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TOM TAT

Théng qua mé phéng, bai bao danh gia sw anh huong ciia ddc tinh dan bay hoi ciia hé thong
diéu hoa khéng khi t6i qud trinh lam lanh khéng khi trong cabin 6 t6. Két qua nghién ciru cho thdy
sw bién dong cua nhiét do va do am clia khong khi ter khi bat diéu hoa cho dén khi xdc lap ché d¢
on dinh. Nghién ciru la co s6 dé phat trién mé hinh diéu khién hé thong diéu hoa dimg trén cd 6 16
truyén thong va é 16 dién.

Tir khéa: R143a; Do thi Moller; Dan bay hoi; Hé thong diéu hoa khéng khi trén 6 t6,; Nhiét
do; Bé am; O 16 dién.

ABSTRACT

Through simulation, the article evaluates the influence of the evaporator characteristics of
the air conditioning system on the air-cooling process in the car cabin. The research results show
the fluctuation of temperature and humidity of the air from the time the air conditioner is turned on
until the stable mode is established. The research is the basis for developing a control model of the
air conditioning system used on both traditional and electric cars.

Keywords: RI34a; Diagram Moller;, Evaporator; Air conditioner system in car;
Temperature; Humidity,; Electric cars.

1. PAT VAN DPE

Piéu hoa khong khi trén 6 t6 dung dé
duy tri nhiét d6 khong khi trong cabin 6n dinh
khi nhiét d6 moéi truong thay ddi tir 18°C dén
45°C. Cac van dé lién quan dén mo phong hé
théng diéu hoa di dugc mot sd tac gia nude
ngoai cong bd trong [1], [2], [3], [4], [5], [6],
[7]. Trong d6, nghién ctu [4], [7] da dua ra

phuong trinh nhiét dong luc hoc cho cac qua
trinh trao d6i nhiét giira khong khi véi dan bay
hoi. Tuy nhién, tng dung mé hinh mé phong dé
khao sat trang thai bién dong cua nhiét do, do
am va danh gia anh hudng cta dic tinh dan bay
hoi dén qua trinh 1am lanh thi chua duogc dé cap
dén. Bang phuong phap mé phong sd, nhom
tac gia da khao sat duogc trang thai cua khong
khi & ché d6 qua do va dua ra danh gia vé anh
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hudng ctia mot sd dic tinh dan bay hoi dén qua
trinh 1am khong khi.

2. NOI DUNG NGHIEN CcUU
2.1. Thiét 13p mé hinh toan
Mo hinh toan qua trinh trao doi nhiét

giita khong khi voi dan bay hoi cia hé thong
di€u hoa trén xe dugc trinh bay trong [7].

Prén miy nén ()

IR] ) i van tid

il

{d.a) (T) (48,)

T W)

(pf=m, T . W)

Hinh 1. M6 hinh héa trao doi nhiét giita khong khi
véi dan bay hoi ciia hé thong diéu hoa

Hinh 1, mo ta qua trinh hoa tron khong
khi va qua trinh trao d6i nhiét giira khong khi
v6i dan bay hoi cua diéu hoa. Céc ky hiéu trong
Hinh 1 duoc giai thich chi tiét tai Bang 1.

Khdi khong khi trong cabin dugc dac
trung boi cac thong sé6 (M,,T., W,) nhan nhiét
tor moi truong xung quanh nén nhiét d§ cé xu
huong tang cao. Trong khi d6, dong khong khi
tir dan bay hoi (f,T,,W,) vao cabin lai c6 xu
hudng ha nhiét d6. Qua trinh trao ddi nhiét gitta
khong khi trong cabin v&i moi truong va qua
trinh hoa tron gitta khong khi trong cabin v&i
dong khong khi di ra khdi dan lanh dugc mo ta
trong cac phuong trinh ( 1) va ( 2).

Phuong trinh vi phan x4c dinh nhiét o
cua khong khi trong cabin.

v, 4L

" (1)

~Coupf (T, =T)+ 0, + 0, +U, AT, = 1) +m,C (T, =T)+ K, f

Phuong trinh vi phan x4c dinh do am
cua khong khi trong cabin.

M, dzv —p W, = W)+ m b, (W, ~W)+0, (2)

Khong khi di ra khoi cabin
(pf—m,, T ,W )hoa tron vdi mot lugng khi
tuoi tur bén ngoai (m,,T,, W, ). Khong khi sau
khi hoa tron(f,,T,, W )dugc xac dinh theo
phuong trinh ( 3) va ( 4).

Phuong trinh c4n bang nhiét.

pfC,,T, =m,C,T,+(pf ~m)C,T,  (3)

Phuong trinh can bang d am.
PV, =m, W, +(pf —m )W, (4)

Sau khi hoa tron, dong khong khi qua
dan bay hoi c6 nhiét d6 thip. Qua trinh trao d6i
nhiét 1am nhiét d6 khong khi giam, d6 am twong
ddi tang dan. Khi do 4m dat trang thai bao hoa,
hoi nuée bat dau ngung tu ¢ nhi¢t do T,. Theo
trang thai ngung tu cua hoi nudc, vung khong
khi quanh dan bay hoi dugc chia thanh 2 khu
vuc nhu Hinh 1.

Khu vyc c6 nhiét do khong khi thay d6i
tr T Xuéng T,, hoi nude chua dat trang thai
bao hoa. Qua trinh trao ddi nhiét tai day dugc
mo ta & phuong trinh (5).

T +1T,

dr,
C pV,—= d) (5)

_L=Copf(T, =T+ A(T, -

Khu vyc c6 nhiét do khong khi thay
doitir T d ve T, mot phan hoi nuéc trong khong
khi ngung tu. Khong khi ra khoi dan bay hoi
c6 nhiét do T_(°C), 6 4m W_¢ trang thai bao
hoa. Phuong trinh (6) mo ta trang thai can bang
nang luong.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 295, thang 10 nim 2022 sS4
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

dT, dWw,
C,pV d_l;+pVh2hjg 7

= Cop T, =T+ iy (W, W)+t A (T, ~222) (6)

Trong cac phuong trinh ( 5) va ( 6) co
su xudt hién cua nhiét 46 dan bay hoi T, hé )
truyén nhiét (e ;a,), dién tich tiép xuc giira
khong khi v6i dan bay hoi (4,;4,), thé tich
khéi khong khi trao d6i nhiét voi dan bay hoi
(V,;V,,) tuong tmg voi dién tich (4;;4,). Cac
thong s6 niy vé ban chat 1a cac dic tinh cua dan
bay hoi. Cac dac tinh nay phu thudc vao vat
liéu va két cAu dan bay hoi. Viéc danh gia su

anh huong cua cac thong sd nay dén qua trinh
lam lanh khong khi 1a co s& dé tinh chon dan
bay hoi hop 1y khi thiét ké hé thong didu hoa
khong khi.

2.2. Xay dwng md hinh mé phéng bang phin
mém MATLAB Simulink

Trén co so cic phuong trinh tir (1) dén
(6), nhém tac gia tién hanh xay dyng mé hinh
mé phong bang phin mém MATLAB Simulink
v6i bo s6 liéu dau vao nhu trong Bang 1.

Bang 1. Bang ky hiéu va gia tri dau vao cua cdc thong s6 mo phong:

hi{l Giatri | Pon vi tinh Tén goi
p 1,2 (kg/m?) Khdi lwong riéng cta khong khi
I 0.12 (m¥/s) Luu luong gi\(’) qua dém' bay hoi di:éu hoa. Theo [7], luu luong gi6 qua
’ dan bay hoi trong khoang 0,150 + 0,120 (m?/s)
C. 1005 (J/kg"C) Nhiét dung riéng ctia khong khi di ra khoi cabin.
C. 1005 (J/kg’C) Nhiét dung riéng ctua khong khi tuoi.
C, 1005 (J/kg’C) Nhiét dung riéng cta khong khi trong cabin.
C. 1005 (J/kg’C) Nhiét dung riéng cua khong khi tai dan bay hoi.
C 1005 (J/kgC) Nhié¢t dung riéng cta kh()ng @i t?.i pl}ﬁn khong gian tiép xtic voi dan
P bay hoi c6 hoi nudc ngung tu.
T, 37 (°C) Nhiét d6 cua khong khi tuoi di vao cabin
T, (°C) Nhiét do hon hop khong khi trude khi di vao dan bay hoi
T, (°C) Nhiét do khoi khong khi tai vi tri hoi nude bit ddu ngung tu.
T, (°C) Nhiét do cua khong khi ra khoi dan bay hoi
. Nhi¢t d6 dan bay hoi. Khi may nén lam viéc, nhiét do dan bay hoi
R ) thay d6i 7, =0+10°C.
m_ 0,0001 (kg/s) Luu lugng khong khi tuoi di vao dan bay hoi
M 9 (kg) Khdi lwong khong khi trong cabin.
W (kg) D06 am khong khi trude khi di vao dan bay hoi.
W, (kg) Do 4m cua khong khi trong cabin
W (ke/ke) Do 4m tuyét‘déi c?a hgi nudc 0 trang tPéi r‘1gung Atu, i’l‘uqc tra theo
s duong d6 thi Moller, phu thudc vao nhiét @ T
v, 0,004 () Thé tich khéi khong khi tuongbirl;gh;/?i dién tich tiép xtic A, ctia dan
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v, 0.016 (m?) Theé tich khoi khong khi twong ing Vo di¢n tich ticp xuc A, cta dan
bay hoi
2 ’ 3\
U, 4 (Wm’K) Hé s truyén nhiét qua vach cabin. Theo [7], U, = 4(W/mK)
A, 30 (m?) Dién tich trao d6i nhiét cua vo cabin.
A 4263 (m?) Phan di¢n tich dan bay hO:l tiép xtic voi khong khi tai khu vuc hoi
! nudc chua ngung tu.
A, 0.53 (m?) Phan dién tich dan bay hoi t{ep xuc voi khong khi tai khu vuc hoi
nuoc ngung tu.
He¢ s truyén nhiét cta dan bay hoi turong tng véi phan dién tich tiép
o, (W/m?.°C) )
xac A,. Theo [7], o, =25+225(W /m”°C)
Heé s6 truyén nhiét cta dan bay hoi turong tng v6i phan dién tich tiép
o, (W/m2.°C) X
xuc A,. Theo [7], a, =17+65(W / m”°C)
L, 2450.10° (J/kg) Antanpy cua hoi nude
Q 400 (W) Nang sut btrc xa nhiét caa nguoi ngéi trong cabin tao ra. Theo [6], nhit
s lugng do 4 ngudi 16n ngdi trong xe toa ra vao khoang Q_ =400 (W)
Ning suét btrc xa mit troi truc tiép vao cabin. Theo [4],
s 810 (W)
0, ~810(W)
- 1100 (J/m?) Heé sb truyén nhiét cia quat gio.
[ R ED
Ta ol Nhiet do Tr "
Constant r . » Tr
l—r ™
> T To Workspace
Ts
™ Tm
Tw o T
Constantl oy wm |
- Wa Tm —
Wa e ]
> T -
Constant2 Cabin Scope Wr
Wr » » Wr
= Wm
To Workspace1
Evaporator

Hinh 2. M6 hinh mé phong qud trinh trao doi nhiét giita khong khi véi dan bay hoi
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3. KET QUA VA THAO LUAN

M6 phong duogce thuc hién trong khoang
thoi gian 500s bang phép giai Ode45, véi sai sd
tuong d6i khong vuot qua 10, nhom tac gia da
thu duoc mot s két qua nhu sau.

3.1. Khao sat qua trinh bién ddi nhiét do va

dd Am ctia khong khi trong cabin dong co

NHIET 0 CARIN DO AM TUYET DOICLUA KHONG KEE TRONG CADEY
0012,

o T
Do am Wi ikekg)
-

it do T (o)

5 il
% 100 200 3000 100 500 0 108 00 we a0 00
Thsi g His)

Hinh 3. Trang thai qua do cua khong khi trong
cabin ké tir khi bat diéu hoa cho dén khi xdc lap

ché do can bang

Hinh 3 1a két qua md phong qua trinh
bién d6i qua d6 cua nhiét do va do am tuyét d6i
cua khong khi trong cabin véi diéu kién nhiét
d6 dan lanh duoc duy tri 6n dinh T, - 5(°C).
Theo thoi gian bat diéu hoa, nhiét d6 va do am
tuyét ddi ctia khong khi trong cabin giam dan
vé trang thai 6n dinh T = 18,35°C va do am
tuyét déi W= 0,0015kg/kg. Qué trinh bién
dong dién ra lién tuc, trong giai doan dau, toc
d6 bién dong nhanh nhung sau d6 giam dan.
Két qua nghién ctru phu hop véi cac cong bd
khoa hoc truéc d6. Piéu nay cho thay tinh
khéach quan ciia m6 hinh mo phéng.

3.2. Anh hwéng ciia nhiét d dan bay hoi dén
qua trinh lam lanh

ANH HUDNG CUA NHIET DO DAN BAY HOI TO)

H NHIET ANH HUDNG CUA NHIET DO DAN BAY HO1 TOL
NHIET [0 KHONG KHI TRONG CABE “ABIN

a1
o DN A KCHIONG KHI TRONG ¢
x 10

i cabin WR{kgkg)
*\

Nhist do caban

N

Hinh 4. Anh hwong ciia nhiét dp dan bay hoi dén
nhiét dé va do am tuyét doi cua khéong khi trong
cabin

z 1 i
Mhiet do dan banls (o)

Hinh 4 cho thay sy anh huéng ciia nhiét
d6 dan bay hoi dén qué trinh lam lanh trong
diéu kién nhi¢t d6 moi truong T, = 37°C. Nhiét
d6 dan bay hoi diéu hoa thay doi trong khoang
tr T, =0+ 10°C. Két qua md phong cho théy,
nhiét d6 am dan bay hoi ting thi nhiét d6 va do
khong khi trong cabin ciing tang theo. Chénh 1¢ch
nhiét d§ khong khi trong cabin 1a AT, = 63 °C.
Nhiét d6 thip nhit ciia khong khi dat dugc 1a
T =18,35°C, bién d¢ dao dong nhiét ctia cabin
dong co.

3.3. Anh huéng ciia hé so truyén nhiét cia
dan bay hoi dén qua trinh 1am lanh

L
;_-5:- A‘:"g}éi = /74*/‘}";

x ¥
iy, e

Hinh 5. Anh hudng ciia hé sé truyén nhiét ciia
dan bay hoi déen nhiét do va do am tuyét doi
cua khong khi trong cabin

Hé sb truyén nhiét ctia dan bay hoi diéu
hoa phu thudc vao nhiéu yéu td, nhu: Vat lidu
lam dan bay hoi, két cdu dan bay hoi, tinh trang
bui ban va nudc bam trén bé mat dan bay hoi.
Theo [7], hé s truyén nhiét ctia dan bay hoi o,
=25+225W/m*°C va a, = 17 + 65KW/m*°C.
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Thuyc hién md phong v6i bo thong sé md phong
trong Bang 1 va nhi¢t do dan lanh T _- 5(°C).
Hinh 5 cho thiy su anh huéng cia hé sb truyén
nhiét cua dan bay hoi tdi trang thai 6n dinh cua
khong khi trong cabin. D& lam lanh dugc sau
thi hé s6 truyén nhiét cia dan lanh phai 16n. Khi
hé sb truyén nhi¢t nho, kha nang lam lanh cta
diéu hoa giam di dang ké.

4. KET LUAN

Két qua nghién ctru dd mo ta dugc
qua trinh bién dong cua nhiét do va do 4m cua
khong khi trong cabin ké tir khi bat diéu hoa
dén khi nhiét d6 va do am xac 1ap ché do can
bang. Két qua nghién ciru phit hop véi cac cong
bd khoa hoc trude do.

Thong qua khao sat dac tinh cua dan
bay hoi dén trang thai cin bang nhiét d6 va do
am cua khong khi trong cabin cho thy, dé 1am
lanh sau, nhiét d6 dan bay hoi phai xudng thap
va hé s6 truyén nhiét cao.

Két qua nghién ctru 13 co s cho tinh
toan thiét ké dan bay hoi. M6 hinh mé phong
trong nghién ctru c6 thé dugc sir dung dé phat
trién mo hinh diéu khién hé thong diéu hoa trén
Xe.

Loi cam on:

Nghién ctru ndy dugc tai tro boi dé tai
nghién ctru cép Truong Pai hoc M9 - Dia chit,
trong khuon kho dé tai cip co so ma s6 T22-09.
Nhom tac gid xin cam on Truong Dai hoc Mo -
Dia chat d3 hd tro thoi gian, phuong tién va co
s& vét chat cho nghién ctru nay. %
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