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TRUONG PAI HOC SU PHAM KY THUAT
THANH PHO HO CHI MINH
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NGHIEN CUU CHE TAO HE THONG GIA NHIET CHO
PONG CO SU DUNG NGUON NHIET TU NUOC LAM MAT

NGANH: KY THUAT CO KHI PONG LUC - 60520116
Hudng dan khoa hoc:

PGS.TS. PO VAN DUNG

——

—_——

Tp. H6 Chi Minh, thang 10/2019

= e K esc=—==

§
|




T T TR B B W T W S W B R I TR VI R B NS B VDR e N T Wl W WA W Niati P Y T A PR w————

Al T WTTTWT T N TN R P ST i

BO GIAO DUC VA PAO TAO _ CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONGDATHOCSU PHAMKY THUAT Doc 1ap - Tw do - Hanh phiic
THANH PHO HO CHi MINH
$6: 1660/QD-DHSPKT Tp. Ho Chi Minh, ngay 28 thany & pam 2114
QUYET PINH

Ve viéc giao dé tai luan vin tét nghiép va ngudi hwéng din nam 2018
HIEU TRUO'NG TRU'O'NG DAI HOC SU' PHAM KY THUAT TP. HO CHI MINH

Can cr Quyét dinh so 426/TTg ngay 27 thang 10 nam 1976 cua Thu tuing
Chinh phu vé mét sé van dé cap bach trong mang luéi cac trwomg dai hoc va Quyét
dinh 56 118/2000/QD-TTg ngay 10 thang 10 nam 2000 cia Thi twdng Chinh phu vé
viéc t6 chirc lai Pai hoc Quéc gia Thanh Phé HO Chi Minh, tach Truwong Pai hoc
Sw pham Ky thuat Thanh pho6 H6 Chi Minh tryc thudc Bo Gido duc va Pao tao;

Can cr Quyét dinh s6 70/2014/QD-TTg ngay 10 thang 12 nam 2014 cta Tha
twéng Chinh phi vé viéc ban hanh bicu 1€ trwong Pai hoc;

Can cir Quyét dinh s6 937/QD-TTg ngay 30 thang 6 nam 2017 vé viéc phé
duyét d& an thi diém d6i méi co ché hoat dong cua Trwong bai hoc Sw pham
Ky thuat Tp. H6 Ch{ Minh;

Can cir Thong tw s6 15/2014/TT-BGDPT ngay 15/5/2014 cia Bd Gi4o duc va
Dao tao vé viéc Ban hanh Qui ché dao tao trinh d thac sf;

Can cir vao Bién ban bao vé Chuyén dé ctia nganh Ky thuét co khi déng luc vao
ngay 26/08/2018;

Xét nhu cau cdng tac va kha niang can bo;

Xét dé nghi cia Trwdng phong Pao tao,

QUYET PINH:

Piéu 1. Giao dé tai Ludn vin t6t nghiép thac si va ngwdi hwéng din Cao hoc

nam 2018 cho:

Hoc vién : Mang Tdn Thu MSHV: 1780511
Nganh : Ky thudt co’ khi dong lwc
Tén dé tai : Nghién ciru ché tao hé théng gia nhiét cho déng co siv

dung ngudn nhiét tir nwéc lam mat

Ngudi hwéng dan : PGS.TS. Pé Vin Diing

Thi gian thuc hién: Tir ngay 28/8/2018 dén ngay 28/02/2019

biéu 2. Giao cho Phong bao tao quan ly, thuwc hién theo ding Qui ché dao tao
trinh do thac si ctia Bo Giao duc & Pao tao ban hanh.

biéu 3. Trwdng cac don vi, phong Pao tao, cdc Khoa quan nganh cao hoc va cac
Ong (Ba) c6 tén tai Piéu 1 chiu trach nhiém thi hanh quyét dinh nay.

Quyét dinh c6 hiéu lyc ké tir ngay ky./. vt'

Noi nhén :

- BGH (aé& biét);

- Nhu didu 3;

- Luu: VT, SDH (3b).
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BO GIAD DUC VA BAD TAD CONG HOA XA HOLCHD NGHIA VIET NAM

TRUING DA HOC SUPHAM KY THUAT Béic lip - Ty do - Hynh plibe
J THANH PHO HO CHIE MINH

BIEN BAN CHAM LUAN VAN TOT NGHIEP THAC ST_NAM 2019
NGANH: KY THUAT €O K DONG LUC_KHOA 2007-2019

Hl dbng chim LVTN theo OB aéi: E]E&@ﬂ-ﬂfﬁ'ﬂ'ﬂ"—ﬂ}ﬂh’ uga,p O%T02019

Cdr miit -1 v Ving mit: .o L.

Chi tich H§i dﬁl:g : f‘[u’i“ .|'3 J"_1 ﬁm’r .I'.J'm

Thar ky Héi g - I8, Trdin Thanh Thdmg

Ho< vign bédo v LVTN @ Mang Tin Thu MEHY: 7RSI

Gidng vién hidmg diin  : PGESTS B4 Vin Diing
(idng vign phin bigén  : I'S. Ngsydn Fan Trang
e II:'J.:I.I'n'IE J'.!._m Lo
Tén d tai LVTN - NGHIEN COU CHE TAQ HE THONG GLA NHIET CHO DONG
1 CF SUDUNG NGUON NHIET TU NUTKC LAM MAT
I. KET QUA BAD VE:
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BV GEAD DUIC VA BAD TAD
TRUTING BATHOLC SU PHAM KV THUAT
THANH PHO HO CHI MINH

PHIEU NHAN XET
LUAN VAN THAC SY - HUONG UNG DUNG
(Ivink cho gidng vién phin bign)

Tén 3% i lufn v ths ¥ SEHTEN CUU CHE TAQ HE THONG GIA NHIET
CHO BONG OO SU DUNG NGUON NHIET TU NUGC LAM MAT

Tén tie gib: Mamg Tin Thy MSIY: 1780511
Nganh: K thudy co kb ddng e Khoa: 2017-2019
Ho vi tén ngweti phin bién: T8, Newpén Vin Trpng

Chire danh: Gidng vién chinh Hoc vi: Tidn 81

Ui quan comg e Co Khi BAng Lic
Bién thogid lign hé:

I ¥ KIEN NHAN XET

1. V& hinh thire & két clia lujn viin,

Lt vin dups cdu tric gdm ob 5 chuong, néu nhy 48 $ull thi pha hep v&i | ldn
viln Thae 1, Tuy nhidn, ¢t nhi#u ndi dung céin pheéi bl sung cho dily d0 (hidn el cin
thida nhitu ndt dung) :

2. Vi ndi dung

2.0 Nivdn xét vé tinh Khoa kpc, #0 ring, mpch fge, khie chidy tromg Tudn v,

Py & mit [Tnh wyro khi hay, cin nghign clru mit céeh nghiém tic vii cd b thing
o 5 by thuvdt traydn ali@t, nh todn md phong va thye nghigem 38 danh gid kil qud

2.2 Nivgn xdt dinh gid vife sic dung hofc trich din két qui NC cria ngowdi
klvde od ding qui dink hign hdnk cda phdp Lt s ki e td,

Philin b trich din e6 thyre hign Sing qui djmh, tey nhida cde trich diin tir 12 b di
khing oi trong danbh mpo Tai ligu tham khao. B2 nghj hoe vién ri soit v bo sang day
dil.

2.3 Nhfin xét vé mpc fifu nghifn o, phaong phip mghide eiu sic duny
freng LT,

My i nghign eiru 1 ring, phuomg phiap nghién ciru dups # rm phit bgp nhamg
cln phal cd mhimg két qud cu the

2.4 Nhiin xét Tong quan cia dé i,
Téag quan phi hop
2.5 Nhin xét dimk pid vé npi dung & chidf hepag cia LVTN,

Mg dung luiin viln cin phii b sung cho dky 46 phin mé hinh, md phéng, két qu v
philn tich thit dy di,

2.6 Nilgin cét dink gic vé kied ming sing dyng, gid tr thye ién cia 42 6,

Cé thié img dyung



2.7 Ludn win cdn chirnk sia, b8 sung nhiFng mfi dung gi (thiée sdt vd tér gi).

= Whiky bing gid tri, efng thirc con sao chép nguydn ghe (khing cé ngudn irich din)

- Nhimg két qua mé phing cdn thé hign r8 ring o4 phén tich oy thé trang dé i

- Charemg 4, clin phai xdr 19 58 1iu kém phiin tich, khéng phii chigp hinh va 4é
npuydn gho nhar thé,

- Charerag 5, lodn todn chua of ndi dung

IL CAC VAN BE CAN LAM RO
{Céc clu bdi ol gidng vién phin ben)
1. 1. &0 hinh mo phong bing Madah'Simulink duge thd hlén & GGu? White
thiing 54 ndo cin thu durgpe sou qud irinh thire hign md phéna?
2. 2, Dénh gid hidu qud mdng lugng thu h&i dupe bao nhigu %, trong treimg hep
nivo cin thu héi va hidu qui nhit khi nio?

1L PANH GIA

Piinh gid
TT Muyc ddnh gih
S | e K::.f ;
1 |Tinh khoa hoe, 8 ring, mach lpe, khoe chidt trong lufin viin, ¥
2 |Dvinh gii viée sir dung bode trich din két qui NC e ngtd khdd ®

b ding qul dinh hign hinh cla phép ludt s& him ol teg,

3 My ligu nghidn ciu, phaeong phip nghiéa et s dung trong  x
LVTN.
4 |Thing quan cia 48 tAi. ' | X%
J |Pénh gid v& ndi dung & crﬁt_ll.rqu@ con LV,

& |Déinh gid vé khi nding g dung, gid tr thye tién cla & i,

Exdnh gty chéo (k) wio & mute Exinn gid
IV, KET LUAN
{FAdng widn phdn Bidn gl w5 3 krdn T ohdn lufe vldn  hay “Kdag tdm cedmk fufin wdn )

Bdng ¥ héo vi

TP Hea Chi Mink, mgay 27 thdng 10 ndm 2019
Mg nhifin xét
I,

TS, Mguyén Vin Trang




- B0 GIAQ DUC VA DAO TAD
@ TRUGNG BAI HOC SU PHAM KT THUAT
- THANH PO ITO CHE MINTI
HCMUTE
PHIEU NHAN XET
LUAN VAN THAC SY - HUONG UNG DUNG
(Danh cho gigng vién phan bign)

Tén dé thi ndn viin thac s7: NGHIEN CUU CHE r.:m HE THONG GIA NHIET
CHO BONG COSUDUNG NGUON NHIET TU NUGC LAM MAT

Tén tic gid: Mang Tin Thy MSHV: I780511
Nginh: K§ thugds cor khi djng fwe Khda: 2017-2019
Ho va tén nguid phan bién: TS, Duwong Hodng Long

Chire danh: Gidng vién Hipe vi: Tién 51

Cor quan cdng tic: Pai hoe Nguyén Tit Thanh
Bign thog lién hé: 0901363266
L ¥ KIEN NHAN XET
1. V& hinh thire & kit cau ludn viin.

Lufin vin of § chrong wai nfi dung efic chuomg duge cdu e mdt cdeh eb b thing

dip ﬂn%m}'-ﬁu cdu cha mét ludn van nghidn cin khoa hoe trong [Tah vire k§ thudt, ty
tltidn [k iz thém ndi I'JlJr'IE cha |'|l'|§|1 K-fl.-l.]u:.!l vi KL fudin, Cie Trang bin, trang

|44, Header vi Footer ¢fin xem lai theo miu quy dinh hidn hinh i Nhi tnrmg,
3, Vi il dong

2.1 Nhin xét vé tinh khoa hpe, v rang, mach lae, khde chict trong lugn v,

Ngi dung cde chirong trong lufn vin thd hign dwge chidt khic mgt chch khoa bpe,
trinh by khd ¢l ring djc bidt phin din nhip vi thng guan ndu bt duge cbi che thifu
sl e cde nghidn el |1|e,.|:| nay va i ddag gop cla L& t A8 v khoa hoe v xil hoi,
Philinn Kt ludn ciin deou b sy thiém,

2.2 Nhiin xét dinh gid vige si dyng hogc trich dan ket gud NC cia ngudi
khde cd dang gui dink hidn hinh cia phdp Tude 86 hivu oef g,

Céc trich dfin duge sir dyng trong luin viln duge ding trén cée hii nglyj, tap chi vy
tin trong vA ngodi nude hode cde website chinh thing tong khudn khé phip lujt, do 86
dip g duge tink qoy phap w3 ad i e o,

2.3 Nhidn xét vé mye Héu nghién e, phieong phdp nghifn ciru s dypng
frong LVTN,

Mue tidu nghién o et 3 B duge the gid trink by mdt cach b ring, chi tiédva
ngiin ngon, Cic phuong phip nghién ol sir dung trong ledin viin pho hop woi ndi dung
vil mipc tign nghién el cia dé ti.

2.4 Nhgn xét Tang quan cia 48 tii.

Tée gid & thé hién rit wd¢ phiin dn nhip, tinh cip thiée vi Wng quan khi thing ké
cac nghién cinu trong va ngodd nuree vé vige sir dyng ngudn nhigt thai ra trong khi thai
4 tii sir dyng thdng qua bién ddi thinh dién ndng. Qua tng quan cb thé tdy nghitn



ciru sl dung nhidt ndng tr mrde 1dm mat hign nay chua duge D,E]J.IE:L‘I. cimu tgl Vit Nam
vl it trény ué i (tde gid chn wich ddn cde nghién ciu twén thé gidi v& nfn difm niy).
Do d4 néu biit dirge cdi chn thidu cda cde nghién cin hién nay va difu 46 1Am ting [4n
gid tr] ddng gdp cla A& ti nghidn el ndy. Qua ting quan, tic gid cling 45 néa duge ¥
ngha ciia nghién cim 341 v xil b,
2.5 Niviin xiét diink gid vé ngi dung & chdt liegmg cta LVTN.

Tuy codmn udin vin hidn tai chura hodn chinh v mit ndi dung (vlin hin). Tuy nhién,

[edn ¥iin néw mdm:n: g pho tnl owdi cho kboa hoe va .:ﬂg“-gma thidt thnee cho x4

hi vi ginp 4t kiém duge nhu!n lidn wa gidem pluat théi & nl:u v 002, Qua dd, ludn
wiin =i ldm nén ting 4 phat tridn thitm cic nu_hlﬁn i titp thea |1|'|i|'|‘.| l'lnﬂu:'l thidn hen

it mpc tigy codi cing cia dy dn. Ludn vin 1 nghigp dip g & veé khdi hugmg v
chit hreng wéu cdu cho mét ludn vin thec 1.
2.6 Nhin xdt ddnh gid vé .Hmming g dung, gid rrj thye tién cia 38 i,

& mit khoa hoe, viée thu hii ngun nhiét thii m & mede [dm mit dé bim ning ding
cor khi khii déing o tinh khi thi, Tuy nhién cin dinh gid tinh higw qua cia phwong
phap nav do nhid 52 thi ra tlr nuede [3m mdt thtmg nhé hon rit nhido nhide 46 khi
thid. Trong khi da sb cde nghidn etm cb pinp 82 sir dyng téi o dyng nhidt thai ra tir khi
thii &8 tii s dyng cho ding co, Bily cling li méit didrm I ¥ quan trong khi dp dung
vio thie té khi xét dén higy q'uﬁ. kink 12,

2.7 Lujim vin cin chinh siva, bi sung nhitng nfi dung gi (thidt sot va tin fai).

Phién bin hién tyi com nhigu thifn sit, de bid 1 ndi dang cha Jm&u Kot qué va Két
lujn trong lufn van, Bgodi m, kidm tra lyd chinh v bioh vin 38 phi bp v mit bio
cho khoa hge.

1L CAC VAN BE CAN LAM RO
(Cdc ciu hii cda gidng vién phin bagn)
1. Tée gid hiy cho biét 1§ do chinkr khi clc nha khoa hge trong vi ngodi ninde
clwra nghién oim nhiéu v& finh virc ndy (thu hoi nhigt o mede lam mat 38 gia
nhiét khi khéd dgng)?
2, Trinh by thiét ké b thu hbi nhigt, thiét bj nay oo thé hru trit nhiét trong vong
baa liu, so sanh v& tinh kinh 68 v mdt b bifn phdp gia nhigt klsic,

L BANH GIA
I Dk gid
Muye dinh gid Pyt Khiing
dgt

| |Tinh khoa hoe, rd ring, mgch lae, khic chiét trong lujin vin.

Prinh gid viée s dung hofic trich din ket qui NC cia ngwii khic] x
ci ding qui dinh hidn hinh cda phip lut sd hitu i .

Muyc tiéu nghién i, phlrmg phip nghién o s dyng frong] x
LVTHM.

4 |Téng quan ctia d& ti. X

Prinh gid ve noi dung & chit hegng eda LVTN. X




l6]Dﬁnhgiévékhén&ngﬁngdung,giénithvctiéndmdéﬁi. | [ x
Didnh ddy chéo (x) vio 6 mudn Drink gl
IV. KET LUAN
(Gidmg vién phin bign ghi rd  kién “Tdin thanh lugn win " hay "Khdng tdn thinh lujn vin ")
Ping ¥ cho bio vé trong traimg hop tic gid 42 hoan thinh phin két qua va két lugn
va biio cdo trong h$i ddng, bd sung cdic phdn niy trong cudn lugn via,
TP Hé Chi Minh, ngay 26 thdng 10 nam 2019

Nguii nhio xét
Ky & ghiad ho

TS. Ditong Hodng Long



Luan Vin Thac Sy GVHD: PGS.TS. D6 Van Diing

LY LICH KHOA HOC

I.LY LICH SO LUQC

Ho & tén: Mang T4n Thu Gigi tinh; Nam
Ngay, thang, nam sinh: 15/01/1994 Noi sinh: Phd Yén
Qué quan: Phuong 9, TP. Tuy Hoa, Pha Yén Dén toc: Kinh

Chd ¢ riéng hoic dia chi lién lac: 14 duong 96, Khu Phé 6, P.Hiép Phd, Quan 9,
TP.H6 Chi Minh

bién thoai co quan: 0918395276 bién thoai nha riéng: 0573848846
Fax: E-mail: tanthuckd@gmail.com
I1. QUA TRINH PAO TAO

1. Trung hoc chuyén nghiép:

H¢ dao tao: Thoi gian dao tao tir ...... [o..... dén ...... /...
Noi hoc (trudng, thanh phd):
Nganh hoc:

2. Dai hoc:

Hé dao tao: Pai hoc chinh quy Thoi gian dao tao tir 09/2012 dén 02/2017
Noi hoc (trudng, thanh phd): Pai hoc Su pham Ky thuat Thanh phé Ho Chi
Minh

Nganh hoc: Cong nghé Ky thuat O t6
Tén db &n, luan &n hozc mon thi tot nghiép: M6 hinh dong co diesel bom PE.
Ngay & noi bao vé d6 an, luan an hoac thi tét nghiép: 27/02/2017
Ngudi huéng dan: ThS. Chau Quang Hai

3. Thacsy:

Hé dao tao: Chinh quy Thoi gian dao tao tir 10/2017 dén 12/2019
Noi hoc (trudng, thanh phd): Pai hoc Su pham K5 thuat TP.HCM
Nganh hoc: K¥ thuat Co khi Bong luc

HVTH: Mang Tan Thu i MSHV: 1780511



Luan Vin Thac Sy GVHD: PGS.TS. D6 Van Diing

Tén luan van: Nghién cau ché tao hé théng gia nhiét cho déng co str dung ngudn
nhiét tir nwgc lam mat.
Ngay & noi bao vé luan van: 27/10/2019
Ngudi huéng dan: PGS.TS. B Vin Diing
4. Trinh d9 ngoai ngir: (biét ngoai ngit gi, mic do): Anh ngir (Kha).
5. Hoc vi, hoc ham, chitc va ki thuat dwoc chinh thikc cip; s6 bang, ngay &
noi cap:
I11. QUA TRINH CONG TAC CHUYEN MON KE TU KHI TOT NGHIEP
PAI HQC:

Thoi gian Noi cong tac Cong viéc dam nhiém
Cong ty TNHH MTV Thanh Phong Co6 van dich vu
2017 — 2018 auto
Autos Only - Car Sales & Services C6 van dich vu
2018-nay
Center

IV. CAC CONG TRINH KHOA HOC PA CONG BO:

XAC NHAN CUA CO QUAN hoic PIA PHUONG Ngay15 thang 09 nim 2019
(Ky tén, dong dau) Nguoi khai ky tén

Mang T4n Thy

HVTH: Mang Tan Thu ii MSHV: 1780511




Luan Vin Thac Sy GVHD: PGS.TS. D6 Van Diing

LOI CAM POAN

To6i cam doan day la cong trinh nghién ctru cua toi.

Cac s lidu, két qua néu trong luan van 1a trung thue va chua timg duoc ai cong b
trong bat ky céng trinh nao khac.

Tp. Ho Chi Minh, ngay ... théng ... nam 2019
(Ky tén va ghi rd ho tén)

Mang Tan Thu

HVTH: Mang Tan Thu iii MSHV: 1780511



Luan Vin Thac Sy GVHD: PGS.TS. D6 Van Diing

LOI CAM TA

Trong khoang thoi gian hoc tap va nghién ctu dudi mai treong Pai hoc Su
pham K¥ thuat TP.HCM than yéu nay, t6i nhan duoc su huéng dan tan tinh, quan
tam sau sic cua quy thay cd. Thay c6 ludn tao moi diéu kién tét nhat va truyén dat
nhitng kién thuc, kinh nghiém cho tdi, d6 1a nén tang, dong luc cho toi hoc tap va
nghién ciru, cling nhu nhitng kién thac do t6i s& van dung c6 ich, linh hoat vao
trong doi sdng sau nay.

T6i xin chan thanh cam on quy thay cd tai Khoa Co khi Pong luc va quy
thay cd & cac khoa khac di trang bi cho ti nhiéu kién thic hay va bo ich, d6 1a
nhitng kién thizc 1am nén tang cho tdi van dung vao luan vin thac sy nay.

T6i xin chan thanh cam on siu sic t6i nguoi thidy dang kinh
PGS.TS. P4 Vin Diing, ngudi ma da tan tinh, tan tdm tao moi diéu kién tét nhat dé
hudéng dan cho ti hoan thanh luan vin nay.

Toi xin chan thanh cam on KS. Phan Pat da hd trg t6i rat nhiéu vé thiét bi
mo phong.

Mic du toi dd hoan thanh luén vin nay nhung chic s& con thiéu sét, tdi mong
nhan duoc sy déng gop chan tinh cua quy thay cd trong hoi dong va doc gia.

Cudi cuing, ti xin chan thanh cam on gia dinh, ban bé, ddng nghiép va gui
loi cam on sau sac tgi quy thay ¢, chic quy thay co va gia dinh ludn vui vé, manh

kho¢, hanh phuc, thanh dat trong sy nghiép trong ngudi.

Hoc vién cao hoc

Mang Tan Thy

HVTH: Mang Tan Thu iv MSHV: 1780511



Luan Vin Thac Sy GVHD: PGS.TS. D6 Van Diing

TOM TAT

Tir khi dong co ddt trong ra doi, d6 cling chinh 1a nén céng nghiép bat dau
phat trién manh mg&, nhu cau sir dung xe & t6 ngay cang phd bién, theo thoi gian thi
ngudn nhién liéu hod thach ngay cang can kiét, do d6 nhu cau cip thiét dit ra cho
cac nha nghién ctru d6 1a lam sao cai tién mot cach c6 hiéu qua vira dam bao tinh
kinh té, k¥ thuat, moi truong va do bén. Nhu ta da biét dong co ddt trong mudn hoat
dong tét nhat 1 trong dai nhiét do tir 85°C — 102°C, thyc té khi méi khoi dong vao
budi sang thi dong co van con lanh theo nhiét dé méi truong. Chinh vi vay ma cac
nha nghién ciru da tinh toan dua ra giai phap 1a phun mét luong nhién ligu du Ion dé
cho dong co nhanh nodng 1én dé dat dai nhiét 46 t6i wu. Véi y tuong nay thi co
nhitng diém han ché 1a: thi nhat mot luong nhién liéu sé b thai ra méi trudong gay 6
nhiém va lam tiéu hao nhién liéu hon mirc binh thuong, tha hai 1a lugng nhién ligu
con lai trong budng dét khong chay duoc s& rira troi nhdt boi tron va 1am mai mon
dan xecmang va xylanh dong co. V&i ¥ tuong 1a 1am sao cho nhiét 6 dong co khi
khoi dong lanh tién gan hon véi dai nhiét do hoat dong t6i wu ctia dong co, d6 1a tan
dung ngudn nhiét tir nude giai nhiét dé gia nhiét cho dong co trude khi khoi dong
lanh. Bang céch sir dung phan mém mé phong dong luc hoc Catia két hop vai phan
mém mo phong nhiét Comsol, nghién cau du doan suét tiéu hao nhién liéu cua dong
co mot cach chinh xé&c va hiéu qua vira tiét kiem duoc thoi gian va nguon chi phi.
Trong luan van nay tdi s dung phan mém Matlab dung dé tinh toan téc do6 cam
ching, thoi gian cam ching, suét tiéu hao nhién liéu cua qua trinh khai dong co hé
thdng gia nhiét va khong cé hé thdng gia nhiét cho dong co. Tir d6 so sanh hai
truong hop va rat ra két luan.
Tir khod: dong co; hé thdng gia nhiét cho dong co; suét tiéu hao nhién liéu; toc do
cam chung; thoi gian cam chung; truyén nhiét; phan mém CATIA; phan mém

Comsol.
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Abtract:

Since the introduction of the internal combustion engine, it is also the industry that
began to develop strongly, the demand for cars is becoming more and more popular,
over time, the source of fossil fuels is increasingly exhausted, because It is an
urgent need for researchers to improve the efficiency of the economy, technology,
environment and durability. As we know the internal combustion engine wants to
work best in the temperature range of 850 C - 1020C, in fact when it is started in the
morning, the engine is still cold according to the ambient temperature. Therefore,
the researchers calculated the solution is to spray a sufficient amount of fuel to let
the engine heat up quickly to reach the optimum temperature range. With this idea,
there are limitations: the first amount of fuel will be discharged into the
environment causing pollution and fuel consumption than normal, and the second is
the amount of fuel remaining in the combustion chamber. Combustion will wash
away lubricant and gradually wear out the cylinder and engine cylinder. The idea is
to bring the engine temperature on cold start closer to the optimum operating
temperature range of the engine, which is to take advantage of the heat source from
the cooling water to heat the engine before starting cold. By using Catia fluid
dynamics simulation software in conjunction with Comsol, the study predicts
engine fuel consumption accurately and efficiently while saving time and cost. In
this dissertation, | use Matlab software to calculate the moderation speed, time
delay, fuel consumption of the start process with heating system and no heating
system for the engine. From there compare the two cases and draw conclusions.
Keywords: engine; heating system for the engine; fuel consumption rate; moderate

speed; time moderately; heat Transfer; CATIA software; Comsol software.
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DANH MUC CAC TU VIET TAT

AQI: Air Quality Index — Chi s6 chat lugng khong khi.
CA: Crankshaft Angle — Géc quay truc khuyu.

CATIA V5: Computer Aided Three Dimensional Interactive Application — Xt ly

tuong tac trong khong gian ba chiéu ¢d su hd tro cua may tinh.

CAE: Computer — Aided Engineering — K¥ thuat co sy hd tro may tinh.
ECU: Electronic Control Unit — Hop diéu khién dong co bang dién tu.
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EVC: Exhaust Valve Close — Thoi diém x(—pap thai dong.

EVO: Exhaust Valve Open — Thoi diém x0—pap thai mé.

FEA: Finite Element Analysis — Phan tich phan tir hitu han.

FSD: Flame Surface Density — Mat d6 bé mat ngon lira.

GDI: Gasoline Direct Injection — Phun xing tryc tiép.

GUI: Graphic User Interface — Giao dién tryc quan vai nguoi dung.
LIS: Laser Ignition System — Hé théng danh lira laser.

LI: Laser Ignition — Banh Iura laser.

ICE: Internal Combustion Engine — Pong co dét trong.

IMEP: Indicated Mean Effective Pressure — Ap suat chi thi hiéu dung trung binh.
IVC: Intake Valve Close — Thoi diém x(—pap nap déng.

IVO: Intake Valve Open — Thoi diém xt—pap nap mo.

MPE: Minimum Plasma Energy — Ning luong tia laser t6i thiéu.

MIE: Minimum Ignition Energy — Nang lugng danh Itra ti thiéu.
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Chwong 1
TONG QUAN

1.1 Dan nhap

Tur khi cudc cach mang cong nghiép 1an tha nhat ra doi tai Chau Au véi su ra doi
cua dong co hoi nudc la phat minh caa nha bac hoc James Watt (1736 — 1819) nha
phat minh nguoi Scottland, tiép sau do 1a cudc cach mang cong nghiép lan 2 véi sy
phat minh nhiéu thiét bi dua trén hién twong cam tng dién tir cing voi do 1a sy xuat
hién cia bong dén dién, trong d6 khong thé khdng ké dén do 1a dong co dét trong,
sau d6 1a cach mang cong nghiép lan thi 3 va cudc cach mang cong nghiép lan thi
4 véi sy phat trién nhu vii bdo vé cac nganh cdng nghiép niang, may moc,
internet,... Qua 4 cudc cach mang nay ta dé thiy riang dong co d6t trong ra doi rat
sém va chiém maot phan rat quan trong trong cac nganh cong nghiép, trong d6 phai
ké dén do6 1a dong co 6 to.

Trén O t6 hién nay, muc tiéu hao nhién liéu va do bén cua xe 1a hai van dé dugc
nguoi st dung quan tdm nhat, 1lam sao dé chon mét chiéc xe c6 muc tiéu hao nhién
lieu thap, d6 bén cao 1a mot van dé kho khan.

Muc tiéu thu nhién liéu cua xe 6 t6 la dung tich nhién liéu ma xe st dung trong mot
don vi quing dudng di nhét dinh. Cach tinh muc tiéu thy nhién liéu cua xe dya vao
thé tich nhién liéu da st dung chia cho quang duong di duoc. Thong thudong ngudi
ta chia ra mac tiéu thu nhién liéu d6i véi duong trong d6 thi, dudng ngoai do thi,
duong hdn hop ca trong va ngoai do thi.

Cac don vi do muc tiéu thu nhién liéu: tai Viét Nam ching ta hay st dung don bi
1it/100km, c6 nghia 1a chiéc xe s& tiéu tén bao nhiéu lit nhién liéu dé di hét quang
duong 100km. Trén cac xe 6 t6 thuong hién thi don vi lit/100km hodc nguoc lai
km/lit, nghia 14 quing duong di duoc tinh bang kilomet khi sir dung 1 lit nhién liéu.

Ngay nay, cé rat nhiéu cong nghé trén O t6 duoc phat trién nham giam muc tiéu hao
nhién liéu cua xe nhu: phun xing truc tiép, may phat dién théng minh, tro luc lai

dién, 16p can lan thap... Trong chuyén dé nay, ti xin dé cap dén mot van dé méi do
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la: gia nhiét cho dong co trudc khi khoi dong. Diéu nay co y nghia rat 16n trong viéc
giam muc tiéu hao nhién liéu va tang tudi tho cia dong co.
1.2 Ly do chon dé tai

Trong nhitng thap nién téi, mdi quan tdm hang dau cua viéc Gmg dung nhiing
cong nghé mai trén dong co 1a giam ti€u hao nhién li¢u, gidm muc do phat sinh 6
nhiém, ngay tlr ngudn phat thai cia dong co, nghia 1a trude khi ra khoi xt — pap xa,
mudn 1am han ché diéu d6 trude tién 14 1am sao cho hoa khi trude khi vao trong
budng dbt phai duoc tron déu, nghia 13 luong nhién liéu phun vao budng dbt phai
toi swong, diéu nay nhiét d6 dong co anh hudng dén rat 16n. Vi vay, cac nha thiét ké
dong co trong tuong lai ho s€ ung dung cong nghé gia nhi¢t cho dong co trude khi
khoi dong khong chi chi trong don thuan vé tinh kinh té ctia dong co ma phai can

nhac gifra cac chi ti€éu d6 va mac do phat sinh 6 nhiém va tudi tho cua dong co.

Tinh hinh 6 nhim & hai thanh phd 16n & Viét Nam nhu: thanh phd HO Chi
Minh va Ha Noi trong nhitng nim gan ddy ngay cang ting, 6 nhiém khong khi chi
yéu 14 do phat thai tir dong co d6t trong. Viéc phat thai khi 6 nhiém tir dong co chu
yéu 1a do qué trinh chdy khong hoan hao, diéu d6 mot phan lién quan dén hé thong

nhién liéu. Trich din ching cy thé nhu sau:

“Thong tin ngudi dan Ha Noi dang phai sdng trong tinh trang 6 nhiém khong khi ¢
muirc bao dong vira duge Trung tAm Phat trién va Sang tao xanh (GreenID) cong b,
mot 1an nira khién nguoi dan thue sy lo ling. Pay khong phai 14 1an dau tién van dé
6 nhiém khong khi duoc canh bao. Pa co thoi diém thu d6 Ha Noi con duogc canh
bao dung trudc nguy co lot vao nhém cac thanh phd 6 nhidm khong khi nhat thé
gidi. Cu thé, méi day dya trén co so dir liéu chat lugng khong khi cta TH chirc Y té
thé gigi (WHO), GreenID phan tich va chi ra rang nguoi dan Ha Noi dang phai tiép
xuc v6i khong khi bi 6 nhidm xép thir 02 trong s6 23 thanh phd duoc khao sat & mot
s6 quoc gia Pong Nam A (gom Viét Nam, Thai Lan, Myanmar va Indonesia). Theo
dir liéu méi cua GreenlD, trong 03 thang dau nam 2018, chit luong khong khi &

TP.HCM t6t hon Ha Noi du so cung ky 03 nam gan ddy, chat lugng khong khi tai
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TP.HCM c6 xu huéng xdu dan. Chit luong khong khi tai Ha Noi trong giai doan
nay van khong t6t véi néng do bui PM2.5 trung binh 63,2 pg/md, gan gip doi
TP.HCM. Binh quan 91% sb ngay trong 03 thang dau nim, mic d6 6 nhiém khong
khi cuia Ha Noi vuot tiéu chuan cho phép cia WHO. Két qua nay dua trén dir liéu
thu thép tai tram quan trac chat lugng khong khi cua Dai sit quan M tai Ha Noi. Tu
dau nam 2018 dén nay, TP.HCM di dbi mat it nhat 02 dot "mu kho" cho thdy mirc
d6 6 nhiém dang gia ting. Theo thong ké tir Trung tdm Quan trac Tai nguyén Moi
truong, SO Tai nguyén Moi truong TP.HCM, két qua do tir cac tram quan trac vao
thang 03 niam 2018, hau hét khi doc nhu NO2, CO & ngudng cao, vuot qua quy
chuan cho phép. Nhitng noi duoc cho 13 vira 6 nhim méi tredng vira 6 nhiém tiéng
on tap trung khu vuc cau vuot An Suong, ngd tu Hang Xanh, nga sau Go Vap, cang

Cét Lai,...” [1]

Hién nay, c6 nhiéu cong trinh khoa hoc tap trung giai quyét van dé trén cua
dong co dbt trong. Nghién ciru mé phong dugc &p dung nhiéu trong cai tién dong co
cha yéu 1 cai tién duong 6ng nap, cai tién duong ong x4, riéng véi dé tai toi chon
cai tién dong co vé hé théng gia nhiét. Mic du hé théng nay da duoc trang bi trén xe
hybrid, Tuy nhién, cac két qua thi nghiém ciing nhu mé phong, Iy thuyét méi cha
yéu chi c6 & nudc ngoai. Dy doan dugc trudc két qua cia qua trinh tinh toan md
phong cho thuc té ché tao, thi cong trén nhitng dong xe phé thong dang chay & thi
truong Viét Nam. Xuat phat tir nhu cau cap thiét do, viéc ing dung mé phong hé
théng gia nhiét cho dong co trén xe phd thong 1a diéu lya chon téi wu. Tir nhitng
tong quan trén tac gia quyét dinh chon dé tai: “Nghién cizu ché thao hé théng gia
nhiét cho dpng co siv dung nguén nhigt tir nwéc 1am mat”. Pong co du kién dé
tién hanh thiét ké va mé phong 1a dong co xe FORD ESCAPE.

1.3 Tinh hinh nghién ctru trong va ngoai nwéc.

1.3.1 Nghién ciru ngoai nudec.
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Trén thé gisi, cac nghién ciu vé viéc sir dung lai ngudn nhiét trén xe O to da duogc
thuc hién nhiéu. Hau hét cac nghién ciu nay chi tan dung nguén nhiét tir khi thai
dong co dé tao ra ngudn niang luong chinh d6 1a dién cho O t6 s dung. Dudi day la
mot s6 nghién ctru dién hinh.

Gan day, trén thé giéi bat dau nghién ctru cac phuong an thu hoi nhiét phat
thai trén 6 t6 nham giam luong tidu hao nhién liéu va 6 nhiém méi trudng.

Niam 2004, bo ning luong Hoa Ky bat dau quan tdim dén luong nhiét phét
thai trén & td. Chinh vi thé ho dua ra mot chuong trinh phat trién céng nghé thu
nhiét tir khi xa dong co 6 t6 kéo dai cho cac phong thi nghiém, cac truong dai hoc
va vién nghién ctru quéc gia. Cudi nam 2012 da nghiém thu vai hai ¢ong trinh tiéu
biéu.

Douglas T. va cong su [2] dd ché tao thanh céng cum may phat nhiét dién
chuyén tryc tiép nhiét thanh dién cung cap cho phu tai trén 6 t6. Cau tric cia may
phat dién nhu Hinh 1.1.

Hinh 1.1 Mat cat cAu tric bo thu hoi nhiét.
Cong trinh nay dwugc dau tu véi kinh phi dén 12 trigu USD trong d6 von tir
DOE a 7 triéu USD, 5 triéu USD con lai dén tir cac ngudn dau tu khac trong d6 co
BMW va Ford. Két qua thu dwoc c6 dic tinh nhu Hinh 1.2.
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Hinh 1.2: Bac tuyén két qua nghién ctru caa Douglas T.

Cong trinh ndy chu yéu tap trung phat trién co ché thu hoi nhiét phat thai
bang cach ché tao may phat nhiét dién dat trén duong ong xa, sir dung cip vat liéu
ban dan va dung chét long 1am mat va duoc thir nghiém trén xe Ford Lincoln va
BMW X6. Két qua nhu Hinh 1.2 cho thdy, c6ng suat may phat dién dat 700W,
nhiét 46 dau noéng cua cap nhiét dién dat 500° C va hiéu suat tiét kiem nhién liéu
ting 10%. Tuy nhién, céng trinh nay chi m&i nam trong phong thi nghiém, tén kinh
phi 16n va tudi tho chi dat khoang 6 thang. Két cau cua vat liéu ban dan phic tap
kéo dai theo su phan b nhiét do khong dong déu trén duong ng xa.

Cung nam trong dé &n nay, Gregory P. Meisner [3] ché tao bo thu hdi nhiét
V6i cac mb-dun nhiét dién tach roi. Mdy phat dién kiéu nay c6 ciu tric nhu Hinh
1.3.

Exhaust gas inlet

Cooling blocks

TE Modules

- '

"~ il Hot wde hea! exchanges
Exhaust gas outiet e

Hinh 1.3: Bo chuyén d6i nhiét dién cua Meisner
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Cong trinh nay tham gia hoi thao wng dung nhiét dién lan thir 3 ngay
21/03/2012 ¢ Baltimore, Maryland va bo nang lwong My dau tu vai kinh phi 12
triéu USD. Cong trinh nay sir dung mot bd thu hinh hop nho, det ¢6 bé rong 16n dat
trén duong ong xa dé 1am cham van téc khi xa ting thoi gian trao doi nhiét. Mat
ngoai cua bo trao ddi nhiét duoc bé tri nhiéu day cdc mo-dun nhiét dién duoc ché
tao tir vat liéu Skutterudite va Bi-Te, mat nong tiép xdc véi bo thu nhiét, mit lanh
tiép x(c voi nude 1am mat nhuw Hinh 1.3. Cac mo-dun nhiét dién duoc ché tao co
thong s6 khac nhau bé tri theo giai phan bd nhiét do dé bao dam thu duoc dién ap
bang nhau tranh su chénh ap theo mat d6 phan bd nhiét do trén bo thu. Doc theo
chiéu dai bo thu nhiét bé tri 2 viing cap nhiét dién tuy theo dic tinh ki thuat cua vat
liu ban dan. Ving gan cira vao c6 nhiét dd cao hon nén bd tri cac mo-dun vat liéu
Skutterudite va viing cudi gan cta ra bd tri cac mo-dun vat liéu Bi-Te c6 dic tuyén

lam viéc nhu Hinh 1.4.
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Hinh 1.4: Dic tuyén lam viéc cua cac chat ban dan.

Két qua nhu trong Hinh 1.5 cho thay khi dong khi vao bo thu c6 nhiét do
550° C nhiét @6 bén nong cua b Skutterudite dat 450° C va 250° C véi bo Bi-Te va
téng cong suat cua 24 cip Skutterudite va 18 cap Bi-Te dat 250W.
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[BTE Generator Development
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-

Hinh 1.5: B4 tri cap nhiét dién va phan bd nhiét d6 khi xa.

Tuy nhién, Meisner chi yéu tap trung nghién ctu phét trién cap nhiét dién
ban dan phu hop véi dai nhiét d6 khi xa ma chua quan tdm nhiéu t6i phwong an thu
nhiét. Kinh phi thuc hién cao, céng suit may phat chwa da cung cap cho phu tai
dién 6 t0, san pham chi méi trong phong thi nghiém ma chua thé san xuét dai tra do
quy trinh cdng nghé phtc tap.

Nam 2001, Jihad G. Haidar [4] nghién cau ly thuyét vé vat liéu cap nhiét
dién, khao sat phan b nhiét lugng va hiéu suat sir dung trong dong co ddt trong nhu
Hinh 1.6. Bong thoi dua ra thong sb thuc nghiém trén dong co Ruston Diesel
37kW.

Engine Shaft power | Cooling | Exhaust | Miscellaneous
Type Percentage of fuel heating value
Sl{Petrol) 25-28 17-26 3’-4-45% 3-15
Cl(Dicsel) 34-38 16-35 22-35 ! 3-8

Hinh 1.6: Phan phdi ning lugng trén dong co ddt trong

Két qua dé tai nay cho thay nhiét lugng & dong khi xa kha cao, chiém 3445(%) voi

dong co xang va 22-35(%) vai dong co Diesel.
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Power (W)

O 10 0 300 400 %00 e 700
Exhaust Gas Temerature (Tg)

Hinh 1.7: DBic tuyén cdng suat theo nhiét do.

Nhiét do khi xa dat trén 500° C véi muc tai 88% canh buém ga va toc do
1.800 RPM. B¢ thu nhiét duoc thiét ké kiéu ng tru, trao d6i nhiét ddi luu cudng
bic. Tuy nhién, chi b tri st dung 98 cap nhiét dién nén cong suit méi dat 45W &
muc dién ap 14V. Theo dé, cac cap nhiét dién bé tri dai trén duong ong nén khdng
ddng nhat vé nhiét d6 1am viéc.

Niam 2010, Kalyan k. Srinivasan va cong su [5] s dung ngudn nhiét khi xa
cap nhiét cho ndi hoi chay turbine kéo mdy phét dién nhu duoc mé ta ¢ Hinh 1.8.

Exhaust Gases Fuel + Air
(-

Simulated ===+
Turbocharger | t

Turbine e Wi = 10.0 KW

e W = 2.0 KW

Ti=304K
Pa=20MPa

P TexT09

Pe = 5437 WPa

Hinh 1.8: BG tri thi nghiém va théng s6 k§ thuat.
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Két qua cho thdy véi dong co Diesel 10,6 kW chay toan tai ¢ toc d6 2700
RPM, nhiét @6 vao bo sinh hoi thu duoc 1a 550° C va ra khoi bd sinh hoi 1a 350° C,
Turbine dat céng suat 2kW. Mac du cdng suat thu duoc kha cao nhung viéc ché tao
Turbine ¢& nho nhu vay 14 rat khé va c6 hiéu suat thap. Nhiét luong thu duogc tir khi
xa khéng chuyén truc tiép qua dién niang ma can phai qua mot chu trinh trung gian
la giam hiéu suit thu duoc tir khi thai. Bén canh dé, Turbine hoat dong véi &p suit
cao trong khi 6 td chuyén dong véi nhitng chan dong Ién hay va cham gay né binh
chira hoi nén murc d6 an toan thap.

Habib Aghaali ciing cong su [6] di nghién ctiu vé viéc thu hdi nhiét tir khi
thai dong co cho phan tng khéch dai trén dong co ddt trong - Pong co ddt trong
thai mot lwong Ion nang luong nhién liéu qua ong xa cua chung. Cac céng nghé
khac nhau di dugc phat trién dé thu hoi nhiét thai nhu tua bin, chu trinh day
Rankine, va may phat nhiét dién lam giam tiéu thu nhién liéu va khi thai CO2. Bai
bao ndy xem Xét toan dién nhiing phat trién va nghién cau mai nhat vé viéc duc 16
dé kham pha cac bién quan trong va cung cap thdng tin chi tiét vé viéc thuc hién
dong co phan luc hiéu suit cao. Ap dung cac cong nghé va khai niém khéac nhau
trén dong co khéch dai 1am cho viéc thu hdi nang lwong khi thai hiéu qua hon. Hiéu
suit tuabin dong mot vai trd quan trong trong viéc thu hoi nhiét thai nén thiét ké
tuabin 1a mot van dé quan trong trong viéc khuéch dai. Ngoai ra, su thay d6i vé hinh
hoc va téc d6 quay cua cac tuabin dién cho phép cic dong co khéch dai hiéu qua
hon trong cac diéu kién van hanh khac nhau. Két luan rat ra tir tong quan nay Ia
viéc khuéch dai phan luc 1a mot cdng nghé day hira hen dé giam tiéu thu nhién liéu
trong nhirng thap Ky téi trong ca dong co hang nhe va hang nang. Nghién ctru nay
noi vé viéc thu hoi khi xa dé nang cao hiéu suat dong co duoc thyuc hién trén dong
co khéch dai.

R. Saidur cing cong su [7] d4 nghién cau cong nghé thu hoi nhiét thai tir
dong co dot trong - Trong tdm cta nghién ciru ndy la xem xét nhitng phat trién va
cong nghé mai nhat vé thu hdi nhiét thai khi thai tir dong co dét trong (ICE). Ching
bao géom cac may phat nhiét dién (TEG), chu trinh Rankine hitu co (ORC), dong co
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IC sau ky va nhirng phat trién méi vé cdng nghé ting ap. Hon nita, nghién ctu da
xem xét kha ning tiét kiém niang lwong va hiéu suat cua nhiing céng nghé do.
Nghién ctru nay dua ra két luan rang véi nhiing phét hién méi nhat vé thu hoi nhiét
thai dé tang hiéu qua cua ICE, nhu cau ning luong thé giGi vé du tri nhién liéu hoa
thach can kiét s& giam va do d6 tac dong cua su nong Ién toan cau do phat thai khi
nha kinh s& bién mat.

M Akif Kunt [8] di c6 mot cudc diéu tra thir nghiém vé viéc tan dung
ngudn nhiét tir khi thai ciia dong co ddt trong dé ché tao may phat nhiét dién trong
cac diéu kién nhiét khac nhau cho dong co dot trong - Gén 70% nhiét duoc sinh ra
b6i qua trinh chay trong dong co dot trong bi mét do khi thai va lam mat. Trong qua
trinh gia nhiét, 25% chuyén ning luong nhiét chuyén héa thanh cong co ich. Pa c6
rat nhiéu nghién ctiu vé tai ché nhiét thai caa dong co dot trong, dac biét la trén cac
hé théng lam mat va hé théng xda. Mot may phat nhiét dién 1a mot cach quan trong
dé tai ché niang luong chat thai trong hé thong xa ctia dong co ddt trong. Cac thir
nghiém tai ché nhiét thai dugc thyc hién bang cach do dién ap, dong dién va gia tri
cong suét trong cac diéu kién nhiét khac nhau tuy thudc vao su thay doi cua dién tré
tai. Cac két qua thu dugc duogc so sanh véi két qua phan tich va thi nghiém. Gia tri
dién ap cuc dai & mic khang cu RI = 45Q thu duoc 1a 11,03 V (thi nghiém) va
11,22 V (phan tich), va gi4 tri 16n nhét hién tai tai RI = 5Q tai 13 0,42 A (thi
nghiém) tai Th = 250 ° C, AT =40 ° C. Trong nghién ctru nay, m0t may phat nhi¢t
dién lam mat bang khong khi duoc thiét ké dé tai ché ning luong nhiét thai trong
cac hé théng xa cua dong co dot trong va hi¢u suat cua n6 da dugce thu nghiém.

Assmelash Negas cung cong sy [9] di nghién ctru tdi wu hoa chu trinh
Rankine hitu co dugc str dung dé thu hoi nhiét thai ciia dong co thiét bi xay dung
v6i nhiét thai bo sung ciia bd lam mat dau thay luc - Muyc dich cta nghién ctru nay
1a cung cdp mot hé théng chu trinh Rankine hitu co tdi wu (ORC) dé thu hdi nhiét
thai (WHR) tir mot cong cu thiét bi xdy dung. May moc thiét bi xay dung c6 mirc
tiéu thu nhién liéu hang nim rét cao, va hau hét cong suat dong co dugc sir dung dé

diéu khién bom dau thuy luc, do d6 tao ra nhiét thai bo sung tir bd 1am maét dau thuy
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lrc. Két qua cua nghién ctiru nay cho thiy & diéu kién nira tai 13 diéu kién hoat dong
chinh, viéc st dung nhiét thai bo sung tur dau thuy luc co thé 1am tang san lugng
dién ludi cia ORC trong cong cu thiét bj xay dung 11% mic di & mic thap mo
rong nhiét do dau vao ma khong c6 bd thu hdi nhiét so voi hé théng khong c6 nhiét
dau thuy luc. Tuy nhién, viéc st dung nhiét thai tu dau thuy luc lam tang chi phi
cua hé théng do bd séy so b0 dugc st dung badi dau thuy luc va kich thudc binh
ngung ting 1én. Bai bdo ndy dua ra viéc tng dung nhiét thai ra tir dau thuy lyc dé
tao ra dién.

Dipak S. Patil cing cong su [10] da danh gia vé vat lidu nhiét dién va bo
trao d6i nhiét dé phat dién - Khoang 60-70% ning luong nhién liéu trong dong co
d6t trong bi mat do nhiét thai qua dng xa va chat 1am mat dong co. Do dé, cac ky
thuét thu hoi nhiét thai c¢6 thé duoc su dung dé tdng hi¢u qua cua dong co. Cac hé
théng nhiét dién dugc sir dung rong rdi dé chuyén d6i nang luong nhiét thanh ning
luong dién. May phat nhiét dién 1a mot trong nhitng ngudn nang luong xanh day
hira hen va la Iya chon hép dan nhat dé phuc hoi nang luong hiru ich tur khi thai
dong co. Mot bo trao doi nhiét hiéu qua cao, 1a mot bd phan khong thé tach roi caa
bo tao nhiét dién, 1a can thiét dé tang lugng nang lugng nhiét chiét xuat tir khi thai
dong co voi chi phi giam ap suat chﬁp nhan dugc. Cong viéc hién tai [a mot ban tom
tat cac vat liéu nhiét dién, va céc nghién clru trao doi nhiét vé tde do truyén nhiét,
tinh dong nhat nhiét va giam ap suit. B trao ddi nhiét véi cac cu trac bén trong
khac nhau ting cuong tbc d6 truyén nhiét va tinh dong nhat nhiét, 1am ting san
lugng dién va hiéu suat chuyén doi cia may phét nhiét dién. Bai bao nay da nghién
clru vé céc vat lidu nhiét dién cta bd trao d6i nhiét dung trong may phat nhiét dién.

Yiji Lu cing cong sy [11] d4 nghién ctru tham s6 cho hé théng lam mat
dong co quy mo nho va hé théng thu hoi nhiét thai bang cach sir dung cac bd cuc
chu trinh Rankine hitu co khac nhau - Bai bao nay trinh bay nghién ctru vé bon hé
thong 1am mat dong co khac nhau va thu hoi nhiét thai. Cac hé théng Chu trinh
Rankine hitu co st dung R245fa 1am chat long 1am viéc. Diéu tra tham sb cho thiy

nhiét d6 siéu nhiét c6 anh hudng han ché dén hé thong ORC c6 cau trac don gian
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(ORC_sim) véi hiéu suat tong thé khoang 6,2% va cong suat trung binh khoang
0,59 kW theo diéu kién dong co. Tdc d6 quay tdi da cta thiét bi mo rong khoang
4000 vong / phut theo ty 1€ lam mat va ty 1€ xa ctia dong co Yanmar (6.8 kW), ¢6
nghia 13 hé théng ORC duoc thiét ké c6 thé d& dang sir dung dé phat dién bang cach
két ndi truc tiép truc gidn may phat dién. Ty 1é giam BSFC cua ICE + ORC_sim,
ICE + ORCR 1 va ICE + ORC pre dudi cong suat dinh mic dong co lan luot 13
6,1%, 7,4% va 5,2%. Va hi¢u qua nang lugng téng thé hiéu qua béng cach tich hop
ORC sim, ORCR 1 va ORC pre vao ICE co6 thé duogc cai thién 6,5%, 8,0% va
5,4% trong diéu kién cong sudt dinh mtc dong co. Nghién ctru nay cho thdy viéc
g dung nhiét khi thai vao nang cao hiéu suét ciia dong co.

Sangki Park cung cong sy [12] da nghién ctru thuc nghiém vé hé théng luu
trit nhiét str dung vat liéu thay doi pha trong dong co diesel. Pong co thudng chi st
dung khoang 25% tong ning lugng nhién liéu cho dién, va phan con lai duoc thai
bo vao nudc lam mat va khi thai. Do d6, mét ky thuat st dung nhié¢t thai bén ngoai
12 can thiét dé cai thién hiéu suét nhién liéu vé téng muc ti€u thu nang lugng. Trong
nghién clru nay, mot h¢ théng luu trir nhiét dugc xay dung bing cach sir dung véat
lidu thay ddi pha dé thu hdi khoang 30% ning lugng nhiét bi lang phi thong qua 1am
mat dong co.

T6m lai, mac du da c6 nhiéu nghién ciru vé viéc tan dung lai ngudn nhiét trén
dong co ddt trong. Tuy nhién chii yéu la nhitng nghién ciu vé tan dung ngudn nhiét
tir dwdng dng xa dé tao ra ning luong dién, nang cao hiéu suit cua dong co... Viéc
tan dung lai ngudn nhiét trén hé théng lam mat ciing chwa duwoc nghién cau nhiéu.
Vi vdy ma viéc nghién ciu vé thu hoi nhiét trén hé thdng lam mét rat quan trong va
¢ y nghia to 16n dén suat tiéu hao nhién lidu va tudi tho ctia dong co dot trong sir

dung nhién li¢u xang.

1.3.2 Nghién ctru trong nuwée.

Lé Quang Vii [13] d4 nghién ctru ché tao may phat nhiét dién st dung

ngudn nhiét tir khi xa dong co. Strc néng tir khi thai dugc san xuat boi dong co dot
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trong 1a lang phi nang lugng trong xe. Do dd, nghién ctru tai sinh nang lugng nay la
nghién ciru chinh & nhiéu phong thi nghiém ¢ nudc ngoai. N6 ciing 1a muc tiéu
quan trong ma nhiéu cic nha san xuat 6 t6 nhu GM, Toyota mudn dat duoc trong
cac san pham cua ho. Theo cac nghién ctru gan day, dong co ddt trong di mét
khoang 40% ning luong trong hinh thirc nhiét phat thdi gy 6 nhiém moéi truong.
Trong luan an nay, “Nghién ctru tao ra may phat nhiét dién st dung nhiét nang
luong tir khi thai dong co “’bang cach ap dung hiéu tmg Seebeck dugc trinh bay;
diéu ndy may phat nhiét dién chuyén doi nhiét thai cua khi thai trong bo giam thanh
ning luong dién. Mot nguyén mau may phat dién nhiét dién dugc xay dung va thir
nghiém trén dong co SSFE trong hoi thao dién 6 t6 tai Pai hoc Ky thuat Gido duc
TP. Két qua thir nghiém khi dong co chay trong ché do chay khong tai hé thong cua
chung t6i tao ra ning luong dién khoang 30W, 14Vol. Sy phuc hdi ndy ning luong
6 thé cung cap cho mot sé hé thong dién 6 t6. Bén canh dé, sirc nong hé thong thu
hdi c6 thé 1am giam nhiét 46 ctia dong khi thai khoang 100° C. Céc két qua ctia mo
hinh todn hoc cua bd tao nhiét dién twong tu nhu két qua thir nghiém c6 16i thép.
Tuy nhién, vi cac ly do khac nhau cho nghién ciru nay chi xdy dung mot hé thong
thu hoi nhiét voi cong suat nho, khong co di kha niang thu hdi nhiét thai. Nghién
ctru nay c6 khong chuyén vé truyén nhiét va trao doi nhiét. Hé théng vira dugc thir
nghiém voi dong co & ché do chay khong tai. Tuy nhién, thanh cong budc dau cua
nghién ciru nay 1a quan trong diéu kién tién quyét dé nghién ctru thu hdi nhiét d6i
v6i khi thai 6 t0, giam tiéu thu nhién liéu hoa thach va gop phan chong bién ddi khi
hau.

T6m lai hau hét cac nhién ctru trong va ngoai nude déu tap trung nhiéu va viéc
tap dung lai nguon nhiét trén duong dng xa cua dong co dé tao ra nguon nang luong
dién...Vi vay ma viéc nghién cau hé théng thu hoi nhiét trén dong co dot va gia
nhiét cho dong co 1a mot nghién ciru ¢6 tinh kha thi cao. Hé thong nay da cd trén xe
Hybrid. Tuy nhién nghién ciu nay tao ra mot hé thong lap dat trén O td Ford

Escape va qua d6 danh gia duoc suat tiéu hao nhién liéu théng qua md phong.
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Nam 2010, PGS-TS L& Viét Luong cung cong su [14] da nghién ctru dé xuit
str dung ndi hoi kiéu MODUYN thu hdi nhiét phat thai trén dong co tau thay. Két
qua thtr nghiém cho thay vai ndi hoi c¢6 kich thude 1750x1250x1100, khi dong co
hoat dong 15 pht, &p suat ndi hoi da dat 6 kg/cm2, nhiét do khi xa chénh léch khi
di qua ndi hoi 1a 100° C. Nhu vay, nhiét do khi thai cé thé thu hoi tai st dung voi
tiém ning kha cao.

Nim 2013, Nguyén Ha Hiép va cong sy [15] da thi nghiém va thu thap théng
s6 ciia mot mo-dun nhiét dién véi két qua cho thay nhu Bang 1.1.

Bdng 1.1: Két qud thir nghiém TEG trén dpng co Toyota 7KE[2]

t.."C T At=t.—1,."C [OAY LA
185 387 1463 32 0.26
190 39.0 1510 3.4 0.28
200 395 160.5 35 0.30
210 40,0 170,0 3.6 031
22 412 178.8 3.8 032
224 420 182.0 39 033
230 45.0 1850 3.9 0.33
260 475 2125 4.0 0.35
270 490 2210 41 0.37
282 51.0 231.0 4.2 0.39

Theo két qua da cong b, ta thay rang khi nhiét do chénh Iéch gita mat nong
va mat lanh cia mo-dun TEG dat trén 200°C TEG bét dau cho dién ap tir 4,0V dén
4,2V. Nhu vay véi nhiét o nay ching ta cé thé méc néi tiép nhiéu md-dun TEG dé

c6 dugc muc dién ap cao hon str dung cho cac phu tai trén 6 to.

1.4 Muc tiéu dé tai.

Tat ca cac nghién ciru cua cac tac gia ¢ ngoai nudc, nhin chung cac tac gia nay
cha yéu tién hanh mé phong trén may tinh, d6 1a mét loi thé nham tiét kiém chi phi,
thoi gian va mang tinh ham lugng khoa hoc cao. Tuy nhién, céc tac gia chua nghién
ctru tan dung ngudn nhiét tir nude 1am mat dong co cho xe phd thoéng & thi truong
Viét Nam. Nhu vay, muc tiéu dé tai “Nghién cizu ché tao hé thong gia nhiét cho

déng co sira dung nguon nhiét tir nirdc 1am mat”. La xay dung mot co sé ly thuyét
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dic tinh tiéu hao nhién liéu cho dong co nham tao co sd dit liéu cho nhiing nguoi
nghién ciru tiép theo vé dé tai nay. Nghién ctu thiét ké hé thong thu hoi nhiét tir he
thdng giai nhiét trén O t6 va gia nhiét cho dong co trude khi khai dong. Tinh toén,
doc dir liéu dé phan tich, danh gia suét tiéu hao nhién liéu cia dong co théng qua
viéc giam thoi gian cam chimng luc dong co méi khai dong. Tur @6, rit ra cac uu
diém khi dang hé thdng gia nhiét nay trén xe phd thong.

1.5 Nhié¢m vu @@ tai.

Dé tai can 1am duoc rd cac noi dung sau:

- Nghién cau ly thuyét cua hé thong giai nhiét trén O t6 thong thuong, tir d6
rdt ra nhitng han ché hién tai caa hé thong.

- Tim hiéu vé viéc anh huéng cua nhiét ¢6 dén tudi tho va suat tiéu hao nhién
liéu trén dong co dot trong.

- Xay dung mé hinh, thi cong lap dit hé thdng, doc cac thong sé co ban nhu:
tbc d6 dong co & ché do ham néng, théng sb caa cam bién nhiét do nudc 1am
mat...

- So sanh, danh gia két qua va rut ra két luan.

1.6 Giéi han cia dé tai.

Dé tai thi cdng mé hinh, tinh toan céc thdng sé khoi dong lanh cho dong co xe
FORD ESCAPE, thuc nghiém doc c4c théng sé nhu suat tiu hao nhién liéu, thoi
gian cam chirng hdm néng dong co,...Tir d6 rat ra két luan vé sy hiéu qua khi ta gia
nhiét cho dong co, dé tai chi ding lai & mic doc dir liéu, so sanh.

1.7 Pdi twong nghién ciru.

Nghién cau hé théng giai nhiét trén mo hinh dong co 4 xy lanh phd théng
FORD ESCAPE. Céc cong cu can thiét cho viéc thiét ké hé théng. M6 hinh thu hoi
nuéc giai nhiét va gia nhiét cho dong co dugc lap truc tiép 1én md hinh xe FORD

ESCAPE. Phuong phap nghién citu mo phong.
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1.8 Y nghia khoa hoc va thuc tién.

a. Y nghia khoa hoc.

Dé tai xay dung mot ngudn tai lidu 1am co sé tin cdy cho qué trinh nghién cau
d6ng co. Tinh toan mé hinh hoa duoc cac théng sé cua dong co dua ra md hinh hoé
va mo hinh md phong. Nghién ctu vé sy anh huong caa nhiét ¢6 dén suét tiéu hao
nhién liéu, d6 bén, & nhiém moi trudong cua dong co, vu diém va nhugc diém cua hé
théng nay so vai khi khdng cé hé théng nay. Thu thap sb liéu dong co, mé hinh hoa
dugc dong co vao viéc md phong théng qua phan mém.

b. Y nghia thyc tién.

Viéc xay dung va md phong dong co bang phan mém s& dem lai mot s6 wu
diém: tiét kiém thoi gian, chi phi, cong stc... Diéu nay rat phi hop véi tinh hinh
nghién ctru trong nude ta hién nay. Bén canh dé, xay dung tién dé& cho viéc tng
dung thuc hién thuc nghiém & ngoai thuc tién dé danh gia duoc cac théng sé anh
huong, cac thong sé 1y tuong. Nhu vay, viéc nghién ctru ndy cd ¥ nghia ham luong
khoa hoc cao. Qua dé tai nay, tao tién dé co s& Iy thuyét viing chic vé hé thdng gia
nhiét. Tuy nhién, day 1a dé tai nghién citu kho va phic tap, mang ham luong tri tué
cao va can phai c6 céc thiét bi, cong cu hd tro hién dai khi tién hanh thuc nghiém.
Gia thanh cuaa cac thi nghiém réat dac tién, hang tram triéudong.

1.9 Phwong phap nghién ctru.

Qua trinh nghién ctru dé tai da st dung cac phuong phap chu yéu sau:

- Phuong phap khao sat dbi tuong.

- Phuong phap nghién curu tai liéu, internet.

- Phuong phap xay dung md hinh thé thdng .

- Phuong phap tinh toan thiét ké, mé phong, doc s liéu, so sanh.

1.10 Ké hoach thuc hién.
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van dé€ nghién ctru.
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luan van. Két thuc nghién ctru.
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Chuwong 2
CO SO LY THUYET

2.1 Ly thuyét truyén nhiét.
V& co ban c6 ba phuong thirc sau:

- Dan nhiét: 1a qua trinh trao d6i nhiét gitra cac vat chat c6 nhiét do khac nhau
khi tiép xdc truc tiép nhau. Trong qué trinh nay, nhiét lwong truyén qua, con vat
chat dang yén.

- Trao dbi nhiét dbi luu: xay ra gitra lwu chat (khi) va bé mit ran ma & d6 co
nhiét d6 khac nhau. Luc nay truyén nhiét gan lién véi dong chay.

- Trao d6i nhiét btc xa: Chu yéu la do trao d6i cua ning lugng song dién tur.
Trong trao ddi nhiét bic xa khéng can tiép xac. N6 13 qua trinh trao d6i nhiét qua
lai gitra nang lugng song dién tir va nhiét nang.

Cac dinh luat co ban chi phdi tat ca sy truyén nhiét 1a dinh luat thi nhat caa nhiét
dong luc hoc, thuong duoc goi 1a nguyén tic bao toan niang luong [7, 8]. Tuy nhién,
noi ning U, 1a mot dai luong khé phirc tap dé do luong va sir dung trong mé phong.
Vi vay, cac dinh luat co ban thuong duoc Viét lai trong diéu kién nhiét do, T. Boi
v6i mot luu chat, c6 phuong trinh nhiét 1a:

T dp

oT . oT
pCy (3 + w.V).T) = —(V.q) +T+512

(Z—’T) + (u. V)p) +Q
(2.1) trong do:

« p 1a khéi lwong riéng, kg/m3

« Cp la nhiét dung riéng dang ap, J/kg.K

« T 14 nhiét do tuyét d6i, K

« u 1a vector van tdc, m/s

« q 1 khéi luong riéng dong nhiét bang dan nhiét, W/m2

« p 14 4p suit, Pa

« 7 12 tng suat nhét tensor, Pa

« S 13 bién dang tensor, 1/s
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S ==~ (Vu+ (Vw7
« Q ngudn gia nhiét, W/m3
Xuat phat tir phuong trinh (2.1), mot s6 quan hé nhiét dong luc hoc di duoc st
dung. Phuong trinh ciing cho rang khéi lugng ludn ludn dwgc bao toan, cd nghia 1a
khéi luong riéng va van téc phai duoc lién hé thong qua:

dp
— + V. =0
P (pv)

Ché d¢ tng dung truyén nhiét tong quat sir dung luat Fourier vé dan nhiét, g thi ty l¢

thuan véi gradient nhiét do:

qi = kXL (2.2)

Oxi
Trong d6 k 1a hé s dan nhiét, W/(m.K). Trong chét ran, hé s6 dan nhiét c6 thé khac

nhau theo cac hudng khac nhau. Sau d6, k tré thanh mot tensor

kxx kxy kxz
k=\|ky ky, ky,
kzx kzy kzz

va mat d6 dong nhiét do dan nhiét duoc cho bang:

oT
q; = —Zkl_
J jax]'

Phan tha hai bén phai ciia phuong trinh (2.1) dic trung gia nhiét nhét cia luu chat.
Mot phan tuong tu Xay ra tir bén trong 1am giam do nhot caa chat ran. Toan ta ™"
thé hién ¢ dang thu gon va trong trudng hop ndy né cé thé dugc viét véi hinh thic

sau day:

a+b =Y Ym Gumbnm
2.3)

Phan the ba dic trung cho 4p sudt 1am viéc va mang ¥ nghia vat ly cho viéc gia
nhiét cia mot luu chat trong qua trinh nén doan nhiét va cho mét sé hiéu tng &m
thanh nhiét. N6i chung thanh phan nay cé gié tri nho dbi véi cac dong chay co sb
Mach thap.
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Thay phuong trinh (2.2) vao phwong trinh (2.1), sip xép lai cac phan va bo qua gia
nhiét nhét va ap suat 1am viéc ta dugc phuong trinh nhiét ¢ hinh thirc don gian
hon:

oT
pCp T

"+ V.(=KVT) = Q — pCp1. VT
(2.4)
Phuong thuc truyén nhiét thi ba d6 1a truyén nhiét birc xa. Nhiét buc xa biéu thi céc
dong song dién tir phét ra tir mot vat & nhiét do nhit dinh. Phan nay nghién cau ly
thuyét sau qué trinh truyén nhiét bic xa xay ra trén bé mit caa mot vat.
2.2 Pinh luat cap nhiét NEWTON.
2.2.1 Phat biéu dinh luat.
Mot nhiét luong dQ do mot bé miat dF caa vat thé co nhiét do tr cap cho moi

trrong xung quanh c6 nhiét d6 t. (hoac nguoc lai) trong khoang thoi gian drt thi ty

1& véi hiéu sb nhiét do gitra vat thé va mai trudng.
2.2.2 Cong thuec.

dQ = a (t; — t;).dF dr (2.5)

t;: nhiét dé cua vit thé (°C)
t,: nhiét do cua luu chét (chat long hodc khi) ("C)
a: hé so cﬁp nhiét (hé sO ty 1€)

dF: dién tich [m:'}

Néu quéa trinh tién hanh trong trang thai nhiét 6n dinh thi phuong trinh trén ¢

thé viét dudi dang.

Q=a(tr—t).Fr (2.53)
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2>Y nghia a: Khi F = Im”, c=lsvatr—t.=1thiQ=ua

Viy: Hé sd cﬁp nhiét a la luong nhiét do mét don vi bé mit cua vét thé cﬁp cho
mol truong xung quanh (hay ngugce lai nhdn nhi¢t tr moi truong xung quanh) trong
khoang thoi gian 1s va hiéu so nhiét do la 1°.

[ kcal }= W
| m*h°C m2C

Hé s6 cap nhiét o phu thudc rat nhiéu yéu to

= Thir nguyén cua o la: [a] =

- Loai chat tai nhiét: khi, long, hoi va ché do chuyén dong cua chat tai nhiét
(dong hay xoay) ciing nhu téc do chuyén dong cia nd. Néu téc do chat tai nhiét
tang thi chiéu day cua l6p chay dong & sat thanh thiét bi s& giam 1am cho nhiét trg

giam nén hé sé cap nhiét a sé tang.
- Kich thudc, hinh dang, vi tri va trang thai caa bé mat trao doi nhiét, ...

- Tinh chat vat ly cua chat tai nhiét: do nhot, do dan nhiét, khéi luong riéng,

nhiét dung riéng, 4p suat,...

Néu p, A, p, ¢ thi o. Nhu vay a con phu thudc vao nhiét o vi cac tinh chat Iy hoc
thay doi theo nhiét do.

- Nhiét do cua tuong.

Viy a duoc xac bang nhitng yéu té thay dong luc hoc, vat ly va hinh hoc. Quan
hé gitta o v&i cac yéu td dé rat phic tap, do d6 khong thé néu thanh mot cong thic
ly thuyét chung dé tim a ma chi ¢ nhitng cong thic thuc nghiém cho ting trudong

hop cu thé riéng.

Hién nay, phuong phap thuc nghiém van dong mot vai tro quan trong dé cung
cap nhitng sb liéu can thiét cho ky thuat. Tuy nhién viéc nghién cau bang thuc
nghiém ciing gap nhiéu kho khin béi vi qua trinh trao d6i nhiét d6i lu twong doi

phtic tap, phu thudc nhiéu yéu té. Ngoai ra, phuong phap thuc nghiém con mang
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tinh cuc b cua ting truong hop cu thé, néu ap dung ly thuyét déng dang, nhiing

kho khin trén c6 thé giam di rat nhiéu.

Phuong phap dong dang 1a mot phuong phap khoa hoc, nhd n6 chiing ta c6 thé
dem két qua nghién ciu cua hién tuong céc biét suy rong cho céac hién tuong dong

dang.

% Céc chuén s dong dang.
e Chuan sé Nueslt (Nu): Dic trung cho cudng do trao doi nhiét gita
chét tai nhiét va thanh thiét bj.

o - hé s cﬁp nhiét |[W.-"mjdc3}|
) - hé s6 dan nhiét (W/mda)

| : kich thude hinh hoc (m)

Néu Ia 6ng thi 112 duong kinh 6ng, con néu la tim thang dung thi | 1a chiéu cao.

e Chuan sb Prantl (Pr): Pic trung cho tinh chat vat ly cua chat tai nhiét.

C u
Pr=— (2.7)

C,, : nhiét dung riéng ding ap cua chat tai nhiét (J/kg dd)
L : do nhot cua chat tai nhiét {N.s.-"mz}
A - hé s6 din nhiét (W/m’ d6)

e Chuan sé Reynold (Re): Pic trung cho ché do chuyén dong cudng
birc ctia chat tai nhiét.
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lv.p
R =
e o (2.8)

1 : kich thuée hinh hoc

v - toc do chuyén dong cua chit tai nhiét (m/s)
p - khéi luong riéng cua chit tai nhiét (kg/m’)
L : do nhot cua chat tai nhiét {Ns.-"mj}

e Chuan s6 Gratkov (Gr): Dic trung cho ché d6 chuyén dong trong ddi
lwu tu nhién.

5 L
gl _ y=5=
Cri _—}": LY p

(2.9)

g gia toc trong trurong (m/s%)

I: kich thude hinh hoc (m)

v: d6 nhot dong luc hoc {mi.-"s}

i : do nhot cua chit tai nhiét (Ns.-"mj}

p : khoi lugng riéng cua chat tai nhiét {kg-"msj

B: hé s6 dan no thé tich theo nhiét d6 cua chat tai nhiét (1/°C)

At: hiéu so nhiét do giira thanh thiét bi va moi truong (°C)

Duya vao y nghia ctia c4c chuan so trén ta ¢d thé thanh Iap mot phuong trinh

chuan sé téng quét dat trung cho qua trinh dic trung cho qua trinh trao doi nhiét doi

Iuru.
Nu =f (Re, Pr, Gr)
Tuy truong hop cu thé ma phuong trinh trén ¢ thé don gian hon.
- Néu 1a déi luu tu nhién, ta khong xét dén chuan sé Re:
Nu = f (Pr, Gr)
- Néu 1a ddi luu cudng birc, ta khong xét dén chuan sé Gr:

Nu = f (Re, Pr)
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- Néu nghién cau sy trao d6i nhiét cua cac khi co nguyén tir dong nhét thi
chuan sé Pr cd thé coi 1a mot dai luong khong doi (su bién doi chuan sé Pr
theo nhiét do rat it).

Néu 1a dbi luu tw nhién: Nu= f(Gr).

Néu 1a dbi luu cudng budc: Nu = f(Re)

Qua trinh thuc nghiém cac chuan sb trén thuong duoc thuc hién dudi dang ham
s6 mii.

Nu = C. Re" Pr™. Gr"
C, k, m, n la nhimg hfmg 50 xac dinh l'.afmg thue nghiém.

Khi biét chuin sé Nu. ta c6 thé xac dinh duoc hé sb cfip nhiét o theo cong thire:

Nu A (2.6a)

Chu y: Khi st dung cac két qua thuc nghiém ciia phuong trinh chuan sé can chi y

dén viéc chon nhiét d6 xac dinh va kich thude xéc dinh.

Nhiét d6 xac dinh: 1a nhiét d6 duoc dung dé chon céc théng sé vat ly trong
cac chuan s6 ddng dang. C6 nhiéu cach chon nhung phé bién nhat c6 3 dang: nhiét
d6 véch tr, nhiét do trung binh caa chat long (khi) tu va nhiét do trung binh cuaa lép

bién t = 0,5(tt + t). Trén cac chuan s6 dong dang thudng co ghi rd diéu nay.

Kich thudc xac dinh: 13 kich thuéc cd anh huong chinh dén qué trinh trao doi
nhiét va duoc dua vao sir dung trong cac chuan sé dong dang. Tuy theo dic diém
cua qua trinh trao doi nhiét cu thé ma kich thudc nay c6 thé khac nhau.

Vi hé sb cap nhiét a 1a mot dai lugng rat phuc tap nén ta khdng thé tién hanh
thi nghiém dé thiét 1ap 1 cong thtc tong quat duoc ma chi xac dinh hé sb cp nhiét
o dbi vai timg trudng hop cu thé riéng biét d6i voi mdi thiét bi riéng biét. Sau day 1a
mét s6 cong thirc thuc nghiém pho bién dung dé xac dinh hé sb cap nhiét. [10]

2.3 Suit tiéu hao nhién liéu va hiéu suat tiéu hao nhién liéu.
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Suat tiéu hao nhién li¢u m; duge do bang téc do luu lugng — luu luong khoi
luong trén don vi thoi gian. Muc tiéu hao nhién lidu riéng (sfc) duoc tinh bang ti lé
lru lugng nhién lidu trén don vi cOng sut dau ra, 1a thdng sé c6 duoc dyua vao cong
thirc:

sfc = m?’ (2.10)

Ning lwong nhién lidu cung cap duogc xac dinh bai khéi lwong nhién liéu cung
cap cho dong co tuwong tng v4i mot chu ky so véi nhiét tri cua nhién liéu. Vi thé

hiéu suat chuyén ddi nhién liéu duoc xac dinh boi céng thic:

My = = == (2.11)

Trong do:

- 74 higu suat chuyén doi nhién liéu,

- my. khéi lugng nhién liéu hiéu dung d6i véi mot chu trinh,
- We: cong trén chu ky,
- nr: s6 vong quay cua truc khuyu cho mdi ky sinh cong trén xy lanh,
- Qnuv: gid tri nhiét tri caa nhién liéu.
Ta co thé viét lai:
_ 1
sfc.Q.y

7 (2.12)

2.4 Phan mém mé phéng.
2.4.1 Gi6i thiu.

Trong nghién ciru nay tdi ding phan mém thiét ké CATIA.

CATIA 1a mét géi phan mém toan dién hd tro CAD/CAM/CAE hoan chinh
dugc nghién ctu va phét trién boi hing Dassault Systemes, day 1a mét trong nhitng
phan mém Ion nhiéu tap doan 16n trén thé gidi trong cac linh vuc vé cdng nghiép 6

t0, cong nghiép hang khong, co khi hang nang.
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Catia la phan mém thudc truong phai dan hinh nén rat manh vé Surface dé dung
mat cong tu do trong thiét ké, do d6 hoc Catia ban c6 thé 1am viéc & cac cong ty 16n
nhu: Toyota, Honda, Ford, Boieng.

Phan mém catia c6 day du cac tinh ning va modul dung trong k§ thuat, tir thiét
ké, gia cong, kim loai tim, thiét ké mat, thiét ké cao cip, modul han, phan tich mé
phong,..

Hién tai voi hon 170 modul duoc tich hop,da dé dap ung tat ca nhu cau sir dung
trong tat ca cac nganh nghé co khi ,0 t6,hang khong kién tric,dién ta,hé thong
duong ong ...Va cac modul nay c6 thé mua riéng dé dap ang phd hop véi ting

nganh nghé.

CATIA

Hinh 2.1: Biéu tuong cua CATIA. [16]

Tiép dén toi dung phan mém COMSOL dé mé phong nhiét.

Multiphysics xir Iy cac md phong lién quan dén nhiéu mé hinh vat ly. Vi du nhu
la két hop dong hoc hda hoc va dong luc hoc chat 1ong hoac 1a két hop giira phan tir
hitu han voi dong luc hoc phan tir. Multiphysics thuong lién quan dén giai cac hé
lién thdng cua phuong trinh vi phan.

Comsol Multiphysics 13 mot phan mém da nén tang phan tich phan tir hitu han,
giai va xtir ly mé phong. N6 cho phép nguoi dung st dung cac giao dién dua trén

kién thirc vat 1y thong thuong va cac hé lién thong ctia phuong trinh vi phan ting
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phan(PDE). COMSOL cung cap mét IDE (phian mém cung cap cho cac lap trinh
vién mot moi truong tich hop bao gom nhiéu cong cu khac nhau) va quy trinh 1am
viéc théng nhat cho cac tng dung co dién, co khi, chat long va héa hoc. Mot
AIP(API 1a cach dé cac phan mém (hé diéu hanh, ¢ng dung, cac module trong hé
théng doanh nghiép v...v...) giao tiép voi nhau va tan dung ning lyc caa nhau) cho
Java va LiveLink cho MATLAP c6 thé sir dung dé kiém soat phan mém bén ngoai,
va cung mot API cung duoc sir dung thdng qua Trinh chinh stra phwong phép
(Method Editor).

Pé md phong céc thiét bi va hé thong lién quan dén cac mé hinh dong chay tinh
vi. Cung cap cac giao dién vat ly sin sang duoc cau hinh dé nhan cac dau vao md
hinh théng qua giao dién ngudi diung d6 hoa (GUI), va sir dung cac dau vao nay dé
xay dung cac phuong trinh mé hinh. Céc giao dién vat ly cy thé ma Mo-dun CFD
dugc trang bi cho phép ban md hinh hau hét cac khia canh cua dong chat long, bao
gom cac md ta cua cac ludng phuong tién nén, khdng nhiét, phi Newton, hai pha va
X6p — tat ca trong cac ché do dong chay va hon loan. Mé-dun CFD c6 thé duoc st
dung nhu mét céng cu chuan dé md phong dong luc hoc chét long (CFD), hoic phdi
hop véi cac md-dun khéc trong bo san pham COMSOL dé mé phong da ludng noi

Iru lugng chat long.

COMSOIL )
MULTIPHYSICS®

Hinh 2.3: Biéu tuong cia COMSOL. [17]
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Chuong 3
THIET KE MO HINH HE THONG

3.1. Gi6i thiéu vé hé théng lam mat trén O t6 hién nay.

Hé thdng 1am mat 1a mét trong nhitng hé théng quan trong trén cac mau xe
hoi hién nay. N6 gilp giai nhiét dong co va giir cho dong co lam viéc ¢ nhiét do on
dinh.

Trong qua trinh 1am viéc cua dong co, khi nhién liéu chay trong budng dét co
mot lugng nhiét 16n bi téa ra bén ngoai va lugng nhiét sinh ra do sw ma sat cua cac
chi tiét bén trong dong co. Vi vay hé théng lam mat ra doi nham gitp dong co lam
viéc 6n dinh trong bat ctr diéu kién nao.

Hé thong lam mat gitp cho dong co lam viéc 6n dinh dudi mot nhiét ¢ cho
phép. Néu lam mat khong day du, kip thoi thi dong co va cac chi tiét s& bi qué nhiét
gay ma sat 16n, dau nhét mat tac dung boi tron, piston bi b6 Ket, gy hu hong cac
chi tiét bén trong dong co.

T —— T p—

is opened by the melting
and expanding of the wax inside.

Water channels in
the block and head

Heater blower fan
Top radiator hose i

Hose from heater

Hose to heater from block.
Radiator core

How the coolant circulates

A typical water-cooling system with an engine-driven
fan: note the bypass hose taking off hot coolant for
the heater. The pressure cap on the expansion tank
has a spring-loaded valve which opens above a
certain pressure.

Bottom tank

Drain tap Engine-driven fan

Water pump
Bottom radiator hose

Hinh 3.1: So d6 tong quat cua hé théng lam mat trén O t6 hién nay. [18]
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Hé thdng 1am mat bang nudc 1am mat thong thuong trén O t6 hién nay co
nhiéu wu diém nhung bén canh d6 ciing c¢6 nhiéu nhugc diém dang noéi. Pong co dot
trong 1a mot dong co sinh nhiét. Pong co hoat dong tét nhat ¢ 85°C-102°C. Vi vay
trong qué trinh khoi dong, ECU phai diéu khién phun nhiéu nhién liéu lam ting sé
vong quay dong co 1én, muc dich 13 1am cho dong co néng nhanh nham muc dich
tang tudi tho cua cac chi tiét bén trong dong co. Nhung chinh vi 18 d6 ma luong
nhién liéu can cho qua trinh khoi dong ton rat nhiéu. Bai toan dit ra ¢ day 1a 1am thé
nao dé ta c6 thé giir lai nudc giai nhiét khi con nong va khi Iic chuan bi khoi dong,
nudc giai nhiét con ndng nay sé gia nhiét cho dong co. Viéc gia nhiét nay c6 hai loi
ich 1a: khi d6 nhiét d6 dong co ciing kha cao vi vy ma thoi gian cam chung s&
giam, diéu nay dong nghia vdi viéc tiét kiem mot lugng nhién liéu dang ké, va con
tang tudi tho cua dong co.

3.2 Giéi thiéu tong quan vé hé théng thu hdi nhiét ciia nwéc giai nhiét.

Hé thng thu hoi, luu trit nuée 1am mat dong co da duoc 1am néng baoi dong
co va luu trit n6 trong binh chira nude 1am mat. Sau d6, hé théng cung cap chat 1am
mat néng ndy cho dong co truéc khi khoi dong dong co lanh, dé 1am ndng trudc
cong nap cua dong co. Piéu ndy c6 hiéu qua lam giam khéi lwong phun nhién lidu
trong qua trinh khoi dong nguoi, giam thiéu do bam dinh cua nhién liéu 1én bé mat
cua dudng 6ng nap, bé mat thanh xylanh nham ting tudi tho dong co va giam luong
khi thai HC, CO.

Hé thdng nay bao gdm: binh chira nude 1am mat, bom nude 1am mat luu trit

nhiét, van nuéc, cam bién nhiét do binh chira nuge va ECM.,

3.2.1 So @6 caa hé thong.
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Coolant Heat
Heater Core Storage Tank
I
Engine Coolant ,
Water Pump
Temp. Sensor (for Heater)

\ I
—_
E F ‘Water Valve
Cylinder Head

1 _ )
— Coolant Heat Storage
Water Pump

Valve Tank Outlet Temp. Sensor
{for Engine)

Paosition
Hensir

| Coolant Heat

Storage Water Pump
Cylinder Block 1 f
. | Water
Radiator _| ECM Pump Relay

Hinh 3.2: So d6 hé théng. [19]

3.3 Cau tao tirng b phan.
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Engine Coolant to/from Heater Core
Temp. Sensor o

Water Pump
(for Heater)

Coolant Heat
Storage Tank

Water Valve

Coolant Heat Storage Tank
Outlet Temp. Sensor
Coolant Heat Storage Tank t
Outlet Temp. Sensor )

Coolant Heat Storage Water Pump

to/from Engine Block
to/from Water Valve

View from A

Hinh 3.3: B6 cuc cua cac bo phan chinh. [20]
%+ Chtrc nang cua cac bo phan chinh
e Binh luu trir nuwéc 1am mét: Cat gitr nude 1am mat dong co di duoc
lam nong bang dong co va gitr am.
e Bom nudc binh luu trit: Pugc ECM kich hoat théng qua mét role,
bom nay cung cip nudc 1dm mét tir binh chira nuwdc 1am mat cho dong
co va thu hdi nuée 1am mét tir dong co va luu trit n6 vao binh chia

nudc lam mat.
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e Van nuéc: Pugc ECM kich hoat, van ndy chuyén cac duong 6ng 1am
mat dong co theo cac didu kién diéu khién hé théng.

e Cam bién nhiét do bé chua nuéc 1am mat: Nam & dau vao binh chira
nuéc 1am mat, cam bién nay xac dinh nhiét d6 nuéc 1am mat dong co
do tai dau vao cua binh chira nugc 1am mat, gui tin hiéu dén ECM dé
kich hoat bom nudéc.

e ECM: Nhan tin hiéu cac cam bién nhiét do binh chtra, cam bién nhiét
dd nude lam mat dé diéu khién bom nuéc vao va ra binh luu trir mot

cach chinh xac.

3.3.1 Cau tao ciia binh lwu trir nwéc [am mat.

Binh chira nugc 1am mét 1a mot thing chira cach nhiét dugc lam bang thép
khong gi va c6 cau tric chan khong kép. N6 ¢6 thé luu trit khoang 3 lit nudc lam
mat dong co va gitr am.

Khu vuc day cua bé chira nuéc 1am mat chia 2 duong dén cho nudc lam mét

dong co, bd cam bién nhiét ¢ dau ra cua binh chira nuwdc 1am mat va mot nat xa.

Coolant Heat Storage Tank
Inner Casing Outlet Temp. Sensor
Outer /L Yy
Casing ™~ | / - Drain Plug
z _4»// (Yellow Color)
%\’{' 5\ (I
Vacuum State Drain Plug S | BB\
N A—gi:'/ (Yellow Color) / :“j/ N L4
Coolant Heat Storage Tank
Outlet Temp. Sensor
Coolant Heat Storage Tank Cross Section View from the Bottom Side

Hinh 3.4: CAu tao chi tiét caa binh chira nudc lam mét [21]
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CHS Tank Outlet Temperature Sensor ECM
4 N
I_ ? 5V
R
THW
{ W—
famryyy— E2
LN L L — >
| 777
o J

Hinh 3.5: So d6 mach cta cam bién nhiét d6 dau ra cua binh chtra. [22]

Ohmmeter

Resistance @
kQ

30r
20r

10
S

e L
L

EI'I.‘I‘- Temperature “C (°F)

20 0 20 40 60 80 100
() (32) (68) (104) (140) (176} (212)

Hinh 3.6: D4 thi biéu dién dién tré cua cam bién nhiét d6 dau ra cua binh chaa wng

véi nhiét d6 nudc trong binh. [23]
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Hinh 3.7: Binh chra nudc lam mat.

3.3.2 C4u tao ciia bom nwée binh luu trir.

May bom nudc nay chira mét dong co DC duoc diéu khién bang nguon dién
12V ~ 14V.

ECM van hanh mot role dé van hanh may bom nudc nham cung cap chat
lam mat nong tir bé chira nude 1am mét cho dong co (hoat dong truéc khi 1am néng)
va thu hoi chat 1am mat néng duoc luu trix trong bé chira nudc 1am mat trong khi xe
duoc dung lai (1G-OFF).

E:llril;e - P Specifications
Pump Type Centrifugal Pump
Motor Type DC Brush Motor
Flow 14V 23.5L/min
Volume 12V 21.0L/min
Discharge 14V 32 kPa (4.6 psi)
Pressure 12V 25.5kPa (3.7 psi)

To Coolant Heat Storage Tank

Hinh 3.8: Thong sb ky thuat caa bom. [24]
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Hinh 3.9: Bom nudc binh luu trit.

3.3.3 C4u tao ciia van nwéc.

Van nuéc nam trong doan lam mat dong co giita dong co, két sudi va binh
chtra nude 1am mét. N6 chuyén d6i cac doan 1am maét dong co khi vi tri caa van
quay.

Van nuéc bao gdom mét van quay, cam bién vi tri van, thiét bi giam téc va dong co
dien.

Cam bién nay, nam phia trén van quay, dua ra mot dién ap twong ung Voi

vong quay cua van quay véi ECM.
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Valve Position Valve Position Gears
Sensor _ Gears Sensor /I\
..':.. A e j R
"J : '_T' i

to/from Coolant
Heat Storage Tank

N\
|

{ ) / o
= = L ® 7 "\3
= NCL . @) H
I'\.: o F
- .
to Electric Motor Rotary Valve Electric Motor
Heater Core

toffrorﬁ 255EG21
Engine Cross Section
Hinh 3.10: CAu tao cua van nuéc. [25]

¢ Hoat dong cua van nudc.

to/from
0 Coolant Heat
Storage Tank

1 8

Heater Core
to/from
Engine

Rotary Valve Cross Section

Hinh 3.11: So d6 nguyén ly cta van nudc. [26]
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Hinh 3.12: Van nudc.

ECM xac dinh vi tri hién tai caa van quay phu hop véi dién ap dugc dau ra
boi cam bién vi tri caa van. Nham chuyén ddi vi tri ciia van quay dé chuyén cac
doan lam mat dong co, dong co dién van hanh van quay.

ECM chuyén van quay vé 3 vi tri duoc chi ra bén dudi, phi hop véi ché do

diéu khién cua hé théng lIuu trit nhiét nudc 1am mat.
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W

* Preheat Operation * Storage Operation * No Storage Operation
(During Driving) (Engine Running)

P Rotary Valve Position

* Storage Operation
(After Power Switch OFF)

* Power Switch OFF

Hinh 3.13: Ba vi tri hoat dong cta van nudc. [27]

3.4 Nguyén Iy hoat dong cia hé thong.

Trude khi dong co hoat dong (dong co con ngudi), hé thong luu trit nhiét 1am
mét cung cip chat 1am mat néng duoc luu trir trong binh chira nudc lam mat cho
dong co dé lam néng nip may dau xylanh. Sau khi nhiét 46 dong co dat dén 90°C,
hé thdng nay bt dau thu hdi chat 1am mat ndng tir dong co.

ECM diéu khién hé théng nay bang cach thuc hién cac chic niang sau theo
biéu d6 thoi gian dugc mo ta dudi day: hoat dong gia nhiét, van hanh dong co, hoat
dong luu trir (trong khi lai xe) va van hanh luu trir (IG-OFF).

Dé nhan biét nhiét d6 nuéc cua binh chira nude 1am mét va bat thuong trong
bom nude 1am mat luu trir nhiét, ECM c6 thé diéu khién bom nude lam mat luu trix
nhiét hoat dong khoang 5 gio sau khi cong tic nguon dugc TAT ngay ca khi cong
tac nguon 1a TAT (IG-OFF).

3.4.1 Ché dé gia nhiét.
Véi diéu kién dong co lanh va 1IG-ON, ECM s& van hanh may bom nudc luu

trir nhiét 1am mét va van hanh van nudc dé chuyén doi cac doan 1am mat dong co.
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Do d6, hoat dong lam nong so bo bat dau, voi nude lam mat noéng duogc luu trir
trong binh chira nudc lam mat dugc bom vao dong co. ECM s& khong thuc hién

hoat dong 1am ndng trudc néu diéu kién khdng phai 1a ¢ trén.

Nhu mét quy luat, dong co khong hoat dong trong qua trinh hoat dong gia
nhiét. Hoat dong gia nhiét dugc hoan thanh sau vai giay.

Engine Coolant Temp. Sensor

Water Valve

Coolant Heat
Storage Tank

Outlet Temp. Sensor

From Coolant
Heat Storage Tank

Heater Core

Coolant Heat
Storage Tank

et R
R <l < 4

- s . . Coolant Heat Storage Tank
Cylinder Head Outlet Temp. Sensor

Hinh 3.14: So d6 nguyén ly hoat dong ¢ ché do gia nhiét. [28]
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3.4.2 Ché a@o khéi dong.

Sau khi hoan thanh qua trinh lam néng so bg, ECM ngung bom nudc lam
mat luu trit nhiét, va van hanh van nude dé chuyén doan lam mat dong co, dé ngin
dong chay cia nudc 1am mat tir binh chira nude 1am mat dén dong co.

Két qua 13, dong chay ctia nude lam mat dong co vao binh chira nuéc 1am

mét bi gian doan, va khoi dong dong co binh thuong bat dau.

Fogts Cotlnt Tamp: Sensor To/from Heater Core

Water Valve

Coolant Heat
Storage Tank
Coolant Heat Storage Tank
Outlet Temp. Sensor
To Heater Core
Heater Core
From Engine : - | Coolant Heat
| Storage Tank

Engine

Coolant Heat Storage Tank

Cylinder Head Water Outlet Temp. Sensor

Valve

Hinh 3.15: So d nguyén ly & ché a6 khoi dong. [29]
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3.4.3. Ché d lwu trir (Trong khi xe dang chay).

Sau khi khoi dong dong co dd hoan thanh, ECM véan hanh van nuéc dé
Chuyén cac doan lam mat dong co, dé guri nude lam mat nong dugc dun nong béng
dong co vao két sudi va binh chira nuée lam mat (dé bao quan chat 1am mat nong).

Trong qué trinh bao quan, may bom nudc luu trir nude lam mat dang & trang
thai dirng, do d6 nuéc lam mat déng co duoc tuan hodn boi bom nudce dong co.

Khi binh chtra nudc 1am mat dugc 1am diy bang nudc lam mat ndng, ECM s&
chuyén cac duong lam mat bang céch van hanh van nudc (cung cap clng vi tri van

nudce nhu hoat dong cua dong co khéi dong) va ngung hoat dong Iuu trir.
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Engine Coolant Temp. Sensor
To/from Heater Core

Water Valve

Coolant Heat
Storage Tank

Coolant Heat Storage Tank
Outlet Temp. Sensor

To Coolant

T Fleates Core Heat Storage Tank

Heater Core

From Engme Coolant Heat
‘ Storage Tank
Engine b
Coolant Heat Storage Tank

Cylinder Head j %};alter J Outlet Temp. Sensor
I alve
Water J
Pump*
OFF

Radiator

Hinh 3.16: So d6 nguyén ly hoat dong cua ché do luu trit khi xe dang chay. [30]
3.4.4 Ché a6 luu trir (1IG-OFF).

Néu cong tic ngudn dugc TAT (IG-OFF) truéc khi khdi phuc chat 1am mat
nong da dugc hoan thanh trong khi lai xe, ECM s¢& kich hoat bom nuéc lam mat
bang nhiét va van hanh van nudc dé chuyén cac doan 1am mat dong co, dé bao quan
dung dich lam méat ndng vao binh chtra nuéc lam mat. Tuy nhién, hoat dong nay sé
khong duoc thuc hién néu dong co khong di nong.

Thao tac nay dirng sau khi n6 tiép tuc trong vai giay.
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Engine Coolant Temp. Sensor

= Water Valve
: Coolant Heat
Storage Tank

Coolant Heat Storage Tank

Qutlet Temp. Sensor

From Coolant
Heat Storage Tank

Heater Core

To Engine

e

by e $4 4h

P’E; 2

;§, i Coolant Heat
8 Storage Tank

Engine ’—.—"
: Coolant Heat Storage Tank

Cylinder Head @ Water | Outlet Temp. Sensor

= Valve |

3 |
i - Water
% L. Pump*
% ON
- .
W : 2’ " 'JJS

Hinh 3.17: So d6 nguyén Iy hoat dong cua ché d6 luu trit (1G- OFF). [31]
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Power Switch ~ IG-ON  READY 1G-OFF

| A by
Con —— ’i
HV ECU o l | | I :
ON ' : : : :
ECM [}[—'J-'_Ii | f I—
Water Pump O™ ! I I |
OFF ' ' *

Engine

: Preheat Operation

: Engine Warm-Up Operation O
: Storage Operation (During Driving)

: Storage Operation (1G-OFF)

e Lo I =

Hinh 3.18: Biéu db thoi diém cua ting ché do. [32]

3.5. Xac dinh céc thong sb cira mo hinh thi nghiém.
- Tc @6 cam chung khi khoi dong lanh.
- bién &p cua cam bién nhiét d6 nudc 1am mat.

- Thoi gian cam ching khi khai dong lanh.

3.6. Xay dwng lwu dd thuat toan va so dd mach dién cia hé thdng.
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ECM
Waker Valve [ A
el 1 WaL1
WoLE WEL2
4 o

WaEaD
o AWBAD
e | Ve
EZ) ~EZ

; CHS Tank Dutlet

Temperature Sansor

Mo. 2 Engine Room Relay Block

| THWZ
L1

CHF WP

@ g
DC/iDC E1
oW

C@ CHS Water
Fump \ J

CHS WIP Fustble
Link MAIN
Bock

Engine Room Relay Block

Hinh 3.19: So d6 mach dién cua hé théng. [33]

Cac bo phan chinh & so d6 trén gdém cé: van nudc (Water valve), bom nuéc
cta binh luu trit (CHS Water pump), cam bién nhiét d6 nudc trong binh chiza (CHS
Tank outlet temperature sensor), hop diéu khién (EDM).

Cac bo phan nay chia 1am ba phan: Phan tin hiéu dau vao, phan diéu khién
trung tdm va phan bo chap hanh. Cam bién nhiét d6 nudc trong binh sé& gii tin hiéu
dén bo phan diéu khién trung tdm, b phan diéu khién trung tdm sé& diéu khién bom

nuéc, van chia sao cho phi hop véi tirng ché do van hanh cuaa hé thng.
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P(R-E> | No
F =

fes
NOo | RL1=0ON
RL2=0FF
es
Fo++
RL1=OFF e par-e
RLZ2=0N
No
Tes
PCE-R-T)
Mo
PCE-R)
¥
End

Hinh 3.20: Luu d6 thuat toan cua hé théng.

Sac: Tin hiéu tir céng tic may

P(R—E): Vi tri van cho nudc di tir két nudc dén dong co

F: Bién dé thay d6i thoi gian bom ban dau (preheat)

RL1: Relay diéu khién bom nuéc

RL2: Relay diéu khién cong tic IG (cho khoi dong dong co sau khi Preheat
thyc hién xong)

Te: Nhi¢t do cua dong co

Tt: Nhiét @6 nudc trong binh gitr nhiét
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P(E-R-T): Vi tri van cho nuéc di tir két nu6e dén dong co va dén binh giir
nhiét
P(E-T): Vi tri van cho nuéc di binh giit nhiét nudc dén dong co
Luuy:
e Hing sb 10 thoi gian preheat hoat dong (cé thé thay d6i khao sat thuc
té)
e Hing sb 90 1a nhiét & hoat dong 6n dinh cia dong co (co6 thé thay doi

khao sat thuc té)

3.6.1. S6 chan Digital va chan Analog can sir dung.
e 3chan Analog: 2 chan cho 2 cam bién nhiét do (dong co, binh gitr
nhiét), 1 chan diéu khién vi tri cua van nudc.
e 5 chan Digital: 1 chan nhan tin hiéu cong tat mdy, 1 chan diéu khién
relay cho dong co khai dong, 2 chan diéu khién van nuéc, 1 chan diéu

khién bom nudc.

3.7. Tinh toén tén thit nhiét trong qua trinh hAm néng déng co.
3.7.1. Ton that nhiét trén éng tir binh chira vaoe dong co.
Diéu kién ban dau cua hé théng.
e Nhiét d6 nudc trong binh chira 70°C do qué trinh that thoat nhiét xay
ra theo thong s6 k§y thua caa binh chia.
e Dung tich binh chua khoang 4kg nudc.
Ta c6 6ng nudc la mot vat thé hinh try, cho nén ¢ trudng hop nay ta thay

rang nhiét luong truyén qua vach éng duoc tinh boi cong thuc.

Q _ 2nAM(Tw-Tkk)
< AV WT KK 3.1
L ln(gi) (3.1)

Trong do6: Q: 1a nhiét lwong téa ra (W)

L: 14 chiéu dai doan 6ng nudc (M)
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A 13 hé sd truyén nhiét cua éng nuéc (W/m.C)
Tw : nhiét do caa nudce giai nhiét. (C)
Twx : nhiét do cua khong khi (C)
d2 : duong kinh ngoai cua dng nuée (m)
d1 : duwong kinh trong cua 6ng nudc (m)
Dwa vao md hinh thuc té ta cé:
L: 14 chiéu dai doan 6ng nudc 0.6 (m)
A 1 1a hé s6 truyén nhiét ciia 6ng nude 0.05(W/m.C)
Tw : nhiét do cua nudc giai nhiét. 70°(C)
Tw : nhiét do cua nudc giai nhiét. 30°(C)
dz : duong kinh ngoai ciia ng nudc 0.04(m)

d1 : duwong kinh trong cta éng nudc 0.036(m)

Ta thay cac gia tri vao cong thac 3.1

Ta duoc:

Q _ 2m0.05(70-30)

- 0.04
0.6 ln(0.036)

Suy ra nhiét lugng toa ra Q= 71,53 (W)

Ta lai c6: Q=m.C.(T1—T2) (3.2)
V6i: m 1a khéi luong nudéce giai nhiét: 4 (kg)

C la nhiét dung riéng cta nudc giai nhiét: 4186 (J/kg.K)

T1 1 nhiét d6 cua nude ban dau: 70°(C)

T2 1a nhiét do cua nudc sau khi dd mat mat mot lwong nhiét luong
nhét dinh (C)
Ta thay cac gia tri vao cong thic 3.2 ta duoc

71,53 = 4.4186(70-T2)
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Suy ra nhiét d6 sau khi ton hao trén duong ong sau 1s cua nudc giai nhiét 1a
khoang: 53,81°C.

Vi vy, lugng nhiét ton hao trén duong 6ng 1a khong dang ké.

3.7.2 Lwong nhiét tén hao cia nwéc lam mat khi di vao déng co.
Vi phan 16n cac dudng nude giai nhiét trong dong co 1a dang vach cho nén ta
c6 cong thirce NEWTON dé tinh toan nhiét lugng that thoat.
Q=a.F(Tw- Tkk) (3.3)
Trong d6: o hé s6 trao d6i nhiét d6i luu. (W/m?2.K)
F dién tich bé mit trao ddi nhiét. (m?)
Tw nhiét d6 trung binh cua chat long. (°K)
T nhiét d6 trung binh caa bé mat véach. (°K)
Ta c6 a 1a mot hé sb toa nhiét phu thudc vao rat nhiéu yéu té.
o=f(Tw, Tkk, @, A, ....... )
Chinh vi vay ma a dugc xac dinh tir thyc nghiém bang phuong phap 1y luan dong
dang.

Ta c6 chuan sé Nuselt.

a | (3.4)

o - hé s6 cfip nhiét {\'u".-"lnld@}l
X - hé sb dan nhiét (W/mdd)

| : kich thudce hinh hoce (m)

Nu= f(Re, Gr, Pr)

Truong hop nay 1a trudng hop truyén nhiét ddi luu cudng bic cho nén ta tinh toan
hai chuan sé d6 1a: Prantl (Pr) dic trung cho tinh chat vat ly cua chat tai nhiét va
Reynold (Re) dic trung cho ché do chuyén dong cudng birc cua chat tai nhiét.

.« Pr=cit (3.5)
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Ta co: Nhiét dung riéng ctia nudc Cp = 4186 (J/kg.K) (tra bang tiéu chuan)
D6 nhét tuyét ddi caa nude 1am mét u = 0,798 (N.s/m?) (tra bang tiéu
chuan)
Hé s truyén nhiét cia nuée A = 0.05(W/m.C) (tra bang tiéu chuan)
Suy ra chuan s6 Pr = 2004,2568

e Re= lv.p
U

Ta c6: Kich thudc hinh hoc 1 = 1.5 (m)
Tbc d6 chuyén dong cia nudc v = 0.15 (m/s) (thdng sé ki thuat cua
bom)
Khai lugng riéng cia nudc p = 1000 (kg/m?3) (Tra bang tiéu chuan)
D6 nhét tuyét ddi cua nuéc p = 0,798 (N.s/m?) (Tra bang tiéu chuan)
Suy ra chuan s6 Re = 281,95.
Vi 1a mot hé c6 cau tao phirc tap cho nén viéc tinh todn mat mat nhiét co
nhiéu su chénh Iéch so véi md phong va thuc nghiém. Viéc tinh toan nay chi ding &
mutc d6 tam chap nhan duogc, cho ta dinh hinh dwgc bai todn md phong trén phan

mém va c6 cai co s dé ta ddi chiéu lai véi két qua md phong.
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Chuwong 4
KET QUA VA THAO LUAN

4.1 Muc tiéu mo phéng.

Vi 1a mét hé truyén nhiét phuc tap cho nén ta tdi uvu héa qua trinh truyén
nhiét ciia nude luu trit mot cach don gian nhat. Nhung van dam bao két cau k§ thuat
cua so do hé thdng, théng sé ki thuat caa hé théng.

Xac dinh nhiét lugng ma nudce luu trir trao doi vai khdng khi théng qua khoi
dong co trong thoi gian hAm néng. Bén canh d6 ta ciing xac dinh thém céc théng s6
vi dy nhu: tbc d6 nudc tuan hoan, luu lugng nudc, ap suat nude. .. Tir d6, rat ra sy
nhitng danh gia, su khac biét ma hé thong nay mang lai.

4.2 Thiét ké md hinh md phéng.
4.2.1 Xac dinh bai toan mo phaéng.
e Cac thong so dau vao, diéu kién bién.

Bang 4.1: Gia tri dau vao cua hé thong.

Cac thong sb dau vao Giatri
Nhiét d6 nudc vao dong co 70°C
Van tdc nudc giai nhiét trong dong 0.5m/s
co
Ap suat nuée giai nhiét trong do co 1,5 bar
Luu lugng dong chay 0.1kg/s
Nhiét d6 khong khi quanh dong co 30°C
Ap suat khong khi quanh dong co 1 atm
Téc d6 khong khi quanh dong co 0 m/s

Ta chon vat liéu chinh cua hé théng 13: nudc giai nhiét, khong khi, dong co
lam bang gang.

Dang truyén nhiét cua hé thong nay 1a truyén nhiét d6i luu cudng burc.
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4.2.2. Thiét ké md hinh cia khéi déng co cin mod phéng bang phan mém
CATIA.

Pau tién tdi sir dung phan mém CATIA vao modul Part Design dé thiét ké md
hinh don gian cua khdi dong co bao gdm 3 phan: khéi gia lap dong co, khéi gia lap
duong nuéc tuan hoan trong dong co, khdi khong khi bao xung quang dong co.

e Khdi dong co.

K CATIAVS - [Partl.stp] -
EJ st ENOVIAVSVPM File  Edit View Inset Tools Window  Help “E=

' 3. SP00FES D ‘ B L E % 2 O ceometicaiset v

100 5

NS 80 @ P BE0Y wTésAQ 080066 3 2588 @ »AGS ¥

Hinh 4.1: Khéi dong co.
Khéi dong co ta thiét ké don gian, gia 1ap 1a mot khéi thong nhat co duong
nudce vao va duong nudce ra. BPong co nay co kich thudc: cao 60cm, rong 30cm, dai
60cm.

e Khdi nuéc giai nhiét.
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Y CATIAVS - [Part2.stp] - X
I Stat  ENOVIAVSVPM File  Edit View Inset Tools  Window  Help - & %

7 V20 oFé @ '@ OLE % E & ceometrica et

eRs. e v e BAESY nFénQALA06EE B3 248 & »A@2 ¢

Select an object or a command

Hinh 4.2: Khéi nudc giai nhiét trong dong co.

e Khéi khong khi bao quanh dong co.

Y CATIAVS - [Part3.stp) - X
I Stat  ENOVIAVSVPM File  Edit View Inset Tools  Window  Help - & %

2 I OFOCS @ L3 8 % 8 O somicisa

NeE8s. B @ & BASY %EenAsB008E 3 2468 & 2962 ¢

Select an object or a command

Hinh 4.3: Khéi khong khi bao quanh dong co.

Sau d6, ta vao Modul Assembly Design dé lap céi khdi nay thanh mot hé thong
nhat.
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Y CATIAVS - [Product.stp]

B stert

ENOVIAV5VPM  Eile

N4

Edit

View lnset Tools Analyze  Window Help

LR @ AR wTesAQBO0EE -0

HHPRELDBVESE OPPATIET

#

5 & WY

S0 LR LA

LBk

Select an object or a command

Hinh 4.4: Khéi dong co, nudc giai nhiét, khdng khi.

Budc dau xay dung md hinh mé phong di xong va ta luu file dinh dang file

dudi stp dé phan mém COMSOL nhan duoc. Tiép theo, ta dua mé hinh nay vao
phan mém COMSOL dé tinh toan md phong truyén nhiét va xuat ra két qua nhiét

lwong hao tén cua nudce giai nhiét, nhiét do con lai sau khi gia nhiét vao dong co, ap

suat nudc giai nhiét, van toc nudc... theo thoi gian gia nhiét.

o INEHE > WO R - em Phuoc.mph - COMSOL Multiphysics - X
Home | Definitions  Geometry  Materials  Physics  Mesh  Study  Results  Developer
P; Parameters = Import ~o
& = : | (@ e B = mE 5 T
A a= Variables - & o Livelink - 3 B L + | | = z
Application Component Build Add Heat Add Build  Mesh Compute Study | Add Pressure Add Plot Windows  Reset
Builder - T Functions ~ All Material | Transfer + Physics =~ Mesh 1+ 1+ | Study (spf) + Group ~ +  Deskiop +
Modlel Builder ~* Settings Graphics Add Study | Add Material
- v E1ELE - em Phuoc.mph v Dy bl REBER Add to Component =
4 % em Phuocmph (roat) ~ Protection N | =) B & Add to Selection
4 () Global Definitions o [ Search

Pi  Parameters
2t Materials
4 T Component 1 (comp )

Editing not protected | Set Password

Running not protected | Set Password

b %2 Recent Materials
b [ Material Library

b = Definitions ™ Used Products b [3 Built-In
b Geomennyd COMSOL Multiphysics E ‘; ;acti[:rices and Fuel Cells
‘ v “:‘_Et;:"a'r;m) CAD Import Module mm 200 b B Bicheat

CFD Module b g} Building

I ziz Castiron (mat2)
b sk Water (mat3)
4 | @ Heat Transfer (ht)

~ Presentation

b Au Equilibrium Discharge
b 43 Liquids and Gases
bR MEMS

B Solid 1 Title:
58 lid 1 o 600 b M Nonlinear Magnetic
= Description: ~ e
B8 Init b i) Optical
B Initil Values 1 N - §
% Thermal Insulation 1 800 . o -200 400 E = Efane'e_‘t”‘
(mw Temperature 1 Y- T - 200 ; = R::amemtw\ty
i Outflow 1 z mm =
i Temperature 2
Progress Log Evaluation 3D
T.:u‘tﬂm:t‘l . e Messages Prog g
4 5 it Flow, k-
om ot Bretion F’]ﬂ Computation time b
IR Vet Expected: COMSOL Multiphysics 5.3.1.229
1 Inital Velues Opened file: CAUsers\Administrator Desktophem Phuoc.mph
T Wall1 Last: Bmin 375
o Inlet 1 Thumbnail
= Outlet 1
- Inlet 2

Hinh 4.5: Giao dién can thiét 1ap cua phan mém Comsol.
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Bt dau nhap nhirng thong sb dau vao nhu di néu & trén, nhap vt liéu cho

tirng khdi va diéu kién bién cho bai toan mé phong.

T

Model Builder - Settings G
s Se 5 E Mesh 2}
b = Definitions [ Build Al [~]
[ Geometry 1
4§28 Materials Label: Mesh1 E
b 25 Air (mat])
[ &gs Castiron (mat2)
b ziz Water (mat3)
B Heat Transfer (ht)
= Solid 1
T Fluid 1 Element size:

i
o
1

.

¥ Mesh Settings

Sequence type:

[

Physics-controlled mesh hd

= Initizl Values 1 Extremely coarse -~

T Thermal Insulation 1 400

= Temperature 1

mw Outflow 1

= Temperature 2

mw Qutflow 2 _
4 7% Turbulent Flow, k-2 (spf) 800

B= Fluid Properties 1 y‘]\x m 200

i Initial Values 1 e

T Wall 1

 Inlet 1 Messages  Progress Log  Evaluation 30

= Outlet1 \

|\
- Inlet2 .
= Outlet 2 COMSOL Multiphysics 5.3.1.229

~ Opened file: C\Users\Administrator\Desktoplem Phuoc.mph
3 .“;3 Multiphysics

A Mesh 1
b~ Study 1
b IS Results

200 400

Hinh 4.6: M6 hinh ludi.

Tiép theo ta vao Mesh ta chia lugi cho md hinh, & day ta chi chon ché do
chia ludi tu dong. Sau khi chia lugi xong ta tién hanh Compute. Bi vi md hinh
nay véi may tinh ram 4G thi chay ra két qua tim 20 phut vi d3 dugc don gian hoa
dé phu hop véi diéu kién mé phong.

4.3 Két qua md phéng.

4.3.1 Su trao doi nhiét cia khoi mo hinh.

“olume: Temperature (degC)

600 -400

mm

-200

-90f 155
50
45
40
35

30

Hinh 4.7: Biéu dd thé hién nhiét d6 cua khéi mé hinh.
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Hinh 4.8: Biéu do thé hién mat cit ngang nhiét d6 cua khdi mé hinh.
Ta thay rang, su truyén nhiét khac nhau tir dau vo dén dau ra caa mé hinh.
Do thi biéu dién nhiét 46 cua khdi nude giai nhiét truyén vai khdng khi bén ngoai
thong qua dong co. Do cling chinh la nhiét d§ ma nudc giai nhiét da gia nhiét cho
dong co dé ham néng dong co chuan bi cho giai doan khai dong.
4.3.2 Cac thong co ban cia khoi nwéc giai nhiét.

o Nhiét d¢

Volumé™Memperature (degC)

o  -l00

£59.9
59.8
59,7
69.6
59.5
69,4
69,3

69,2

Hinh 4.9: Biéu d6 thé hién nhiét 6 cua nudc giai nhiét trong dong co.
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NN

'?7 69.17

¥

Hinh 4.11: Biéu d thé hién mat cit ngang nhiét do caa nudc giai nhiét trong dong
CO.

Nhitng d6 thi & trén thé hién nhiét d6 cua nudc trao ddi vai khdng khi trong

1 giay. Nhin chung thi nhiét do khdng mat di dang ké. Ctr sau 1 gidy nudc s& trao

d6i nhiét v4i khong khi xung quanh dong co va nhiét d6 nudc sé giam di 0.7°C.
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Luan Van Thac S§
e Van téc nuéc.
Isosurface: Velocity magnitude (m/s) o
= 0.58
= ! fe{ 0.46
] |
I|I |
I 0.35
| |
gﬂ = 0-24
100 200
- 0.12

Hinh 4.12: Biéu d6 thé hién toc do nudc chuyén dong trong dong co.

e Ap suat nwoc.
i Wolume: Pressure (Pa) o
600
400 . -400 X%DSEI
200

© .79

B 1y
8500 |m

-800

1.5

Hinh 4.13: Biéu db thé hién &p suat nuéc phan bo trong dong co.
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4.3.3 Cac thong co ban cia khoi dong co.
e Nhiét d9.

Volume: Temperature (degC)

1% 6914
69.3

69.2

\Z'y ) 69.1

Hinh 4.14: Biéu db thé hién nhiét d6 ciia dong co duoc gia nhiét.

Slice: Temperature (degC)

69.4

69.3

69.2

Hinh 4.15: Biéu d thé hién mat cit ngang nhiét d6 cua dong co duoc gia
nhiét.
Ta thay rang, nhiét do cua khdi dong co ciing gan bang nhiét d6 cua nudc

giai nhiét.
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4.3.4 Cac thong co ban ciaa khéi khong khi.
e Nhiét d9.

Volume: Temperature (degC)

X
z ._jy 30

Hinh 4.16: Biéu do thé hién su phan bd nhiét do cua khdi khéng khi.

Slice: Temperature (dBgt)

-400 -200 0 200

' VYVVVVVVV Q

Hinh 4.17: Biéu dd mat cit ngang thé hién su phan b nhiét d6 cua khdi
khong khi.
Biéu do phan bd nhiét & trén cho thiy duogc truong nhiét d6 ma khéi khéng

khi d4 trao ddi v6i khdi nudc 1am mat thong qua dong co 1a vat trung gian.
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4.4 Thao luan.
O day ta chon thdng s6 k¥ thuat ciia xe Ford escape dé c¢6 co so thao luan
dua trén cac két qua da mo phong duoc.

Théng sb ky thuat cua hé thdng giai nhiét trén xe ford escape ¢ trang thai khai dong

lanh.
Bang 4.2: Bang thong sb k§ thuat cua xe ford escape.
Théng s6 Gia tri Khoang gi4 tri
Toc do dong co & ché do 1900 v/ph [0...5000]
ham néng.
Gia tri cam bién nhiét do 30°C [-20...120]
nudc lam mat dong co
(Nhiét do).
Gia tri cam bién nhiét do 45°C [-20...120]
nudce khi két thic ché do
ham nong.
Gia tri cam bién nhiét 4o 2.6V [0...5]
nudc lam mat dong co
(dién ap)
Phy tai 30% [0...100]

e M0 ta hoat dong thuc té cua xe
Khi khai dong xe, toc d6 dong co & ché dd ham nong 1én dén gan 2000 v/ph.
Nhiét d6 nuéc lic nay ¢ trang thai binh thuong la 30°C. Gia tri dién 4p cua cam
bién nhiét do nuéc vao khoang 2.6V. Sau thoi gian 1 phut thi tbc do dong co vao
khoang 800 v/ph. Nhiét do nudc lam mat lic nay la khoang 45°C. Gia tri dién ap
cam bién nhiét d6 nudc lam mat con khoang 2.2V. Biéu nay ching to thoi gian ham
noéng dong co cua xe ford escape chi trong vong khoang 1 phit tuy vao diéu kién

nhiét d6 moi truong.
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Thoi gian ham néng dong co nay dién ra trong vong khoang 1 phat. Xe duoc
phun mét lwong nhién liéu nhiéu hon binh thudng dé cho hdn hop nhién lidu tro nén
giau hon. Vi vao budi sang mdi chi tiét trén duong dng nap con & nhiét d6 thap, néu
phun it nhién liéu thi mot lwong nhién liéu s& bam vao nhitng chi tiét trén duong
dng nap, dan dén hién tuong xe s& khé nd.

Dua vao két qua mo phong bén trén thi ta danh gia rang nudce tir binh nudc
lwu trir s& lam ndng so bo & phan nip mdy, nudc trong binh luu trir tim 70°C do ¢6
mat mat nhiét d6 qua dém, theo thong sé ky thuat caa nha san xuat. Khi dugc bom
ra thi lugng nhiét tir nwdc néng nay s& trao d6i véi khong khi, dong co sé& 1a chat
trung gian cho su trao doi nhiét nay. Nhiét do cua dong co luc nay chinh bang nhiét
d6 nudc ham ndéng. Trong qua trinh hdm nong khoang 40 giay thi luwgng nhiét trao
d6i vai khong khi 1a khoang 28°C .Vi két qua mo phong bén trén trong 1 gidy nhiét
d6 cua nudc giam 0,7°C. Do d6 , nhiét d6 ciia nudce sau khi trao doi nhiét vai khdng
khi 12 con khoang 42°C. Véi két qua nay ta so sanh véi thdng sé ki thuat cua xe

Ford Escape thi n6 cé thé bo ludn ché do ham nong dong co.
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Chwong 5
KET LUAN VA PE XUAT

5.1 Két luan.

C6 rat nhiéu cach dé cai thién viéc khai dong khi dong co con lanh.
- Ham ndéng dong co truac khi khai dong.

- Ham néng dau boi tron.

- Pha lodng dau boi tron.

- Say nong khong khi khoi dong.

- Ham ndng nhién liéu.

- Lam giau thém kha ning ty bdc chay cua nhién liéu.

Thong qua viéc tinh toan mé phong thi ta thay rang. Viéc sir dung lap dat he
théng nay Ién xe 6 td pho thong dung bom nude co va xe ¢ hé thong phun nhién
licu trén dudng 6ng nap, thi ché do ham néng khi khoi dong cia dong co khong con
nita. Piéu ndy c6 ¥ nghia rat Ion trong viéc tiét kiém nhién liéu, ting tudi tho dong
co, giam 0 nhiém moi truong do khi thai trén 6 to.

Trén xe phd thong doi cit bay gio thi ché do nay van con. Piéu nay cho thiy
mot lwong nhién liéu duoc phun nhiéu vao budi sang dé gitp dong co dat duoc
nhiét d6 tdi thiéu dé hoat dong 6n dinh. Ngoai ra thi lugng nhién lidu du con bam
vao duong dng nap va thanh xilanh dong co s& tran xuéng rira trdi man nhét gii bac
xecmang va xilanh 1am cho sy boi tron trong qué trinh piston di 1én xuéng khong
con tét. Tinh trang ndy kéo dai din dén thanh xylanh s& mau bi xudc va bac
xecmang sé mau mon hon. Bén canh d6 luong xing du chay khong hét s& thai ra
dng xa gay 6 nhiém mai truong.

5.2 Kién nghi.
Mic du dé tai chi ding & viéc tinh toan, md phong va so sanh cho nén cac

thong s khdng chinh xac mot cach tuyét d6i. Nhung, sau khi mo phong va tinh
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toan thi ta thiy rang hiéu qua ma hé théng nay mang lai Ia rét tich cuc. Hé thdng
nay hoan toan c6 thé ché tao va lap dat thuong mai hoa trén xe pho théng.

Tuy vay, dé tai ciing chi ding lai & mc tinh toan, méd phong viéc so sanh sy
t6i wru cua xe khi gan hé théng nay va khi chwa gan. Dé tai nay chua di sau vé tinh
toan luong nhién liéu tiéu hao bao nhiéu hay tinh toan nhitng thdng sé k¥ thuat cua
hé théng. Chinh vi thé viéc tinh todn mé phong nhu thé ndy ciing mé ra mot huéng
di m&i trong viéc tinh toan thiét ké hé thdng, ang dung cac cong nghé, hé théng trén
xe hién dai dé cai thién nhitng nhugc diém ma xe 6 t6 pho thong doi cii con mac

phai.
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NGHIEN CUU CHE TAO HE THONG GIA NHIET CHO PONG CO SU
DUNG NGUON NHIET TU NUOC LAM MAT
STUDY ON CREATING THE HEAT SYSTEM FOR ENGINE USING HEAT

SOURCE FROM COOLING WATER
[] PGS.TS. P Vin Diing , @KS. Mang Tan Thu
! Triwong Dai hoc Su pham Ky thugt TP.HCM
2Hoc vién Cao hoc triong Pai hoc Su pham Kj thugt Tp.HCM

TOM TAT
Tir khi déng co dot trong ra doi, d6 ciing chinh la nén cdng nghiép bdt dau phat trien manh
mé, nhu cdu si dung xe 6 td ngdy cang phé bién, theo thoi gian thi nguon nhién liéu hoa
thach ngay cang can Kiét, do dé nhu cau cap thiét dat ra cho cac nha nghién citu dé la lam
sao cai tién mgt cach cé hiéu qua vira dam bdo tinh kinh té, ki thudt, méi trieong va dé bén.
Nhue ta di biét dong co dot trong muén hoat déng tot nhat 1a trong déi nhiér d@é tir 85° C —
102° C, thuc té khi mdi khai déng vao budi sang thi déng co van con lanh theo nhiér dé moi
truong. Chinh vi vgy ma cac nha nghién ciu da tinh todn dwa ra gidai phap 1a phun mét luong
nhién liéu di 16n dé cho dong co nhanh néng lén dé dat dai nhiét do t6i wu. Véi y trong nay
thi c6 nhitng diém hgn ché 1a: thiz nhdt mét lwong nhién ligu sé bj thai ra méi truong gay 6
nhiém va lam tiéu hao nhién liéu hon mitc binh thong, thir hai la heong nhién lidu con lgi
trong buong dot khéng chay dwoc sé rira troi nhét béi tron va lam mai mon dan xecmang va
xylanh déng co. Véi y twong 1a 1am sao cho nhiét dé dong co khi khoi dong lanh tién gan hon
V6i ddi nhiét dé hoat déng t6i weu ciia dong co, dé la tan dung nguon nhiét tir niéc giai nhiét
dé gia nhiét cho dong co trieéc khi khdi dong lanh. Bang cach siz dung phan mém mé phong
dong lic hoc Catia két hop véi phan mém md phong nhiét Comsol, nghién cizu du dodn sudt
tiéu hao nhién ligu ciia déng co mgt cach chinh xac va hiéu qud vira tiét kiém duoc thoi gian
va nguon chi phi. Trong ludn van nay t6i sir dung phan mém Matlab ding dé tinh toén toc do
cam ching, thoi gian cam chang, sudt tiéu hao nhién liéu cia qua trinh khéi dong c6 hé
thong gia nhiét va khéng cé hé thang gia nhiéz cho déng co. Tir d6 so sanh hai trwong hop va
rat ra két lugn.
Tir khod: dong co; hé thdng gia nhiét cho dong co; suat tiéu hao nhién liéu; téc d6 cam
chirng; thoi gian cam chirng; truyén nhiét; phan mém CATIA; phan mém Comsol.
Abtract:
Since the introduction of the internal combustion engine, it is also the industry that began to
develop strongly, the demand for cars is becoming more and more popular, over time, the
source of fossil fuels is increasingly exhausted, because It is an urgent need for researchers to
improve the efficiency of the economy, technology, environment and durability. As we know
the internal combustion engine wants to work best in the temperature range of 850 C -
1020C, in fact when it is started in the morning, the engine is still cold according to the
ambient temperature. Therefore, the researchers calculated the solution is to spray a sufficient
amount of fuel to let the engine heat up quickly to reach the optimum temperature range.
With this idea, there are limitations: the first amount of fuel will be discharged into the
environment causing pollution and fuel consumption than normal, and the second is the
amount of fuel remaining in the combustion chamber. Combustion will wash away lubricant
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and gradually wear out the cylinder and engine cylinder. The idea is to bring the engine
temperature on cold start closer to the optimum operating temperature range of the engine,
which is to take advantage of the heat source from the cooling water to heat the engine before
starting cold. By using Catia fluid dynamics simulation software in conjunction with Comsol,
the study predicts engine fuel consumption accurately and efficiently while saving time and
cost. In this dissertation, | use Matlab software to calculate the moderation speed, time delay,
fuel consumption of the start process with heating system and no heating system for the
engine. From there compare the two cases and draw conclusions.

Keywords: engine; heating system for the engine; fuel consumption rate; moderate speed,;
time moderately; heat Transfer; CATIA software; Comsol software.
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1.GIO1 THIEU

Hién nay, c6 nhiéu cong trinh khoa hoc tap
trung giai quyét van dé trén caa dong co dbt
trong nhu nang cao hiéu suat, giam khi thai
gay 6 nhiém. Nhiéu nghién cru mé phong
duoc ap dung nhiéu trong cai tién dong co
chu yéu la cai tién duong 6ng nap, cai tién
duong ong xa, riéng véi dé tai toi chon cai
tién vé suat tiéu hao nhién ligu, tang tudi tho
dong co va giam khi thai gay 6 nhiém moi
truong bang hé théng gia nhiét dong co.
Douglas T. va cong su [1] da ché tao thanh
cdbng cum may phat nhiét dién chuyén truc
tiép nhiét thanh dién cung cip cho phu tai
trén 6 td. Cau tric cua may phat dién. Cong
trinh ndy duoc dau tu véi kinh phi dén 12
triéu USD trong d6 von tir DOE 13 7 triéu
USD, 5 triéu USD con lai dén tir cac nguon
dau tu khac trong d6 c6 BMW va Ford. Két
qua thu duoc c6 dic Cong trinh ndy chu yéu
tap trung phat trién co ché thu hoi nhiét phat
thai bang cach ché tao may phat nhiét dién
dit trén dudng ong xa, sur dung cap vat liéu
ban dan va dung chat long 1am mét va dugc
thir nghiém trén xe Ford Lincoln va BMW
X6. Két qua cho thay, cong suat may phat
dién dat 700W, nhiét d6 dau néng cua cap
nhiét dién dat 500° C va higu suat tiét kiem
nhién liéu tang 10%. Tuy nhién, cong trinh
nay chi méi nam trong phong thi nghiém,
tén kinh phi 16n va tudi tho chi dat khoang 6
thang. Két cau cua vat lidu ban dan phuc tap
kéo dai theo sy phan bd nhiét do khéng
ddng déu trén duong ong xa. Cung nam
trong dé an nay, Gregory P. Meisner [2] ché
tao bo thu hoi nhiét véi cac mo-dun nhiét
dién tach roi Cong trinh nay tham gia hoi
thao tng dung nhiét dién lan thir 3 ngay
21/03/2012 ¢ Baltimore, Maryland va bo
nang lugng My dau tu véi kinh phi 12 triéu
USD. Cong trinh nay st dung mot bo thu
hinh hop nho, det c6 bé rong Ion dit trén
duong ong xa dé 1am cham van téc khi xa

tang thoi gian trao doi nhiét. Mat ngoai cua
bo trao ddi nhiét dugc b tri nhiéu day cac
mo-dun nhiét dién dugc ché tao tir vat lidu
Skutterudite va Bi-Te, mat nong tiép xuc voi
bo thu nhiét, mat lanh tiép xic véi nude lam
mat Két qua nhu trong Hinh 1.5 cho thay khi
dong khi vao bo thu c6 nhiét do 550° C nhiét
do bén nong cua bd Skutterudite dat 450° C
va 250° C véi bo Bi-Te va téng cong suat
cua 24 cap Skutterudite va 18 cap Bi-Te dat
250W. Jihad G. Haidar [3] nghién ctu ly
thuyét vé vat lidu cap nhiét dién, khao sét
phan bd nhiét lwong va hiéu suat sa dung
trong dong co dt trong. Nhiét o khi xa dat
trén 500° C vé&i muc tai 88% canh buém ga
Vva toc do 1.800 RPM. B¢ thu nhiét dwoc
thiét ké kiéu éng try, trao ddi nhiét dbi luu
cudng bic. Tuy nhién, chi bé tri st dung 98
cap nhiét dién nén cong suat méi dat 45W &
muc dién ap 14V. Theo d6, cac cap nhiét
dién bo tri dai trén duong ong nén khong
ddng nhat vé nhiét o lam viéc.

Phan mém CATIA dugc dung dé
thiét k¢ mé hinh hda cua dong co bao géom
ca duong nudc va khéng khi bao quanh. b6
la phan mém hd trg duoc wng dung trong bai
bao. Phan mém Comsol duoc sir dung dé md
phong truyén nhiét cua hé théng.

Ta c6 ong nudc 14 mot vat thé hinh
try, cho nén ¢ trudng hop nay ta thay rang
nhiét luong truyén qua vach éng duoc tinh
bai cong thirc. [4]

Q _ 2mA(Tw—Tkk)
o= T @ 1)
Q: la nhiét lugng toéa ra (W)
L: 1a chiéu dai doan dng nudc (m)
A la hé sb truyén nhiét cua ong nuéc
(W/m.C)
Tw: nhiét do cua nudc giai nhiét. (C)
Tk : nhiét do caa khdng khi (C)
dz : duwong kinh ngoai cua dng nudc (m)
d : duong kinh trong cua éng nudce (m)
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Nhiét luong téa ra nudc giai nhiét duoc tinh
bang cong thirc
Q=mC.(T1-T2) (2
m l1a khéi luong nudc giai nhiét.
C la nhiét dung riéng cua nudc giai nhiét.
T1 14 nhiét d6 cua nudce ban dau.
T, 1a nhiét do cua nudc sau khi di mat mat
mét luong nhiét lwgng nhat dinh.
Vi phan lén cac duong nudc giai nhiét trong
doéng co la dang vach cho nén ta cé céng
thiee NEWTON dé tinh toan nhiét lugng that
thoat. [5]
Q=0o.F(Tw- Tkk) 3)
o hé s6 trao doi nhiét ddi luu. (W/m?.K)
F dién tich bé mat trao doi nhiét. (m?)
Tw nhiét do trung binh cua chat long. (°K)
Twk nhiét do trung binh caa bé mat véch.
(°K)
Ta c6 o 1a mot hé sé toa nhiét phu thuoc vao
rat nhiéu yéu to. [6]
o= f(Tw, Tk, , &, ......) (4)
Chinh vi vay ma o duoc xac dinh tir thuc
nghiém bang phuong phap 1y luan dong
dang. [7]
Ta c6 chuan s6 Nuselt.
Nu =2 (5)
Nu = f(Re, Gr, Pr) (6)
Truong hop nay 1a truong hop truyén nhiét
dbi Iuu cudng buc cho nén ta tinh toan hai
chuan sé d6 la: Prantl (Pr) dic trung cho
tinh chét vat ly cua chat tai nhiét va Reynold
(Re) dic trung cho ché do chuyén dong
cudng buc cua chat tai nhiét.

_Cpu

Pr=—= (7)
_lvp

Re = e (8)

IL.LPHUONG PHAP NGHIEN CUU

Qua trinh nghién ciu dé tai da sur
dung cac phuong phap chu yéu sau:
Phuong phép khao sat d6i tugng.
Phuong phap nghién cuiru tai liéu, internet.
Phuong phap xay dung mé hinh thé théng .

Phuong phép tinh toan thiét ké, md phong,
doc s6 liéu, so sanh.

I1l. KET QUA VA THAO LUAN

3.1 Thiét ké md hinh md phéng.

Dau tién toi sir dung phan mém CATIA vao
modul Part Design dé thiét ké moé hinh don
gian cua khdi dong co bao gdbm 3 phan: khdi
gia lap dong co, khéi gia lap duong nudc
tuan hoan trong dong co, khdi khong khi
bao xung quang dong co. Sau do, ta vao
Modul Assembly Design dé lap cai khéi nay
thanh mot hé théng nhat.

EEE E2LS I EELE i

Lk BN B B o

Hinh 4.4: Khi dong co, nuéc giai nhiét,
khong khi.
Céc thdng s6 dau vao, diéu kién bién.

Bang 3.1: Gia tri dau vao cua hé

thdng.

Céc théng sb dau vao Giatri
Nhiét d6 nudc vao dong co 70°C
Van téc nudc giai nhiét trong 0.5m/s
dong co
Ap suat nudc giai nhiét trong 1,5 bar
dong co
Luu lugng dong chay 0.1kg/s

Nhiét d khong khi quanh dong 30°C

Cco

Ap suat khong khi quanh dong 1 atm

Cco

Toc do khong khi quanh dong co | 0 m/s
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Tiép theo, ta dwa md hinh ndy vao phan
mém COMSOL dé tinh todn md phong
truyén nhiét va xuat ra két qua nhiét luong
hao tn caa nuéc giai nhiét, nhiét do con lai
sau khi gia nhiét vao dong co, &p suat nudc
giai nhiét, van toc nudc... theo thoi gian gia
nhiét.

3.2 Két qua md phéng.

Ta thay rang, su truyén nhiét khac nhau tur
dAu vo dén dau ra caa md hinh. D6 thi biéu
din nhiét do cua khdi nudce giai nhiét truyén
v6i khong khi bén ngoai thong qua dong co.
Do cling chinh 1a nhiét d0 ma nudc giai
nhiét di gia nhiét cho dong co dé ham néng
dong co chuan bi cho giai doan khai dong.

o

Volume: Temperature (degC)
mm

600 -400

Hinh 3.2: Biéu d thé hién mit cit ngang

nhiét d6 cua khéi mé hinh.
Nhitng d6 thi & trén thé hién nhiét do cua
nude trao doi voi khdng khi trong 1 giay.
Nhin chung thi nhiét 6 khong mat di dang
ké. Clr sau 1 gidy nudc sé trao doi nhiét voi
khong khi xung quanh dong co va nhiét do
nuéce s& giam di 0.7°C.

VoluméTemperature (degC)

-100

100 0

59,9
69.8
69.7
69.6
69,5
69.4
69,3

69,2
Y —x

Hinh 3.3: Biéu dd thé hién nhiét d6 cua

nudc giai nhiét trong dong co.

@ ——-sosurface: Temperature (degC)

L

z

‘?7

X

Hinh 3.4: Biéu d6 thé hién mat cat ngang

nhiét d6 cua nudc giai nhiét trong dong
IV. KET LUAN VA PE NGHI
CO rét nhiéu cach dé cai thién viéc khai
dong khi dong co con lanh.

- Ham ndng dong co truac khi khoi

dong.

- Ham néng dau boi tron.

- Phalodng dau bbi tron.

- Say ndng khong khi khai dong.

- Ham néng nhién liéu.

- Lam giau thém kha nang ty béc chay

cua nhién liéu.

Thoéng qua viéc tinh toan md phong thi ta
thay rang. Viéc sir dung lip dat hé théng nay
Ién xe 6 t6 pho thong dung bom nudc co va
xe ¢6 hé théng phun nhién liéu trén duong
6ng nap, thi ché d6 ham ndng khi khoi dong
cia dong co khong con nira. Piéu nay co y
nghia rat 16n trong viéc tiét kiém nhién liéu,
ting tudi tho dong co, giam & nhiém moi
truong do khi thai trén 6 t6.
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Trén xe phd théng doi cii bay gio thi ché do
nay van con. Didu nay cho thdy mot luong
nhién liéu dugc phun nhiéu vao budi sang dé
giup dong co dat dugc nhiét do ti thiéu dé
hoat dong on dinh. Ngoai ra thi lwong nhién
lieu du con bam vao dudng ong nap va
thanh xilanh dong co sé& tran xudng rira troi
man nhét git bac xecmang va xilanh lam
cho su boi tron trong qua trinh piston di 1én
xudng khong con tét. Tinh trang nay kéo dai
dan dén thanh xylanh s& mau bi xuéc va bac
xecmang s€ mau mon hon. Bén canh d6
luong xang du chay khong hét sé thai ra 6ng
x4 gay 6 nhiém moi truong.

Mic du dé tai chi ding & viéc tinh toan, mo
phong va so sanh cho nén céc thong sé
khong chinh xac mot cach tuyét d6i. Nhung

V. LOI CAM ON

Trong qué trinh thuc hién nghién ctiru nay,
tac gia xin chan thanh cam on Truong Dai
hoc Su pham Ky thuat da tai trg kinh phi.

sau khi md phong va tinh toan thi ta thiy
rang hiéu qua ma hé théng nay mang lai 1a
rat tich cyc. Hé thdng nay hoan toan c6 thé
ché tao va lip dit thvong mai hoéa trén xe
phd thong.

Tuy vay, dé tai ciing chi ding lai & mic tinh
toan, md phong viéc so sanh sy téi wu cua
xe khi gan hé thong nay va khi chwa gan. Dé
tai nay chua di sdu vé tinh toan luong nhién
liéu tiéu hao bao nhiéu hay tinh todn nhirng
thong s6 k¥ thuat caa hé théng. Chinh vi thé
viéc tinh toan mo phong nhu thé nay ciing
mao ra mot hudng di maéi trong viéc tinh toan
thiét ké hé thdng, tng dung céc cong nghé,
hé thong trén xe hién dai dé cai thién nhiing
nhugc diém ma xe 6 td pho thong doi cii con
mac phai.
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