector R141b dé kiém
ching. Tac gia da dua vao thong sd hiéu sudt dong
lwu dong, hiéu suat dong 16i cudn, hé sb hoa tron dé
lam cho md hinh tinh toan phu hop v6i thuc nghiém.

Mot cong cu thiét ké ejector chi tiét hon duoc dé
xuat boi ESDU [6], mot t6 chic k¥ thuat c6 tru so tai
Vuong Quc Anh. Ca mé hinh cua Huang va céc
cong sy [5] va mé hinh cia ESDU [6] déu st dung
gia thiét vé khi ly tuong ddi voi moi chat lam viée
trong ejector.

M. Ouzzane va Z. Aidoum [7] da dwa ra md
hinh phén tich 1y thuyét va thiét ké ejector dua vao
chi s6 Mach. Tac gia danh gi4 thiét ké ciia budng hoa
tron c6 anh huodng rat 16n dén hiéu qua lam viéc cia
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ejector bang cach kiém soat mirc do cua sy gia ting
ap suat dot ngdt trong buong hoa tron ejector.

A. Khalil, M. Fatouh, E. Elgendy [8] da dua ra
mo hinh 1y thuyét va thiét ké ddi voi chu trinh ejector
don 1am viéc voi moi chat R134a. Anh hudng cua
diéu kién van hanh dén hiéu suét hé théng duoc tac
gia phan tich k¥.

Trong bai bio nay, mot mo hinh thiét ké ejector
cho chu trinh két hop ejector - may lanh may nén hoi
dugc gidi thiéu. Moi chit duoc str dung cho tiéu chu
trinh ejector 1a R134a va moi chat dugc sir dung cho
tiéu chu trinh nén hoi 1a R410A. Anh hudng cua diéu
kién van hanh dwoc xem xét dong thoi cac phuong
trinh biéu dién mbi quan hé giira kich thude hinh hoc
ejector va cac thong sé van hanh dugc thiét 1ap.

2. Phan tich h¢ thong
2.1 Nguyén Iy hé thong

Hinh 1 trinh bay so d0 nguyén 1y cta chu trinh
két hop ejector - mdy lanh may nén hoi. Hé théng van
hanh ¢ 4 murc ap suat khac nhau tir cao xuong thap
gom ap sut phat sinh, ap suét ngung tu, &p sut trung
gian va ap suat bay hoi. Binh phat sinh sau khi nhan
nhiét lugng tr moi trudng ngoai sé lam bay hoi moi
chét lanh. Mdi chét lanh & ap suét cao s& duge phun
vao trong ejector va 16i cubén dong moéi chat ap sudt
thdp tir binh trung gian di ra va hoa tron dé di vao
binh ngung. Mai chat lanh sau khi dugc ngung tu &
binh ngung s& c6 mot phan dugc bom vé binh phat
sinh va mot phan di qua van tiét luu dé dugc bay hoi
tai binh trung gian. O tiéu chu trinh nén hoi, hoi méi
chat lanh tir binh bay hoi dugc may nén day lén ap
sut cao ngung tu tai binh trung gian sau d6 qua van
tiét Iuu va trd vé binh bay hoi tao thanh chu trinh
khép kin.

6

Binh phat sinh 1

Ejector
Binh ngung q?[:‘-__;:-

b

Binh trung gian

F 3

Van tiét lvu 2

May nén

Binh bay heoi

Hinh 1. So @ nguyén 1y cua chu trinh két hop ejector
- may lanh c6 may nén hoi

Hinh 2 trinh bay dd thi 7-s cic chu trinh trong
hé théng két hop véi cac diém twong ung nhu trong
hinh 1.
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Hinh 2. D6 thi T-s ctia chu trinh két hop ejector - may
lanh c6 may nén hoi

Céc qua trinh trong h¢ thong két hop nhu sau:

+ Qua trinh 1-2-3: cac qua trinh xay ra bén trong
ejector, chi ti€t cua cac qua trinh nay s€ dugc thé hién
1o trén hinh 3.

+ Qua trinh 3-4: hoi moéi chat lanh ra khoi
ejector va ngung tu sau khi di binh ngung.

+ Qué trinh 4-5: moi chét lanh di qua van tiét
luu 1 d€ chuén bi di vao binh trung gian. Bay 1a qua
trinh dang entanpi.

+ Qua trinh 5-2: moi chat lanh di qua binh trung
gian, nhan nhiét tir ti€u chu trinh nén hoi va bay hoi
trude khi di vao ejector.

+ Qua trinh 4-6: moi chétvlanh duoc bom vé
binh phat sinh. Pay 1a qua trinh dang entropy.

+ Qué trinh 6-1: moi chit lanh di vé binh phat
sinh va duoc gia nhiét dé bay hoi truée khi di vao
ejector.

+ Qua trinh 7-8-9-10: cac qua trinh xdy ra trong
chu trinh lanh nén hoi théng thudng.

Hinh 3 trinh bay cdc qua trinh xdy ra bén trong
ejector. Cac qua trinh dién ra nhu sau [8, 9]:

+ Hoi méi chét lanh bdo hoa & ap suit cao dugc
phun vao trong ejector, 4p suit giam dan khi di qua
ong phun so cap (duogc thiét ké theo kiéu éng Laval).
Cung lac do, tbe do dong Iuu chét tang va dat tbe do
am thanh tai ¢6 dng (diém “co”).

+ Ap suat sau do6 tiép tuc giam va tbc do dong
hoi moi chat tiép tuc tang lén cyc dai tai cua ra cla
4ng phun (dlem “r”). Tai ddy, hoi méi chét tir binh
trung gian bi cudn vao trong ejector va bat dau qua
trinh hoa tron (diém “ht”).

+ Tai gan cudi budng hoa tron, mot séng xung
kich phap tuyén (shock) xay ra (diém “s s”), ap sudt
tang dot con tdc d6 dong luu chit giam xubng dudi
toc d6 am thanh.

+ Sau d6 4p suét tiép tuc ting va tdc d6 4m
thanh gidm khi di ra khéi ong khuéch tan.
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Ongphun  Budng hit Budng hoa tron Ong khuéch tin Thong luong khoi luong dong bi cudn tai ctra ra
(diém (13 ,,)
Dong luu —
dong —
P, T;, . . .
(P, Ty,my) — C,, 2(12 _er) 21, (lz er,de)
‘ - Dong hoa trén G2r =—= = (2)
S
(P3,m;) V V v,
Dong bj 10i cuén 2 2 .
Ap suit (P5,T5,my)

trong d0: iz.q = f(s2, P:) 1a entaipi dang entropy cua
- -LLi_JL___i_Lp, mdi chat tai vi tri “r” cua dong bi cuon; s, 12 lan lugt
! b 1a entropy va entanpi ctia moi chat tai diém 2; iz, ¢z,

‘ T P vz lan luot la entanpi, téc do va thé tich riéng cua
- |- - -r P dong bi cudn tai vi tri “r”
{ R Pll(

I T - Ap suét tai cira ra 6ng phun P, duoc lap cho dén
s 3 khi G, dat gié tri cuc dai. Theo gia thict: Py, = P,
11 | |
! : : : oo ds Qua trinh hoa tron duogc tinh toan dua trén cac
ocdo N\ o By A \ A
| ! C ’Q’ | Am thanh phuong trinh bao toan khoi lugng va mé-men:
1 1 1 1 1|l 1 »
Vi tri doc theo ejector ilr + a)l'zr = (1 + a)) iht 3)

Hinh 3. Cac qua trinh xay ra trong ejector
) ¢, +wc,, =(1+o)c, 4)
2.2 Cdc gid thiét

z 5 3 +7 , = , P, A CR Y A
Cic gia thiét duei day duoc sit dung dé xay trong d6: +i;- = f(s;, P,) 1a entanpi cua dong luu dong

dung md hinh tinh toan: tai vi tri “r; ¢, =4/2(i, —i,) la tbc do dong luu
dong tai cira ra dng phun; iy, cx 1an lugt 1a entanpi va

+ MO hinh 1 chiéu, dong chay 6n dinh, doan oo O~
toc do dong hoa tron.

nhiét. Moi chit di vao va ra khoi ejector ¢ trang thai

béo hoa. Téc d dong hoa tron c6 thé duoc tinh theo cong
+ Tbc do dong moi (;héit di vao ong phun va tde thire:
d6 dong moi chat ra khoi ong khuéch tan bang 0. - c
’ & & & Cr = \/2(13 _lht) =2, (13 _lht,de) (5)
+ Qua trinh hoa trdn hai dong luu xdy ra trong o
budng hoa tron, bat dau tir vi tri “r” dén vi tri “ht”. trong d0: inde = f(sm, P3) 1a entanpi dang entropy cua
Qua trinh hoa tron ndy dugc xem nhu xdy ra tai ap dong hoa tron; sw = f(in, Pn) 1a entropy cua dong hoa
suat khong doi (Py = P,). tron; i3, Ps 1an luot 1a luot 13 entanpi va ap suét tai
diém 3.

113 ”

+ Dong bi cubn dat téc d6 4m thanh tai vi tri ) ) )
[7]. Ty 1¢ cudn cuia ejector 1a ty so luu lugng khoi

n 2 oz ) . luong gitra dong bi cudn va dong luu dong:
+ Hi¢u suat ong phun va ong hit dugc chon la

0,9 [2] (7: = 52 = 0,9). Hiéu suat qu4 trinh lfhuéch tn w="1 (6)
dgrqc chon 1a 0,8 [2] (g« = 0,8), hi¢u suat nay bao m,
gom ca qua trinh tdng ap do shock va qua trinh tang . o 5 . )
ap trong dng khuéch tan [10]. . Phuong trinh can bang nang l}rqng tai binh phgt
sinh, binh ngung ty, binh trung gian, binh bay hoi,
2.4 Cdc phwong trinh bom mdi chat long va may nén:
Théng luong khéi lwong dong luu dong tai b Q,.=m, (il —i6) (7)
ong (diém “co” !
0, = (m1 +m2)(i2 —i5) ®)
G _ Cco _ 2(11 _l.w) 2’71( cade) (1) . X . . 9
© v V. m; (llo b ) =m, (lz - ls) )
trong d0: icode = f(s1, Peo) 12 entanpi déng entropy cua O =my (i ~iy) (10)
moi ch.atntal d}gm Aco‘; si i laI} luot 1a eI}tropy V? W, =m, ( —i4)—m1 (P —P) (11)
entanpi cuia moi chat tai di€m 1; ico, Cco, Voo 1an lugt 12
entanpi, toc d§ va thé tich riéng ctiia dong 161 cudn tai W, =m, (iw - l'q) (12)
vi tri “co”.

trong do: cac ky hiéu O, W, m, P lan luot dai dién cho
cong suét nhiét, cong thlet bi, luu luong khdi lugng
dong luu chat va 4p suét cua luu chat; cac ky hiéu
chan: 7, 2, ..., 10 dai dién cho vi tri cac diém trén chu

Ap sudt moi chét tai ¢d dng P., duge lap cho
deén khi G., dat gia tri cuc dai.
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trinh hinh 2; cac ky hi€u chan: ps, nt, bh, b, mn lan

luwot 1a phat sinh, ngung ty, bay hoi, bom, may nén.
Puong kinh ¢6 dng phun, ctra ra dng phun va

duong kinh than ong dugc tinh theo cac cong thic

dw = ﬂ = ﬂ (13)
\ 7 zG,,
— 4Alr — 4m]v]r (14)
V T e,
4(m1+m2)vh, (15)
e,

trong do: 4, d lan luot 1a tiét dién va duong kinh dng
tai diém dang xét.

Ty 1& dién tich 1a ty sb gitta dién tich mat cét
budng hoa tron va dién tich mat cit ¢ dng:

2
dy
df

Duya vao cac phuong trinh trén, két hop véi do
thi hinh 2 va 3, mdt chuong trinh tinh toan dugc xay
dung dua trén phén mém EES. Méi chat duoc chon
cho tiéu chu trinh ejector 1a R134a va tiéu chu trinh
nén hoi 1a R410A. Cac thong sd dau vao bao gdm
O (0,5-5 kW lanh), T, (60-100 °C), T, (30-40 °C),
Tig (10-20 °C), Ty (0-10 °C), AT,y = 5 °C va céc
thong sd hi¢u suat. Chuong trinh tinh toan thlet ké
cac thong sb chinh ciia ejector nhu duong kinh ¢6 éng
phun, duong kinh ctra ra ong phun va dudng kinh
than 6ng. Cac phan tich chi tiét cho chu trinh lanh
tich hop R134a - R410A cting nhu mé hinh tinh toan
ty 16 cudn o c6 thé tham khao trong tai liéu [1] Cac
kich thudc phu khac c6 thé lya chon theo khuyén céo
cua ESDU [6]. Tha tuc tinh toan dugc thyc hién nhu
sau:

TLDT:%:( (16)

2.5 Phwong phap

1. Lua chon méi chét va cac thong sb dau vao
(Tps; Tnt, Tbh, Ttg, ni, N2, nkt)

2. Tinh toan cac thong s6 nhiét dong tai diém 1
dua vao nhiét o phat sinh va diéu kién bao hoa kho.

3. Tinh toan cac thong s6 nhiét dong tai diém 2
dua vao nhiét do trung gian va di€u kién bao hoa kho.

4.'Tinh toan P, icode t phuong trinh (1). Tw
hi€u suat ong phun 1 suy ra ic.

5. Tinh toan P, iz tt phuong trinh (2). Tu
hiu suat ong hut 7, suy ra i

6. Tinh i;- tir P va tinh ¢, tir iy,

144

7. Ap dung phuong trinh (3) va (4) tinh duoc ix
va cp nho vao o da dugc tinh toan va xac thyc trong
tai liéu [1].

8. Tinh si va inyge. Tt d6 suy ra i3 nho vao 7.

9. Tir O va céac entanpi tai cac diém trén chu
trinh, tinh dugc m7. Tu phuong trinh (9) tinh dugc
my. Sau do tur ty 1€ cuon w tinh ra m;.

10. Sau khi c6 ddy du cc thong so thi sir dung
cac cong thie (13 - 16) dé tinh toan kich thude.

3. Két qua va ban luin

Hinh 4 - 8 trinh bay anh huong cua nhiét 46 phat
sinh, ngung ty, trung gian, bay hoi va anh huong cua
ning suét lanh dén viéc thiét ké cac kich thudc quan
trong ctia ejector. Cac gia tri chuan duoc lay dé vé do
thi trong hinh 4 la 7,, = 80 °C, T, = 34 °C,
Tig =15 °C, Tor = 0 °C, Opr = 3,5 kW. Khi xem xét
anh huong cua thong so nao thi théng sb d6 duoc
thay doi, cac théng s6 con lai gitt nguyén.

3.1 Anh hwong ciia nhigt dp phdt sinh

Khi nhiét 6 phat sinh tang, cac kich thudc cua
ejector déu duoc thiét ké giam, didu nay la do thong
luong khdi lugng dong luu dong tai ¢ dng tang 1én.

Ty 1€ dién tich tang tir 5,81 1én 8,61 khi nhiét do phat
sinh thay d6i trong khoang 60 °C-100 °C.

12

+dht +d1r —— dCO

10

I-.._“-.

—
'“*ﬁl_ﬁ_.
T . -

Kich thwoc ejector (mm)

60 65 T0 75 80 85 90 95
Nhiét @6 phat sinh (°C)
Hinh 4. Anh huong cua nhiét do phat sinh dén viée

thiét ké cac kich thudc ejector

100

3.2 Anh hwéng ciia nhi¢t dp ngung tu

Khi nhiét d6 ngung tu ting, 4p suit ngung tu
clng tang 1én trong khi ap sudt phat sinh va bay hoi
khong do6i. Piéu nay lam cho ty 1€ nén (ty 1¢ gitra ap
suét ngung tu va ap suat bay hoi) ting 1én. Do do,
cong | suat phat sinh phai tang va luu lugng khdi lugng
qua ong phun cling tang 1én. Piéu nay doi hoi phai
thiét ké 6ng phun c6 kich thudc 16n hon, do do ty 1¢
dién tich ting Ién. (Tiét dién budng hoa tron ciing
tang 1én nhung khong dang ké). Ty 1é dién tich giam
tir 10,19 xudng 7,0 khi nhiét d6 ngung tu thay doi
trong khoang 30 °C - 40 °C.
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Hinh 6. Anh huéng cua nhiét do trung gian dén viéc Hinh 8. Anh hudng Qu, dén kich thude ejector

thiét ké cac kich thudc ejector

3.3 Anh hwéng ciia nhigt dp trung gian

Khi nhi¢t d¢ trung gian tang lén, thong lugng
khéi lwong cua dong bi cudn ting 1én lam cho kich
thudc thiét ké cua ong bi cudn giam. Mic du kich
thude nay 1a khong quan trong, nd cling dong gép vao
viéc 1am giam kich thuéc budng hoa tron va do do
anh huong chung dén toan b cac kich thudc khac
trong ejector. Ty 1& 16i cubn tang tir 7,39 1én 9,09
trong diéu kién thi nghiém

3.4 Anh hwéng ciia nhi¢t dp bay hoi

Mic du thiét bi bay hoi khéng nim trong tiéu
chu trinh ejector, nd ciing ¢ thé anh huong dén viée
thiét ké ejector. Nhiét do bay hoi tang 1én lam cho
luu lugng di qua binh bay gidm va do d6 cac luu
luong trong toan bd hé thong déu giam, dan dén viec
giam kich thudc thiét ké ejector. Ty 1& dién tich giam
tir 8,56 xudng 6,27 trong khoang dang xét.

3.5 Anh hwong ciia nang sudt lanh

Khi ning suét lanh cua hé thdng ting 1én, cac
gia Iuu luong khdi lwong tudn hoa trong hé thong
cling tang, do d6 lam tang kich thudc thiét ké ejector.
Ty 1& dién tich trong truong hop nay hau nhu khong
thay ddi (bang 8,55).

3.6 Thiét ké ejector

Xu huéng bién d6i cua ty 1& dién tich ciing
tuong ty nhu xu huéng bién doi cua ty 1& cubn (xu
hudng bién doi cia ty 1& cudn di duoc trinh bay trong
[1,8]). Piéu nay la do, khi thay cong thirc (13), (15)

vao cong thuc (16), ta dugc:
Gcovht ml +m2 — Gcavhr (1+a))
ml cht

TLDT =

amn

Cht

Tir céc két qua duoc chi ra trong cac hinh 4 - 8,
ta thiy rang nang suat lanh va cac diéu kién van hanh
¢6 anh hudng 16n dén dén viée thiét ké ejector. Vi ly
do d6, can thiét phai thiét 1ap mdi quan hé twong quan
giita kich thudc ejector va bién s nay. Phuong trinh
hoi quy tuyén tinh da bién duong kinh cd ong phun,
duong kinh cira ra 6ng phun va duong kinh budng
hoa tron ejector c6 dang nhu sau:

D:f(Tps’];t’];h’T;g’Qbh)
+a,T,, +a47;g +a;0,,

(18)

a, + alTpS +a,T,

nt

V6i cac hé sb duge cho trong bang 1.
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Bang 1. Hé sb hdi quy cua phuong trinh (18)

Kich thudc Cac hé s6 R2
Puong kinh ¢6 | ap=2,172316x10° 84,98%
ongphundeo 1, __ ¢ 051767x10°

a = 1,437332x10
a3 =-7,965921x10°
as= -8,541482x10°
as=5,542732x10"
Puong  kinh | ao=3,609567x10" 87,00%
;&hin drf Ong | o = _1,045933x10%
a=2,882167x10
a3 =-7,376264x10°
as=-1,886310x10*
as=1,125799x10°
Puong  kinh | ap=4,651666x107 89,71%
:J‘;‘:t‘frl:lif‘ Ton | o = 9.910666%10°
a,=2,431008x10"*
a3=-1,151184x10*
as=-1.328218x10*
as= 1,385460x10"*

4. Két luan

Bai béao trinh bay mét chuong trinh tinh toan
thiét ké ejector 1am viéc trong chu trinh lanh két hop
ejector - mdy lanh may nén hoi vo6i cap moi chat
R134a - R410A tuong (g trong cac tiéu chu trinh
d6. Cac két qua phan tich cho thay nhiét do phat sinh,
nhi¢t d0 ngung tu, nhi¢t d0 trung gian, nhiét do bay
hoi va nang suét lanh déu anh hudng dén viéc thiét ké
t6i wu cac kich thude ejector. Phuong trinh (18) cho
thdy mbi quan hé giita cac kich thude ejector va didu
kién van hanh ciing nhu ning suit lanh cua hé théng.
Phuong trinh (18) ciing cho thay: khong thé sir dung
ejector R134a duogc thiét ké 1am viéc trong chu trinh
don dé 1ap vao chu trinh két hop.
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