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Tém tit. Hoat dong cta nén kinh té tiéu thy phan 16n nhién liéu hoa thach, trong d6 nganh giao thong van
tai chiém 22% luong nhién liéu nay. Khi thai ctia cac phuong tién giao théng, dic biét 1a luong 6t6 ngay
cang tang manh 6 Viét Nam s€ lam tang nhanh 6 nhiém khong khi. Day cting 1a nguyén nhan géy nén qua
trinh bién d6i khi hau ngay cang tram trong. Dé gop phan tiét kiém tiéu thy nhién lidu cua dong co 0tod,
chung t61 da khao sat ngu6n nhiét nang tur khi thai cua 6t6 dé cung cap cho may lanh hép phu rdi lién két
ngudn lanh nay véi diéu hoa khong khi trong 6t6. Bai bao nay gidi thiéu qua trinh do.

Tir khéa. May lanh hip phu, diéu hoa khong khi trong 6t, tiét kiém ning lugng, tin dung khi thai, nhiét
thai.

ADSORPTION AIR CONDITIONER USING WASTE HEAT OF INTERNAL
COMBUSTION ENGINE FOR FOR CAR AIR CONDITIONING

Abstract. In order to save the fuel consumption of car engines and reduce environmental pollution, the heat
source from the exhaust gas of the car is utilized to supply heat the adsorption cooling system for air
conditioning purpose in the car cabin. This article is carried out in a two-part study. The first part is that
survey waste heat from car engines which could supply heat for adsorption air conditioner with suitable
working pair. In second part, the thermodynamic processes of adsorption cooling cycle for car air
conditioning and simple calculation are discussed in this article.

Keywords. The adsorption air conditioner, air conditioner of cars, saving energy, make use of waste gas
and waste heat.

1 GIOI THIEU

Theo bai “O td, xe may gay 6 nhiém khong khi nghiém trong” trén cong thong tin dién tir ciia bo giao thong
van tai (mt.gov.vn) nodi vé 6 nhiém méi truong do khi thai caa 6 t6 [1] thi giao thdng van tai 1a mot trong
nhitng hoat dong chu yéu phat thai khi nha kinh (tic nhan gay nén sy ndng 1&n toan cau), 16n thi 3 sau
nganh ning lwong va ndng nghiép, chiém 18,38% tong lwong khi nha kinh thai vao bau khi quyén hang
nam. Trong giai doan 2011- 2016, cac hoat dong giao thdng van tai ¢ Viét Nam tiéu thu mét luong 16n
ndng luong, chiém 30% tong nhu cau nang lugng quéc gia, 60% tong nhién ligu tiéu thu va ting 10% mdi
nam.. Voi xu hudng sO luong phuong tién giao thong gia tang manh mé qua cac nam, ngudn dong gop dang
ké gay 6 nhiém L khong khi, dan dén bién d6i khi hau ngay cang trim trong. Cong viée nghién ciru tin dung
nhiét thai dé tiét kiém nang luong nham gop phan giam luong khi thai giy hiéu tmg nha kinh dang dwoc
day manh.

Heé thong didu hoa trén xe 6 t6 1 can thiét nham bao dam tién nghi thoai mai cho ngudi ngdi trén xe nhung
hé thong diéu hoa nay tiéu thu ning luong dang ké. Nghién ctru cta Barrault va cac cong su [2] chi ra ring,
ning lugng tiéu tén cho didu hoa khong khi chiém tir 2,3 dén 11,2 % tong niang lugng tiéu thu. Gan 70%
nang luong so cap tir nhién lidu dugc giai phong trong dong co ddt trong dugc phat tin qua nudc lam mat
dong co va khi thai dudi dang nhiét thai [2], [3]. Do vdy, ngoai viéc hoan thién cac qué trinh chuyén héa
nhiét niang do d6t chay nhién lidu trong dong co thanh co ning va dién ning, viéc sir dung nhiét thai cap
cho méy lanh hap phu dé diéu hoa khong khi ciing dang duoc quan tim nghién ciru. Bai viét nay s& mo ta
nguyén 1y hoat dong ctia may lanh hap phu va dé xuit lua chon két ciu cua nd phuc vu cho diéu hoa khong
khi trong 6 to.

2 CONG NGHE HIEN TAI q
Trén co s nhiét dong hoc ky thuat, qua trinh chuyén héa nhiét nang khong nhitng thanh cong co hoc ma
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con thyc hién qua trinh 1am lanh va diéu hoa khdng khi duoc biéu dién trén so d6 hinh 1 dudi day.

‘ Céc thiét bi nhiét ning hién tai J

|
Thiét bi Qui trinh bién @6i nhiét
trao doi nhiét thanh cong co hoc
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Hinh 1: Cac phuong phép bién hoa nang luong. (Ghi chi: Cac 6 c¢6 ddu * chi méi & dang so khai, dang thir
nghiém) [4]
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Trén hinh 1, phia bén phai thé hién qua trinh bién ddi nhiét ning thanh cong co hoc, con phia bén trai 1a
céc thiét bi chuyén hoa nhiét nang dé lam lanh va diéu hoa khong khi. Poi v6i cac thiét bi trao d6i nhiét
chuyén héa nhiét ning, c6 2 hé tuan hoan ho va tudn hoan kin. O day, tim hiéu theo huéng dung nhiét ning
dé van hanh qua trinh 1am lanh trong hé théng tuan hoan kin nhd chat hap thu ¢ thé 1ong hodc chat hap phu
& thé ran.
2.1 Qua trinh 1am lanh céia may lanh hip thu
Phuong phép 1am lanh va diéu hoa khong khi bang nhiét ning so voi 1am lanh théng thuong st dung méay
nén chay bﬁng dong co dién c6 mot vai khac big¢t. Mot bén 1a sir dung may nén dé lam dong luc cho moi
chat lanh luu dong tuan hoan. Trong qué trinh luu dong, mdi chét lanh thay dbi trang thai ciia n6 rdi hoa
hoi & 4p sudt nhit dinh, tai d6 nhiét d6 hoa hoi twong tmg vé6i ap sudt hoa hoi. C6 thé so sanh sy khac nhau
giita hai loai may lanh qua mé ta & hinh 2. O day, bén trai 1a may lanh dung dién ning dé van hanh may
lanh may nén théng thuong va bén phai 1a may lanh hap thu. Nhu vy, may lanh hap thu chu yéu dung nhiét
ning dé van hanh qua trinh 1am lanh, n6 c6 vai tro nhu may nén trong qua trinh lam lanh.

May lanh dung may nén May lanh hap thy
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Hinh 2: So d6 dién ta sy khac nhau gitra 2 phuong phéap 1am lanh [4]
Cong nghé 1am lanh sir dung nhiét ning tai tao lam viéc trén nguyén 1y ciia may lanh hap thu (d6i v6i chat
hap thu 16ng) hodc hap phu (d6i v6i chat hap phu rén). So d6 qua trinh lvu dong co ban ctia méay lam lanh
hép thu mot c?ip duoc thé hién trong hinh 3.
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(Thap lam mat)
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. Hinh 3: So dd may lanh hép thu 1 cép [4] . .
Trong qué trinh tuan hoan cua dung dich hap thy, nong d¢ dung dich thay doéi vdi hai dai nong d6: dung
dich loang tuwong ung vdi nong d6 moi chat lanh thap va dung dich dac twong ting véi nong do méi chat

lanh cao.
Nhu vay, s€ ton tai hai cyc di€m la diém c6 nong

d6 cao nhat va tha"ip nhét. Hién tai c6 2 cap moi chét duoc

sir dung rong rdi. Cap thtr nhat 1a LiBr/H20, trong d6 LiBr 1a dung dich hap thu, H20 1a méi chat lanh. Khi
sir dung cap LiBr/H20, d6 lanh sau nhét chi dat ti da chi gan 0°C. Cap thir 2 1a NHs/ H,0, trong d6 NH3 la
mdi chat lanh, H,O 1a dung dich hap thy. Véi NHz 1a méi chét lanh thi nhiét d¢ 1am lanh c6 thé dat toi nhiét
d6 am (- 60°C). Hinh 4 1a so d6 khi ctia may lanh hap thu.
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) Hinh 4: So d6 khi ctia méy lanh hap thu [5] )
Nhu vay, may lanh hap thu c¢6 nhiing thanh phan nhu sau: buong hoa hoi; binh hap thy; bom dung dich
binh sinh hoi; van tiét Ivu dung dich va méi chat lanh va cuoi cung la binh ngung tu.

© 2021 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh

2



MAY LANH HAP PHU SU DUNG NHIET THAI CUA PONG CO POT TRONG 127
DE PIEU HOA KHONG KHI TRONG O TO

Khi nhiét ning cép cho binh sinh hoi, hoi cia moi chat lanh bay ra tr dung dich 10i qua binh  ngung tu. Tai
d6, hoi dugc 1am mét rdi ngung ty thanh 1ong, né tiép tuc qua van tiét luu, hoa hoi trong buong lanh. T1ep
theo, hoi méi chét lanh d6 dugc dung dich loang trong binh hap thu, hap thu vao dan dén nong d6 moi chét
lanh trong binh sinh hoi s& giam dan va trong binh hap thu s& ting dan. Dung dich lodng trong binh sinh
hoi s& qua van tiét luu tré vé binh hép thu va dung dich dac trong binh hép thu s& dugc bom dung dich dua
vao binh sinh hoi. Sy luu dong ctia hoi méi chat lanh do chénh léch ap suét giita binh sinh hoi va budng
hoa hoi. Va tir budng hoa hoi t6i binh hap thu do ap luc cia cip mdi chat. Duy chi ¢6 bom dung dich 1a
phﬁn dong st dung nguén dién, cac bo phan con lai do nguén nhiét cung cép nén ludn tinh tai, khong gy
tiéng on do hoat dong ctia may nén.

2.2 Qua trinh 1am lanh ctia may lanh hép phu

Mot may lanh hép phu don gian bao gém binh hoéa hoi, binh hép phu va binh ngung tu nhu mo ta trén

hinh 5.
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Hinh 5: Hoat dong ctia mot may lanh hip phu [6]
Qua trinh hap thu hay hap phu déu duoc thyc hién theo nguyén 1y nhiét dong hoc nhu sau: Nhiét d6 va ap
suét chat hﬁp phu va chét duoc hép phu 1a 2 thong $6 trang thai phu thudc, nghia la voi mét gia tri cua nhiét
d6 thi tuong ng v4i mot ap suét va nguoc lai. Co thé coi bo phéan hép phu, mot trong ba by phén cia may
lanh hap phu 13 “méay nén nhiét”. Qua qua trinh cip/thai nhiét cho bd phan hip phu 1a qua trinh trao ddi
nang luong can thiét dé moi chat lanh luu dong. Nhu vay may lanh hap phu s& khong sir dung bom dung
dich nhu trong may lanh hip thu.
Nguyén 1y 1am lanh ctia may lanh hap phu ciing tuong ty nhu trong may lanh hap thy, nhung véi chét hap
phu khong phai ¢ dang dung dich ma la mgt chat ran, x6p c6 vo s6 16 hong nho li ti nén dién tich bé mit
clia n6 tiép xuc v6i hoi clia moi chat lanh rat 16n.
Phan bén trai hinh 5, m6 ta qua trinh hip phu. Qua trinh d6 dugc tién hanh nhu sau: Sau khi méi chit lanh
hoa hoi, 1am lanh trong bd phan hoa hoi thi van A mo, chat hap phu hat hoi méi chat lanh (nudc) vao né.
Nhiét sinh ra trong qué trinh hip phu s& duoc thai ra ngoai méi truong théng qua b trao d6i nhiét. Trong
qué trinh hap phy thi van B déng, van A mé (phia trai hinh 5).
Khi chét hép phu di no, nghia 14 hoi ciia mdi chét lanh da chiém hét cac 16 hong ciia chat hap phy thi hoi
d6 can phai dugc dua ra ngoai chat hap phu d6, qua trinh nay dugc goi la giai hap phy hay con goi la tai
sinh chat hap phy. Trén hinh 5, phia bén phai mé ta qua trinh giai hap phuy. Khi d6, van A dong dong thoi
nhiét luong tir bén ngoai dugc cip vao lam cho hoi méi chét lanh thoat ra, qua van B rdi ngung tu thanh
long trong binh ngung. Mbi chét lanh trong binh ngung vdi p suit cao s& qua van tiét luu giam ap roi hoa
hoi, két thic 1 chu ky lam lam lanh. Chu ky d6 duoc 1dp lai lién tuc. Nhu vy qua trinh hép phu va giai hap
phu duoc tién hanh luan phién nhau trong mady lanh hap phu.
bé may lanh hap phu hoat dong lién tyc, can phai két hop 2 qué trinh hap phu va giai hap phu ludn thuce
hién dong thoi. Hinh 6 12 so d6 ciia mot may lanh hap phu hoat dong lién tuc. Hap phu va giai hip phu duoc
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tién hanh & 2 budng riéng biét, khi buong nay lam nhiém vu hap phu thi budng kia tién hanh giai hép phu
ddng thoi. Do 14, trong khi hoi méi chit lanh dugc hut vao day chat hap phu th1 nhiét ning cap vao & nhiét
d6 cao dua vao budng giai hip phu ddy méi chit lanh ra khoi chat hip phu roi ngung tu & binh ngung dé
qua van tiét luu va hoa hoi, 1am lanh. Cac qué trinh nay dugc luan phién lién tuc.

| NGUNG TY

Van diéu khién
Chat lam mat

GIAIHAP PHU
Nhiét cdp vao

HAP PHU L ]

Chéatlam mat —p.

B6 trao doi nhiét

B6 trao dbi nhiét

Van diéu khién

M&i chat lanh

San pham duoc
lam lanh

[ HOA HOI |

Hinh 6: So d0 ciia may lanh hap phu lién tuc [7]
Nhu vdy, chu trinh [am viéc cia mdy lanh hép phu lién tyc la:
- Nhiét ning cap cho chét hip phu, diy hoi moi chat lanh vao binh ngung tu.
- Hoi méi chit lanh ngung tu, nhiét ngung tu duoc thai ra ngoai qua b trao d6i nhiét.
- Moi chit lanh tir binh ngung tu qua tiét lvu vao binh hoa hoi, tré thanh dang hoi & ap suat thap, tuong tng
nhiét d6 thap.
- Hoi méi chét lanh trong binh hoa hoi lai dugc hut vao chat hdp phu, nhiét do hap phu sinh ra s& dugc thai
ra ngoai qua bo trao d6i nhiét. )
3 NHIET THAI CUA PONG CO POT TRONG
Trén co sé phan tich ngudn ning luong cung cp cho dong co dbt trong, chung ta s& danh gia nhiét thai ra
clia dong co véi céc tai trong khac nhau. Nhién liéu cap cho dong co s& duoc biéu dién thong qua hiéu suat
hiéu dung. Hinh 7 biéu dién quan hé giita hiéu suét hiéu dung nm va vén tdc trung binh cia piston vk cho
dong co Diezel va Otto.
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i Mo
<
2 : o i
3 VL vL ‘bay tal
<@ .
T 20 TL : Non tai
TL
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Van téc trung binh cta Piston vk (%)
Hinh 7: Quan hé gitra hiéu suat cua dong co Diezel va Otto vGi véan toc trung binh ciia piston [8]

Quan hé giita van tdc trung binh vi V('ri va hanh trinh cta piston L dugc biéu dién theo phwong trinh sau:
=2n.L, 1)

Pho ctia higu suat co hiéu dung Nm bién d01 theo tai trong ctia 6t0. Xe day tai co hiéu suat 16n hon xe non

tai. Quan hé giita hiéu suit nay véi cong suit co hoc cia dong co P duoc biéu didn nhu sau:
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Mo = — )
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Trong d6 m,, 1a luu lugng nhién li¢u cap cho dong co, Hi 1a nhiét tri thap cta nhién liéu.
Nghién ctru cta Pischinger va cong su [8] da thiét lap biéu dd trén hinh 7, biéu thi quan hé gitra hiéu suat
dong co voi van téc chuyén .dong cua piston. Tur biéu dd, chung ta nhan thy rang, ddng co Diezel c6 hi¢u
sut 16n hon dong co Otto. O van tdc piston tdi wu, hiéu sut ciia dong co Diezel nam trong khoang tir 34%
dén 38%, nhung dbi v6i dong co Otto chi trong khoang 25% dén 30%.

Pé xac dinh nhiét thai cua dong co 6t6, chung ta s& can béng nang lugng khi dong co hoat dong on

dinh. Goi enthalpy ctia nhién li¢u dua vao la |'nI , cua khong khi la |‘kk , nang lugng sinh ra cia dong co la
cong co hoc Pm, enthalpy cua khoi thai la |'kt va cac dang nang lwong khac nhu ma sat khi piston chuyén
dong, nhiét sinh ra do ddt chay nhién li¢u, nhi¢t lam mat cho dong co la Qt . Phuong trinh can bﬁng nang
lugng s€ la:

I, +1, =P +1,+Q, @)
O mdi cong co hoc P, thi ap suat san pham chay trong xy lanh la px. Nhu vay pw cing la dai luong dac

trung cho cong co hoc Pm. Dbi voi dong co 4 ky c¢6 dung tich xy lanh Vi, sb vong quay cta dong co n thi
cong co hoc Py dugc xac dinh theo cong thire sau:

V,.p.Nn
p — "M« 4
m > (4)

Két qua nghién ciru cua Pischinger [8] vé nhiét ning thai loai cua dong co dt trong di dugc xéac 14p trén
bi€u do hinh 8.

60

Dong nhiét [%/1a]
3
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a) Ap suat khi trong xy lanh pi [bar]  b) Ap suét khitrong xy lanh pi [bar] ¢) S& vong quay n [1000/min]
Hinh 8: Biéu d biéu dlen quan h¢ gitra dong nhiét do nhién liéu cép cho dong co Diezel (a), dong co Otto (b) phu
thudc vao ap suét khi trong xy lanh pk va véi s6 vong quay n ciia dong co Otto khi ddy tai (c) [8].
Theo biéu d6 hinh 8 thi nhiét lwong thai ctia 2 loai dong co 1a:
- Nhiét luong thoat ra tir khoi thail,, — I, ,
- Nhiét lugng thoat ra tir qua trinh lam mat dong co Qt .

Nhiét lugng thai nay chiém ty 1& rat 1on theo biéu dd biéu dién quan hé giita dong nhiét ciia dong co dbt
trong, cu thé nhu sau:
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Bang 1: Ty 1¢ nhiét thai theo biéu d6 hinh 9
Nhiét vgng thoat ra tir khoi thai Nhiét lugng thoat ra tir qua trinh
bong co [ [ R o oaA '
w — i lam mat dong co Q,

Dong co Diezel (a) Khoédng 30% Khoang 35%
Dong co Otto (b) Khoédng 50% Khoang 25%
Dong co Otto khi day tai (c) Khoédng 50% Khoang 20%

bé tan dung 2 nguén nhiét thai d6 cho may lanh hap phu ching ta s€ lap dat bo thu nhiét thai, d6 1a thiét bi
trao doi nhiét tai cac vi tri thich hop.

3.1 Ngudn nhiét tir khi thai

Cac loai 6t6 hién tai phai bao dam tiéu chuan khi thai Euro 4. Theo d6, dbi véi ddng co Otto phai c6 b loc
Katalysator 3 ngd, con véi dong co Diezel thi Katalysator phai c6 chat xtic tac oxy hoa va b loc mudi
(DPF). Nhiét d6 khi thai sau bd loc mudi luén 16n hon 500°C [8]. Bo thu nhiét thai ngoai viéc cung cép
nhiét cho may lanh hdp phu ma con 1am giam birc xa va han ché nhiét thai ra moi truong. So d6 bd tri bo
thu nhiét thai tir khi thai ctia dong co 6t6 dugc biéu dién trén hinh 9.

BO thu
nhiét thai
Otto- :
Katalysator =+ BO gidm thanh |me—s
Motor ysator ’8
et — syt || ope o ]

Hinh 9: So d0 b6 tri bo thu nhiét trén duong khi thai ciia dong co Otto va Diezel.

Lukas Enke [9] d4 tién hanh do nhiét d6 khi thai cua QOng co Otto, nhié:[ d6 sau van :[héi co 19'/ hiéu la ty va
sau Katalysator véi ky hiég la that. Nhiét do tai cac di€ém do nay thay doi theo van toc chuyén dong cia xe
[10]. Quan h¢ nay dugc biéu dién trén hinh 10.
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Hinh 10: Quan h¢ gitra van tdc cua xe co dong co Otto vdi nhiét d§ khoi thai sau van thai ti: va nhiét do khoi thai
sau katalytor.
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Trén hinh 11, biéu d6 biéu thi quan hé giita van toc va nhiét d6 khoi thai cho thdy,twong timg véi van tdc tir
30 - 160 km/h, nhiét d6 khi thai ts c6 gid tri trong pham vi tir 500°C dén hon 820°C. Do d6, nhiét do trung
binh cua khi thai tka khoang 624°C. Nhu vy, nhiét d khi thai tka tai vi tri dat bg thu nhiét c6 ngudn nhiét
tiém nang co6 thé cung cap lugng nhiét can thiét cho hoat dong ctia may lanh hip phu.

3.2 Nhiét thai tir lam mat cho dong co

Céc dong co ddt trong déu phai co hé théng 1am mat hoan chinh. D¢ 12 thiét thiét bi trao ddi nhiét c6 nhiém
vu thu nhan nhiét tir xylanh ctia dong co va thu nhiét cia hdp banh rang qua luu dong tuan hoan cta chat
1am mat (thuong 1a nuéc) dé tai nhiét ra moi truong. So do b tri thiét bi trao d6i nhiét dé lam mat dong co

duoc biéu dién trén hinh 11.
bong co

4//

; — Thermostat

____________________________

Lam mat may

Quat

Két nudc

Bom nudc
lam mat

Lam mét bang
&~ khéng khi

Hinh 11: So dd thiét bi 1am mat dong co

Trén so do c6 2 vong tuan hoan ciia nudc, d6 14 vong 1am mat may va vong 1am mat hop banh rang. Khi
dong co khoi dong, vong tuan hoan 1am mat banh ring s& mang nhiét ciia dong co dén ham néng hop banh
rang dén nhiét do can thiét cho diu boi tron hoat dong c6 hiéu qua. Khi nhiét do ham nong dat dén gia tri
can thiét thi thermostat s& diéu khién dé nudc lam mat dong co (theo duong gach ngat quang) qua két nudc
r0i thai nhiét ra ngoai. Thermostat con dam nhiém diéu khién luu luong cua bom dé duy tri nudc lam mat
& trong khoang 80°C dén 100°C. Trén so dd con c6 dudng chdm chim 1a mot vong tuan hoan khong khi,
dugc tich hop cho nhitng dong co ¢6 ty s nén 16n nhim nang cao hiéu qua lam mat dong co. Nhu vay,
nhiét d6 1am mat dong co thai ra méi truong kha thap nén hau nhu khéng duge tan dung cho may lanh hap
phu.
3.3 Deé xuit phuong an lip dit may lanh hip phu cho 6 to
Trong méy lanh hap phu, chu trinh hoat dng cua cdp moi chat 1a ddc trung co ban cta thiét bi 1am lanh
nay. Bang 1 néu mét s6 thong s6 va dic tinh ciia mot vai moi chat lanh thudng dung ¢ nhiét do hoa hoi &
5°C. Bé bao dam an toan cho hanh khach, méi chit phai c6 nhiét hoa hoi 16n va khong an mon kim loai thi
nude 1a moi chat phu hop nhét. Chéat hap phu phu hop véi nudce 1a LithiumBromit (LiBr). Nhung chit nay
s& gy dn mon cho thiét bi trao doi nhiét. Nghién ciru cia Chwarz va Gentner chi ra rang, chat hap phu ran
Zeolith hodc Silikagel 1 thich hop véi méi chat lanh 1a nude [11], [12].

Béang 2: Thong s6 nhiét vat 1y cua vai mo chét lanh & nhiét do hoa hoi 5°C

Moi chat Po [bar] po [kg/md] Aip [kJ/kg] Dic tinh
Ammoniak 5.157 4.115 1610 Doc, c6 thé chay
Methanol 0.055 0.078 1043 DPoc, dé chay
Ethanol 0.023 0.046 1151 Dé chay
Nude 0.009 0.007 2510

Nhu trong phan 2 dé gi6i thiéu chu trinh hoat dong ciia may lanh hap phuy, dé bao dam may lanh hoat dong
lién tyc chung t61 lya chon may lanh 2 budng nhu dugc bicu dién trén hinh 12.

Theo so d6 méy lanh hap phu (a), may lanh hap phu 2 budng c6 budng bén phai 1a budng hap phy, con
budng bén tréi 1a buong giai hip phu va c6 nguyén 1y hoat dong nhu sau:

* Xét vé phia méi cht lanh va chat hap phuy:
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Sau khi méi chét lanh (nuéc) hoa hoi dang ap, hoi moi chat ap suat thip va nhiét do thép dén buéng hép
phu (buong bén phéi hinh (a)), van du¢i mo, van trén dong, hoi dugc chat hap phu 2 hip phu dang tich.
Qué trinh hép phy két thic khi chat hip phu da tro thanh chat hdp phu bdo hoa (no) & ap suét thp ¢ diém
1. Nhiét sinh ra trong qua trinh hap phu & buong hap phu s€ dugc nha nhiét cho moi truong giai nhiét 1a
khong khi. Sau qua trinh hap phu, ca 2 van & budng hap phu déu dong va chat hap phu ¢ trang thai do dugce
ham néng cho dén ap suit ngung tu tai diém 2. Trong qua trinh ham no6ng, nhiét do va ap sudt ctia chat hap
phu di bio hoa d6 ting 1én, moi chat (nudc) trong chat hap phu bay hoi ra khoi chat hap phu. Nhu vay, két
thdc qua trinh 1-2 1a dén qua trinh giai hép phu.

Khi chat hip phu 1 d4 no & budng giai hap phu (buong bén trai hinh (a)) dugc cap nhiét tir khi thai (duong
mau do) thyc hién qua trinh nhén nhiét dang ap giai hip phu lam cho hoi méi chat lanh thoat ra khoi chat
hép phu & ap suat cao. Tai thoi diém nay, van dudi dong, van trén mo, hoi moi chét lanh di vao bo phan
ngung tu. Tai dan ngung, hoi moi chat nha nhiét dang ap cho moi truong gidi nhiét ngung tu thanh long
bdo hoa & 4p suét cao. Qua trinh ngung tu két thuc tai diém 3. M6i chat lanh sau khi ngung tu s& di theo
duong mau xanh qua tiét luu tiét luu dang entanpy thanh méi chat lanh & ap suat thap va nhiét d6 thap diém
4. Sau d6 di qua buong hoa hoi, moi chit nhan nhiét dang ap tir moi truong can lam lanh va hoa hoi thanh
hoi méi chét lanh ap suét thdp va nhiét do thap. Khép kin chu trinh va chu trinh cir thé tiép dién.a chu trinh
ctr thé tiép dién.

Con phia chat hap phuy, sau khi hoi mdi chat thoét ra khoi chat hap phu, chat hip phu thanh chua bao hoa
(chua no) & ap suét cao diém 5 duoc khong khi méi trudng giai nhiét 1am giam nhiét do va ap suit thanh
chat hap phu chua bio hoa (chua no) & ap sut thip ¢ diém 6. Sau d6, chit hip phu tiép tuc duoc ha nhiét
d6 do qua trinh hap phu dang dp hoi méi chét lanh dat trang thai bio hoa (no) ¢ nhiét do thap. Va chu trinh
ctr thé tiép dién.

a) b)
| Bo thu nhiet thai | B0 thu nhigt thai
Khéi thi \_NW\_ 5) Khithéi | AN
l l : I Cacbo phan1,2,3,4 l l I

& ctia may lanh hap phy
.V 1

b [ :»: |
( 7 \ . v
— MW L AMWAL
(1) Bubng ngung tu 2) Chithdp phu1 3) Chithdp phy 2 (4) Budng hoa hai
5)Bothunhiétctakhdithdi (6] Quat (7) Danlanh d3ttrong 616 (8 BY phan lam mét
9) Van didu chinh 10) Van diéu khién 11) Thiét bi tiét lwu

Hinh 12: So d6 may lanh hap phu 2’bu(‘3ng )
(2) (b) Chu trinh hoat dong cua mdy lanh hap phu trong d6 hai budng hap phu va giai hap phu lam viéc luan phién
— Hap phu (Puong mau vang), — Giai hap phy (Duong mau do).

* Xét vé phia khi thai: (duong mau do)
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Khi thai trong bd thu nhiét s& qua van diéu chinh di dén budng giai hdp phu nha nhiét cho chat hip phu 1
lam cho hoi méi chat thoat ra khoi chat hap phu. Sau khi nha nhiét, khi thai qua van diéu chinh roi dugc
quat hat vé bo thu nhiét tiép tuc nhan nhiét. Khép kin chu trinh va chu trinh ctr thé tiép dién.

* X6t vé phia khong khi giai nhiét cho qua trinh hép phu va budng ngung tu: (duong mau vang)

Qua trinh hap phu s& téa nhiét. Nhiét luong hap phu sinh ra s& dugc khong khi qua quat tai ra ngoai. Sau
d6, khong khi lai qua van diéu chinh di dén budng ngung. tu Tai day, khong khi nhan nhiét 1am mat hoi
mai chat rdi quay vé bo phan 1am mat, nha nhiét ra moi truong xung quanh. Va qua trinh cr thé tiép dién.
So dd may lanh hép phu (b), may lanh hép phu 2 buong c¢6 nguyén 1y hoat dong nguoc lai, budng bén phai
1a budng giai hap phuy, con budng bén trai 1a budng hap phu.

Theo nghién ctru ctia Amir Sharafifian, Majid Bahrami [13], Li Zhi Zhang va Ling Wang 31, biéu dién
duoc chu trinh ly tudng cua may lanh hap phu trén biéu d6 p-T theo duong dang tich va dang ap, c6 cac
nhiét d6 va ap suit nhu sau:

Qeond Qi
| J

10

@ P st @ p=rorst §| §

6
A—— : i 3
Chu trinh Chu trinh »
R Qun Qic 5
chat lam lanh chat hap phu &
2
| 7

p = const p = const
§ < —3 1
Qevap Qiba

20 4 60 80 100 120 140 160 180 200 20 240 260 280 300
Nhiét dg, °c
Hinh 13: Chu trinh 1y tuong ctia may lanh hap phu trén biéu do p-T theo dudng dang tich va dang ap [13],[3]
Trong do:
Trang thai clia cac diém dic trung trén chu trinh ciia may lanh hép phu:

+ Piém 1: Chit hip phu & trang thai bio hoa (no), nude 14p day cac 16 hong cua chat hip phu.

+ Diém 2: Hoi nudc thoat ra khoi chat hip phu & ap suat cao, nhiét do cao;

+ Piém 3: Mbi chét lanh (nudc) sau ngung tu 6 the long & ap suat cao va nhiét do cao.

+ Diém 4: Mbi chét lanh (nudc) & thé long qua tiét luu di vao budng hoa hoi & ap suét thip;

+ Piém 5: Chit hap phu khoéng no & ap suat cao, nhiét d cao;

+ Piém 6: Chat hap phu khong no & ap suat thap va nhiét do thap

Céc qua trinh trong chu trinh la:

- Qua trinh 1 - 2: Tai diém 1, chat hdp phu dd dugc moi chit lanh (nude) 1ap diy cac 16 hong cua chat
hap phu, hay no6i cach khéc 1a chat hap phy da bio hoa (no), sé nhan nhiét Qin dang
tich 1am tang nhiét 6 va ap suat hoi moi chat.

- Qua trinh 2 - 3: Qua trinh ngung tu déng ap, hoi mdi chit lanh chuyén pha sang pha 16ng & ap suit
cao.

- Qué trinh 3 - 4: Qua trinh tiét luu ding entanpy, tiét lru moi chat lanh & thé long dua vao budng
lanh. Qua trinh nay tuong tmg voi dudng cong biéu dién trang thai hoi bdo hoa cua
nude. Trén duong nay, diém 3 tng véi trang thai long bio hoa, diém 4 1a hoi bio
hoa 4m.
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- Qua trinh 4 - 1: Qua trinh hoa hoi ding 4p, moi chat lanh chuyén sang pha hoi & ap sut thap, lam

lanh & budng lanh.

- Qua trinh 2 - 5: Qué trinh nhan nhiét dang ap dé giai hap phuy, tai sinh chat hap phuy.

- Qua trinh 5 - 6: Qua trinh nha nhiét dang tich lam mat chat hap phy, 1a budc dau chuan bi cho qua

trinh hap phu ciia may lanh.

- Quatrinh 6 - 1: Qua4 trinh hép phu déng ap, chét héip phu hép phu hoi moi chét lanh dat trang thai

bdo hoa (no), nhiét hap phu Q dugc tai ra ngoai.
Thong s cua cac diém dic trung va nhiét luong trén chu trinh cta may lanh hép phuy:

+ Ty : Nhiét do chat hap phu bao hoa (no) tai buong hap phu 6 ap suat thip, °C

+ T, : Nhiét d chat hip phu bio hoa (no) tai budng hip phu & ap suit cao, °C

+ T3 : Nhiét do ngung tu & budng ngung ty, °C

-FT4{Nhﬁtdébayhoi6bu6ngbayh0L°C

+ Ts : Nhiét do chat hip phu ¢ budng giai hap phuy, °C

+ Qevap : Nhiét lwvong méi chat lanh nhan duoc & thiét bi bay hoi, °C

+ Qcond : Nhiét lugng moi chét lanh thdi ra & thiét bi ngung tu, °C

+ Qin (isosteric heating) : Nhiét lvong nhin dugc & budng hap phu trong qua trinh cip nhiét ddng tich
dé bt dau qua trinh giai hap phy, kJ

+ Qi (Isosbaric desorption heat) : Nhiét lugng nhan duoc & budng hap phu trong qua trinh cap nhiét
ddng ap dé giai hap phuy, kJ

+ Qneat (Heating) : Nhiét luong duoc cép tir khi thai cua xe Otto & budng giai hap phy, kJ

Qheat th + led (5)

+ Qic (ISOSterIC cooling) : Nhiét luong thai ra & budng giai hap phu trong qua trinh tai nhiét dang tich
dé bat ddu qua trinh hap phu, kJ

+ Qipa (isosbaric adsorption) : Nhiét lugng thai ra ¢ budng giai hip phu trong qua trinh tai nhiét déng
ap dé hap phu, kJ

+ Qcoot (Cooling heat) : Nhiét lugng tai ra & budng hip phu, kJ

Qcool = Qic + Qiba (6)
3. 4 Lua chon phuong thire tinh toan
Qua nhitng mo ta trén day, ching ta nhén thdy rang, nhidu nhan t6 anh huéng dén hoat dong cia  may
lanh hip phu st dung nhiét thai cua dong co 6 t6 do la:

- Van toc ctia 6 to ludn thay ddi, kéo theo thay doi tai trong cua dong co va lam thay ddi lwong
nhiét cip cho may lanh.

- Heé s trao d6i nhiét giita moi chat lanh va chat hap phu thay dbi theo ty 1é giita khéi lugng moi
chat trong chat hép phu va khéi luong chat hép phu. Ty 18 nay thay d6i lién tuc trong qua trinh
hap phu va giai hip phu lam cho luong nhiét cap cho hoat dong cua may lanh s& khong 6n dinh.

- Su déng va mé cac van diéu khién trong ca 2 budng gy nén ton tht ap sut, anh huéng dén hoat
d6ng cia may lanh. Thém vao dé, thoi gian dong va md cac van 1am thay ddi thoi gian hoat dong
ctia chu ky hap phu va giai hap phu, dan dén qua trinh truyén nhiét va truyén khéi trong may lanh
khong 6n dinh.

Qué trinh tinh todn cho may lanh hap phu trong truong hop nay can phai dua ra nhiéu gia thiét don gian
hoéa cac nhén t6 anh huéng dén hoat dong ciia may. Mot vai tac gia nhu Andreas Gassel, [7], Syed Muztuza
Ali, Anutosh Chakraborty [14] da st dung chuong trinh TRNSY'S, [15] B. Shi, A. Elsayed [23] st dung
CFD dé tinh nhung Kkét qua ciing sai 1éch so vdi do dac thuc té.

Trong khudn khé bai nay, chiing t6i trinh bay tinh toan dinh hudéng dua trén chu trinh 1y tudong ctia Amir
Sharafifian, Majid Bahrami [13], Li Zhi Zhang va Ling Wang [3] dugc thé hién trén hinh 13.

bé danh gia hi€u qua cia chu trinh ha‘ip phu, hé s6 1am lanh COP duoc tinh theo cong thirc sau:

copzﬂ, (7)

heat
Trong qué trinh hép phu, nhiét lugng nhén dugc dugc tinh bang ‘géng nhiét lugng nhan dugc ¢ budng hép
phu trong qua trinh cap nhiét dang tich d¢ bat dau qua trinh giai hap phu va nhiét lugng nhén dugc ¢ budng
hap phu trong qua trinh cap nhiét dang ap d€ giai hap phu theo cong thirc nhu sau [15] :
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dT dw
Qreat = (m, (sz p.lig max) + mbe) dt ~ MG E (8)(©)

Qheat (m (C p lig max) + mbcb)(TS T) m qstk ( )
Trong do: m; 1a khdi luong ciia chat hap phu, kg
Cpz 12 nhiét dung riéng dang ap ciia chat hip phu Zeolite, kJ/(kg.K),
Cpiliq 12 nhiét dung riéng dang ap ciia nudc, kJ/(kg.K)
Wmax 18 lugng hoi nude hép phu 16n nhét trén 1 kg chat hip phuy,
(kg/kg chat hap phu kho)
ms 12 khéi lugng cua budng hap phu, kg
Cp 14 nhiét dung riéng ctia budng hap phy, kJ/(kg.K)
Wegq 12 luong hoi nudc hdp phu trén 1 kg chéat hap phu bao hoa, kg/kg chat hap phu kho
w la lugng hoi nude hap phu trén 1 kg chat hap phy, kg/kg chat hap phy kho
Ost 1 nhiét cap trong qua trinh dang tich, kJ/kg
Km 12 hé s6 truyén khoi
Theo nghién ctru ciia Amir Sharafian, Majid Bahrami [13] cho thdy nhiét dung riéng ddng ap ctia chét hap
phu Zeolite cp, 12 0,836 kJ/(kg.K).
Theo nghién ciru ctia Li Zhi Zhang va Ling Wang [3], cac thong s duoc sir dung nhu sau:

Bang 3: Thong s6 dugc st dung dé tinh toan [3]

Ky hiéu Gia tri Pon vi
T: 80 °C
Ts 45 °C
Ta 10 °C
Ts 300 °C
Qevap 4911.7 kJ
m; 17 kg
Mo 7.1 kg
Cb 0.47 kJ/(kg.K)

Nhu vy mudn tinh dugc nhiét luong nhin duoc trong qua trinh hap phuy, can phai tinh dugc cac thong sb

d6 1a: Wmax, Qst, Km, Wep, W. ) o

Theo cac cong thuc [3], weq 12 lugng hoi nude hap phu trén 1 kg chat hap phu bao hoa dugc tinh nhu sau:
In(p,) =a(w,)+ b( )/T (10)

a(weq) —a, +aWw, +aWy,, (11)
W) =b, +bw,, +bw +bvv3 (12)

eq’
Trong do: Tz 1a nhi€t d cua chét hap phu béo hoa, T, = Tl =353k
P, 1a 4p suit twong tmg & nhiét 4o Tz mbar
Do qué trinh 4-1 14 qua trinh hoa hoi déng ap, moi chat lanh chuyén sang pha hoi & ap
sut thip, 1am lanh & budng lanh nén: p, = ps = pa. Do d0, tra 4p suat pz chinh 12 4p suat
s0i twong Ung voi nhiét do T4 K.
Ap suét bao hoa ctia chat hip phu dugc tinh bang cong thirc:
In(P,)=a,+b,T, (13)
V6i: as, bs 12 cac hing sd, as= 20.5896 va bs = -5089.26 [3]; T4 = 283K

o, &1, 82, a3, bo, b1, by, b3 12 cAc hing sb co gia tri nhu sau: [13]

2,=14.8979, a; = 95.408, a, = -636.66, a; = 1848.8

b, = -7698.85, by = 21498.1, b, = -184598.0, bs = 512605.0
Tir (10),(11),(12), va cac thong s trén, gidi phuong trinh bac 3, tim ra dugc weq = 0.2, CON Wax twong tur
nhu céch tinh Weq nhung tuong tmg diém 2 & ap suit cao p2 = 0,095 bar nén Wmax = 0.23
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Tir Weq, b(Weq) va R 1 hang s6 khi ly tuong v6i R = Mz/ Ry = 8.314/(0.018*1000) = 0.462 k/(kg.K)[13],
nhiét cap trong qua trinh dang tich c6 cong thuec:

Qs = _Rb(Weq) (14)
qst = _R*(bo + b.lWeq + bZWeZq + bSWeaq) (15)
Va con lai 1a km hé s6 truyén khéi dugc tinh theo cong thirc [3] sau day:
15D
Ky =="" (16)
RP
Véi: Ds la suc cang bé mit duogce tinh nhu sau: D, = D,, exp R'F a7
Ttr cong thue (16) va (17) c6 cong thirc don gian nhu sau:
o =k op(-22) (18)
Trong do: k, = 15[250 (19)
Rp
Ea
k2 = F (20)

Theo bang céc hang s6 [13], di véi chat hap phy 1a Zeolitel 3X-water, duoc: ki = 0.04004 (1/s) va k, =
905.8 (K). Tu do, tim dugc km, tir km tim dugc luwong hoi nudc hap phu trén 1 kg chat hap phu:

= W, [1-exp (K, )] (22)
Nhu vay nhiét lugng nhan duoc trong qua trinh hap phu duoc tinh nhu sau :
Qucar = (M, (Cp +Cpig Wim ) + My 8, ) (Ts = Ty) — M, K, (W —W) (23)
Tir cong thie [7]-[23], tim duge hé s6 1am lanh cta chu trinh hip phu COP c6 gia trj 13 0.41 [3]

4. KET LUAN

Nhiam muc dich tan dung nhiét thai cia dong co 6t6, chung t6i da khao sat nhiét lugng thai ra tir dong
co 6t6 dé cung cip cho may lanh hap phy hoat dong. Bai viét ciing di phan tich, Iya chon phuwong phap lam
lanh, cap moi chét phu hop v6i hoat dong cuia xe 6t6 va tinh toan dinh hudng theo chu trinh. Tan dung nhiét
thai ciing la bién phap tiét kiém nhién liéu, gop phan lam giam luong khi CO; thai ra méi truong, lam cham
qua trinh bién doi khi hau.
Vén dé can nghién ctru thém la két ciu cua bd thu nhiét tir khi thai va cach sdp xep chét hap phu trong thiét
bi nay dé co thé dua vao tng dung trong thyc té. Bén canh do, huong phat trién cta phan nghién ciru nay
1a theo huéng thuc nghiém dé dua ra nhing thong s6 chinh xac nham tinh toan dugc cong sut cua ting
thiét bi trong may lanh hap phu, tic déng ciia may lanh hap phy dén méi trudng va chi phi dau tu.

TAI LIEU THAM KHAO

[1]. Cbng thong tin dién tir v& méi truong: http://mt.gov.vn, O t6, xe may gy 6 nhidm khong khi nghiém trong,
07/06/2011.

[2]. De Boer R, Smeding SF, Mola S, Silicagel-water adsorption cooling prototype system for mobile air
conditioning. Heat Powered Cycles Conf., Berlin, Germany, 2009 & erde M, Corberan JM, de Boer R, Smeding
S. Modelling of a waste heat driven silica gel/water adsorption cooling system comparison with experimental
results. Int. Sorption Heat Pump, Padua, Italy: 2011.

[3]. LiZzhi Zhang va Ling Wang, Performance estimation of an adsorption cooling system for automobile waste heat
recovery, Research Institute of Internal Combustion Engine, Dalian University of Technology. Dalian, China,
1997.

[4]. Hans-Martin Henning u.a. Kuehlen und Klimatisieren mit Waerme. Hrsg. von Fraunhofer IRB Verlag. Karlsruhe,
2016.

© 2021 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh



MAY LANH HAP PHU SU DUNG NHIET THAI CUA PONG CO POT TRONG 137
DE PIEU HOA KHONG KHI TRONG O TO

[5]. Sybille Dallapiccola, Abwarmenutzung zur Kalteerzeugung mittels Absorptionskalteanlagen, Uni Dornbirn,
Januar 2017.

[6]. Siegfried Kreussler and Detlef Bolz, Experiments on solar adsorption refrigeration using zeolite and water,
Laboratory for Solar Energy, University of Applied Sciences Luebeck, Germany.

[7]. Andreas Gassel, Die Adsorptionskaltemaschine Betriebserfahrungen, thermodynamische Modell und TRNSYS-
Simulation, Institut fir Thermodyn. und Technische Geb&udeausriistung, TU Dresden.

[8]. Pischinger, R.; Klell, M. ; Sams, T. ; List, H. (Hrsg.), Thermodynamik der Verbrennungskraftmaschine. 3.
Springer, 20009.

[9]. Lukas Enke, Analyse des unterstiitzenden Einsatzes einer Adsorptionskalteanlage fiir die PKW-Klimatisierung,
Fakultét fir Maschinenbauder Technischen Universtitit Carolo-Wilhelmina zu Braunschweigluén, oktober 2014.

[10]. Barrault, S ; Benouali, J ; Clodic, D, Analysis of the economic and environmental consequences of a phase out
or considerable reduction leakage of mobile air conditioners. In: Final Report 30001 Ecole des Mines de
Paris/Armines(2003), S. 53.

[11]. Schwarz, J. ; Maier-Laxhuber, P. ; Woerz, R.: Cooling and air conditioning with water/zeolite in Proceedings of
the 1993 non-fluorocarbon insulation, refrigeration and air conditioning technology workshop, 1993, S. 27-29

[12]. Gentner, H.: Vergleichende Untersuchung von mechanisch, elektrisch und thermisch angetriebenen
Kalteanlagen zur Fahrzeugklimatisierung, Technische Universitdt Mlnchen, Dissertation, 1995.

[13]. Amir Sharafifian, Majid Bahrami, Critical analysis of thermodynamic cycle modeling of adsorption cooling
systems for light-duty vehicle air conditioning applications, Laboratory for Alternative Energy Conversion
(LAEC), School of Mechatronic Systems Engineering, Simon Fraser University, 2015.

[14]. Syed Muztuza Ali, Anutosh Chakraborty, Thermodynamic Modelling and Performance Study of an Engine
Waste Heat, , Nanyang Technological University, Singgapor, 2015

[15]. B. Shi, A. Elsayed, R.K. AL-Dadah, S. Mahmoud, CFD Simulation of Honeycomb Adsorption Bed for
Automotive Cooling System, Proceedings of the International Conference on Heat Transfer and Fluid
Flow,Prague, Czech Republic, August 2014.

[16]. Siegfried Kreussler and Detlef Bolz, experiments on solar adsorption refrigeration using zeolite and water,
Laboratory for Solar Energy, University of Applied Sciences Luebeck, Germany.

[17]. Constanze Bongs, Experimentelle und mathematisch-numerische Untersuchung von verdunstungsgekihlten,
sorptiv beschichteten Warmedibertragern fir die Luftentfeuchtung und kihlung, Uni Aachen, 2014.

[18]. Sybille Dallapiccola, Abwarmenutzung zur Kélteerzeugung mittels Absorptionskélteanlagen, Uni Dornbirn,
Januar 2017.

[19]. Technologien zur solaren Kihlung in Wohngebéduden weltweit und in Geb&uden des sozialen Wohnungsbaus in
Mexiko, Uli Jakob, Paul Kohlenbach, GIZ Oktober 2017.

[20]. Fundamentals of Engineering Thermodynamics, 7e

[21]. Motoyuki Suzuki, Application of adsorption cooling systems to automobiles, Institute of Industrial Science,
University of Tokyo, 7-22-1 Ropponsi, Minato-ku, Tokyo 106, Japan, 1993.

[22]. Amirhossein Sharafianardakani, Waste heat-driven adsorption cooling systems for vehicle air conditioning
applications, Lu4n &n tién sy tai Simon Fraser university, 2015.

Ngay nhdn bai: 15/11/2020
Ngay chdp nhdn diang: 04/03/2021

© 2021 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh



