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ABSTRACT

The Expansion Processing is a very important process of the Refrigeration and Air Conditioning,
by invention of the process the industrial refrigeration systems and the civil refrigeration systems
are developed more perfect. However, this process is not studied thoroughly until now because
it is such a complicated process and has so many parameters related to the process. For this
reason, establishing maths models to solve problems of the process will be not easy.

In this paper, we will introduce a unit analysis method to establish maths models and similar unit
parameters for the Expansion processing refrigerant problems.

TOM TAT

Qué trinh tiét luu la moét qua trinh hét sirc quan trong trong nganh ky thuét lanh, nho sw phat
minh cda qua trinh nay ma cac hé théng lanh cong nghiép hay dan dung ngay nay phat trién
dat t&i mirc hoan thién hon. Tuy nhién, qué trinh tiét luu nay cho dén bay gio van chua dugc
nghién ctu triét dé, béi vi qué trinh tiét luu la mét qua trinh (at phtrc tap, co qua )nhleu théng s6
tham gia, chinh vi vay khi thiét 1ap mé hinh toan sé gap rat nhiéu khé khén dé giai quyét bai
toén tiét luu.

O bai viét nay, ching t6i sé gioi thiéu phwong phap phan tich thtr nguyén dé xay dung mé hinh
toan va xac lap cac chuan sé déng dang cho bai toan tiét ltu mé chat lanh.

L. NOI DUNG khcgng s’mh ngoai cong tor ap ‘suat cao P}
’ ) xudng ap sudt thap hon P, va khong co6
1. Co s6 khoa hoc cia qua trinh tiét lvu  trao d6i nhiét méi truong xung quanh.

madi chit lanh A s 1 ik N
: Nhu vay, qua trinh tiét luu 14 qua trinh

doan nhiét khong thuan nghich vi cé su

W t6n that nang luong do ma sat khi qua khe
_— +v+ W hep ds > 0, dong thoi khéng sinh ngoai
(D — @W2 ong 1, = 0, do (1) va (2) cach xa nhau
nén w; & wy, co nghia la: w12 - W22 ~0—
dw = 0. Theo dinh luat nhiét dong hoc thu

Hinh 1: Co ciu tiét luu trong ong nhit ta co:
dq=dh+wdw =0 (1.1)
e Khi cho dong méi chét lanh long 8q=dh—vdp =0 (1.2)

qua co ciu tiét luu nhu hinh 1 gian no
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Tr(l.1)=dh=0=h;-h, =0 <
hy = hy = Qué trinh tiét luu ¢6 thé dugc
xem la qua trinh dang entanpy.
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Tur do suy ra:
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op ), P

Tu (1.1) va (1.2) = wdw = - vdp =
dp.dw < 0. Vi khi qua khe hep toc do tang
tac thoi, c6 nghia: dw > 0 = dp <0 nhu
vay P 1a mot ham nghich bién véi tde do,
cho nén ap suit giam P, > P, dan dén
nhiét ¢ giam T, > T, diéu nay thay rat rd
qua hi¢u rng Junlen — Thomson.

e Hiéu ung Junlen-Thomson

Vao cudi thé ky 19 Junlen — Thomson
da tim ra hiéu Gmg trong qua trinh tiét luu
nhu sau: khi cho dong méi chét di qua co
cAu tiét lvu Junlen —Thomson di phat hién
ra do bién thién nhiét d6 theo ap suit cua
cac nhom luu chat thuc khac nhau né thay
d6i theo chiéu hudéng khac nhau. Va
Junlen-Thomson goi do bién thién nhiét
do theo ap suat bfmg mot dai lugng 12 oy
va dai luong nay duoc biéu dién theo
phuong trinh sau:

T(é‘vj -V
st __\or),
TSP c

P

Tir (1.3) thi khi qua trinh tiét luu luu

chat dugc thyc hién thi c6 cac truong hop
xdy ra nhu sau:

(1.3)

= Néu o; > 0 c6 nghia T = f(P) 1a mot
ham ddng bién. Vi vay sau qua trinh tiét
lwu 4p suat giam né s& kéo theo nhiét do
giam. Truong hop nay ding cho nhém luu
chat thuc méi chat lanh st dung trong céac
hé théng lanh.

= Néu a; < 0 c6 nghia T = f(P) 1a mot
ham nghich bién. Vi vy sau qua trinh tiét
luu 4p sudt giam n6 s& kéo theo nhiét do
tang. Trong truong hgp nay ndé ding cho
nhom luu chét st dung trong cac trudng
hop dac biét.

e Néu aj=0conghia T = f(P) la mot
ham hang, c6 nghia la cho du ap suat giam
trong qua trinh tiét luvu nhung nhiét d6 van
khong thay d6i. Trudng hop nay ding cho
nhom khi Iy tuong boi vi: Ta c6d pv=RT

Thay vao phuong trinh (1.3) s€ duogc:

(2)-

ai:—zo
C»

2. Phuwong phap nghién ctru

Pé xay dyng mé hinh toan cho qua trinh
tiét lwu moi chat lanh ching t6i di ung
dung phuong phap phan tich thir nguyén
(phuong phap hé so ty 1) de giai quyét bai
toan. Boi vi, qua trinh tiét luu moi chat
lanh réat phtic tap va c6 quéa nhiéu thong sé
tham gia, cho nén khong thé xay dung hé
phuong trinh vi phan dé mé ta cho qua
trinh dugc, hon nita viéc xay dung md hinh
toan gap rat nhiéu kho khan.

3. Xac lap cac chuin sé dong dang cho
bai toan tiét lwvu méi chat lanh

3.1. T htet Igp ham sé dic trung cho qua
trinh tiét lwu tdc nhan lanh trong ong tiét
luu

Nhu da biét, tiét luu moi chét lanh 1a
mét qua trinh het stre phtre tap, phu thude
vao rat nhiéu yéu t6 va duoc dic trung
bang duong cong Fanno nhu trinh bay
trén gian do h — s trong hinh sau:

hy

shg
[ =)

ds =0

Hinh 2: Duong cong dac trung Fanno
trén gian do h - s
Néu goi m 1a véan toc khdi luong hay
mat d¢ dong nhiét [kg/mz.s] thi ta co:
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m = f(AP, p,a p’,a AhOa M,; M”a Ga 15 da
W’,W”, RQa Qa X, (Pa ga (1, na Bl) (31)

Trong do:

» AP =Py - P,: d§ chénh ap suét

» P, 4p suét ngung tu ctia tic nhan lanh
» P, 4p suét boc hoi cua tac nhan lanh

»p’, p’’: lan lugt 1 khéi luong riéng
clia tac nhan lanh 1ong va hoi [kg/m’]

LT Tha lan luot 1a do nhét dong luc
hoc cua tdc nhan lanh I6ng va hoi

* 5: ng suat bé mat

*w’, w’’: lan lugt 1a toc do cua long va
hoi

« |: 1a d6 dai ong tiét luu

» d: duong kinh dng tiét luu

* Ro: ban kinh dic trung cho bot
» Q: dién tich bé mit chuyén pha

» x: d6 kho ( x = 1 duong bao hoa kho;
x = 0 duong bao hoa long)

» : d6 4m

» g: gia tdc trong truong

» o goc nghiéng cua dng tiét luu

» n: phan hoi truyén nhiét ting 1én trong
qua trinh chuyén dong trong ong

= Bi: tat ca cac dai luong phu thude con
lai

Mat khéc, do gilra cac dai lugng trong

ham s6 trén c6 moi twong quan véi nhau:

l:ix+i(l X)
p o p
I 1
-1
@= plp
(———)P'R,
PP,

Nén biéu thtc (3.1) tré thanh:
m = (AP, p, Ah, i, n”°, w,al, d)

(3.2)

Xuat phat tir phuong trinh Bernoulli va
phuong trinh chuyén dong lién tuc, ta xac
dinh dugc duong cong Fanno nhu sau:

2
dh:—d{mv }
2

2 2
@h:hl{mzv m”

Trong do:

(3.3)

h;: entanpy long tac nhén lanh béo hoa
& ap sudt Py (trang thai trude tiét luu).

h: entanpy cua tac nhan lanh trong qua
trinh tiét luu.

v: thé tich riéng tac nhan lanh trong qua
trinh tiét luu.

Trén co s¢ phuong trinh (3.3), véi gia
tri van toc khéi luong m cu thé, ta dung
dugc dudng cong Fanno tuong ung (1 —
2r). Khi m dat dén mot gia tri nao d6 thi
qué trinh tiét luu s& dién ra theo duong
cong Fanno t&i han (1 — 2pry). O d6, tiép
tuyén voi duong cong Fanno tai giao diém
v6i duong dang ép‘suét hoi P, = const s&
trung v6i duong ding entropy s = const
(trc ds = 0). Van tdc khéi lwong m trong
truong hop nay goi 14 van téc khdi lwong
té1 han mry. Va khi do: n, = 0.5 = const.

Trudng hop tac nhan lanh chuyén dong
trong Ong tiét luu tir 4p suat P, dén P, ma
khong co ton that do ma sat, khong co ton
that nhiét ra méi truong xung quanh (tiét
luu doan nhi€¢t khong thuan nghich) thi
van toc khdi luong 1y thuyét clia tic nhan
lanh s€ dat t61 gid tri sau:

m, = p,w, = pn\} 2Ahn

Trong do:

(3.4)

Po: khdi luwong riéng cua hoi 4m tac
nhan lanh sau qué trinh ti€t luvu doan nhiét
(6 trang thai ung véi diém 0).

Ah, = h; - hy: ton that entanpy trong
quaé trinh tiét luu doan nhiét.
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Ngoai ra, tir co s0' ly thuyét clng chung
minh duoc rang, trong qua trinh tiét luu:

p:f(po:il’l 5“ ,Gal,d)
W= f( WO: M’o M”a Ga 15 d)
Mat khac, tir (3.3), ta co:

n=f(Mo, 1,7, 0,1,d)

Tir nhitng diéu da trinh bay trén ta nhan
thdy: van toc khéi luong m s& 1a ham sé
cia van toc khdi lugng 1y thuyét m, va
nhitng tdn that do ma sat duge xac dinh boi
cac lyc ma sat & pha long va pha hoi.
Chung duoc dic trung bang cac hé s6 nhot
dong luc déc trung p’, p”’. Céc lyc ma sat
nay con phu thudc ca vao khong gian hinh
hoc cua hé. Khong gian nay dugc xac dinh
boi chiéu dai 1, duong kinh d va dic tinh
clia dong moi chét lanh tiét luu:

.o LLd)
(3.5)

m = ' ( m, Ah,, @',

Do m,, Ah, va p, cé mdi liér} hé’ véi
nhau nén phuong trinh (3.5) co6 thé viét lai
duéi dang:

.o, l.d)
(3.52)

3.2. Xac lap chudn so dong dang cho qua
trinh tiét lwu méi chit lanh trong ong tiét
luu

m =1t (p,, Ahg, WU,

< Viét thtr nguyén cua tat ca cac dai
luong tham gia

bai lugng vat ly Thur nguyén
1 L

d L

Po ML

Ah, L’T?

W ML'T"

W’ ML'lT'l

0 ﬁi—zw

m
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S6 dai luong vat ly n = §; s6 don vi co
ban m = 3; nhu vy, sO chuan so tha
nguyén: r=8-3=35

¢ Tim phuong trinh: ¢ [ 7}, T, ..., 5 | =0

. 7 =§ - chon d 1am hé s6 ti 1& cho 1

OPL:d
ez, =t
7

Xac dinh h¢ s6 ti 1¢ cta thoi gian, khoi
luong, do nhér:[, suc cang bé mat, ton that
entanpy, van toc khoi lugng.

e Tim P T= ?

o Tim PM =7

[po]=M.L°=>M=[p,]. L’
= Pm = po. d3

Xay dung don vi do cua céac dai lugng
phu thudc thong qua cac don vi do co ban.

Thay cac hé s ti 1é twong tng: L > d;

!
g g—
JAh,

e Tim P“’

-1
o A d
(w]=ML'T" =pdd I[JA—’%J

=P = Pod~|Ah,

M — p,d’

.TimPG
-2
d
cl=MT7?=pd’
o] Po [ Ah()}
= P_= p,dAh,
OTium

[m|=M.L”T™" = p,d°d” [

:Pm:po\/A_ho

Twr d6 xac dinh dugc céc chuan s6 dong
dang:

=)
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° 7[3 = 7[0_ = i = ° = We
P, pyAhyd

Y
P#. Pod~ Dby

P & Ga

Y 5 = s = — = =

P & Po Ahy  F pyAh,

4 A -1 1 A A 5
Luu y: m3 va ()" 1a dang bién thé cta
chuan s6 We va Re
Vay biéu thac lién hé gitra cac dinh so
va chuan so dong dang:

o=f Ga YoR7ENVAYN o u i
Fp,JAh, = w pAhd i d
(3.6)

Hay:

i f[.pod,uho o i}

g W pAbd e d
(3.6a)

Ah

Mat khac, tir (3.3) ta co:
Ah,
v
7]

_ 2Ah |2AR, 7
m=  |——im, = — = — =
v vy 71,
(3.7)

Tir cac biéu thic (3. 6a ), (3.7) co thé
dua ra cic nhin xét vé diéu kién dong
dang cta qua trinh tiét luu tac nhan lanh
trong 6ng tiét luu nhu sau:

« Cac chuin s6 dong dang tham gia
trong vé phai phuong trinh (3.6a) c6 gia
tri bang nhau.

« C6 su dong dang nhiét dong hoc thé
hién trong mbi twong quan gitta H va V
(tac 1a gitra Ah / Ah, va v/ v,).

ReWe=—2
AR,

nén biéu thic (3.6a) con co thé viét lai
nhu sau:

m o f{Re,Drt,’u—”,éj

m, M

Ngoai ra, vi: = Dr,

(3.8)

II. KET QUA VA BAN LUAN

Khi nghién ctu dung phuong phap
phan tich thir nguyén dé xac lap cac chuan
s dong dang khong thir nguyén va dong
thoi thiét lap duoc ham quan hé o (3.8),
thi chung ta hoan toan c6 thé xay dung mé
hinh toan cho qua trinh tiét luu theo
phuong trinh sau day:

NV
M 4Re” .Dr,"{ﬂ—J (ij (3.9)
m, 73 d

Trong (16: A, m, n, o, B: 1a cac héng )
xac dinh bang phuong phép thuc nghiém.

Tir phuong trinh (3.9) ta c6 thé hoan
toan xac dinh dugc m mdt cach chinh xac,
ddng thoi co thé tmg dung tinh toan chon
van tiét luu cho phu hop véi ning suét
lanh cta hé théng lanh.

I1I. KET LUAN VA KIEN NGHI
1. Két luan

T trude dén nay vi¢c tinh toadn chon
van tiét luu pht hop véi ning suat lanh
ctia hé thong lanh gdp rat nhiéu khé khin,
thong thuong chon theo kinh nghiém la
cht yéu. Trong qua trinh nghién ctru xdy
dung moé hinh toan cho qua trinh tiét lvu &
phuong trinh (3.8) va (3.9), chung ta c6
thé thiét lap phuong trinh (3.10) dé tinh
toan chon van tiét luu phu hop véi ning
suét lanh cua hé théng lanh nhu sau:

_ n _ O
n~/AP.p.g  3600.17.q,~+/AP.p.g
(3.10)

Trong do:
o my [Kg/s]: luu luong kh(‘)’i luong moi
chat lanh tuan hoan qua van tiét luu.
em: he s6 nén cia dong chay qua van
tiet luu.
« AP = Py — Py, [Kg/m®] d6 chénh ép
suét trudce va sau tiét luu.
«g =921 [m/s*]: gia toc trong trudng
cua trai dat.
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« p [Kg/m’]: khéi luong riéng moi chat
lanh trude khi qua van tiét luu.

Qo [kCal/h]: nang suat lanh cia hé
thong lanh.

*qo [kCal/Kg]: nang suat lanh riéng
cua h¢ thong lanh.

« F [m?]: tiét dién ngang cua van tiét
luu.

2. Kién nghi

Viéc xay dung md hinh todn cho qua
trinh tiét luu 14 rat kho khin va phic tap.
Tuy nhién, dé xdy dung phuong trinh
(3.9) mot cach chinh xac thi can phai c6
thiét bi thi nghiém hién dai, dong thoi
kiém soat cac thong s tham gia trong qua
trinh bang mdy tinh, bén canh d6 phai
thue hién nhiéu dot thi nghiém dé xac
dinh A, m, n, a, B.

Tir (3.9) ta lay logarit co sd 10 hai vé
thi sé duoc:

lgﬂ =1gA + mlgRe +nlgDr, +

m,
7 /
alg| — | + Blg| — (3.11)
)78 d
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Phuong trinh (3.11) ¢6 5 n s6 do 1a A,
m, n, o, B. Do d6, moi dot thi nghi€ém phai

lam 5 1an dé xac dinh ﬁ, Re, [’U—J,
m H

(éj Nhu vay, moi lan s& thu duge mot

phuong trinh, cudi cing s& c6 5 phuong
trinh 5 an va giai hé phuong trinh do s€
tim duoc A, m, n, a, B.
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