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ANH HUONG CUA NHIET DO KHI NAP
DEN HIEU SUAT VA PHAT THAI CUA PONG CO IAMZ-236
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Tém tat: Bai béo xay dung mé hinh nghién ciru dnh hudng ciia nhiét do khi nap dén hiéu suét ciing nhw
murc dé phat thai ra méi truongetia déng co IAMZ-236 bang phdn mém GT-Power, tir d6 c6 nhiing gidi phéap
pht hop khi té chirc tang 4p cho loai déng co nay.Két qua nghién ctu tai tbc dé dinh mirc 2100 vg/ph va
100% taicho thay, khi nhiét dé khi nap téng thi nhiét do I6n nhat trong budng dét téng va mat dé khi nap
gidm, dan dénhiéu suat déng cogiam va ham luong phét thai NO, téng. Do dé viéc t6 chirc lam mat cho khi
nap khéng chi cé tac dung céi thién hiéu suét lam viéc cuia déng co ma con lam gidm luong phat thai NO,,
déng thoi do nhiét do Ién nhét bén trong buéng dét gidm xuéng nén lam gidam (mng suét va bién dang nhiét
clia cac chi tiét xung quanh budng dbt.

Tur khéa: Nhiét do; khi nap; khi tang ap; tang ap.

Effect of intake air temperature on the performance and emissions of IAMZ-236 engine

Abstract: This paper has built IAMZ-236 engine modeling by using G T-Power software to evaluate the effect
of the intake air temperature on the performances and emissions. Thus, the suitable solution is proposed
when the engine is boosted by using turbochargers. In this study report, at rated speed 2100 rom and full
load conditions, when the intake air temperature increased, the in-cylinder peak temperature rised and the
intake air density decreased, leading to reduce engine performances and increase NO, emission content.
The overall results show that, if intake air is cooled by intercooler, IAMZ-236 engine not only improves the
performance but also reduces NO, emissions. On the other hand, the in-cylinder peak temperature de-
creased leads to reduce thermal stress and strain of the elements of the combustion chamber.
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@ 1. bat van dé

Khi thwe hién tang ap cho dong co diesel thi nhiét 6 cha khi nap (T,) tdng cao. Nhiét d6 nay phu
thudc vao cac yéu td nhw: mirc do ting ap, hiéu suét va tén that tan nhiét cia may nén [1]. Dién bién nhiét
d6 clia chu trinh cdng tac ddng co diesel phu thudc rat nhidu vao nhiét d6 méi chat dau qua trinh nén, do
d6 phu tai nhiét ctia dong co cling phu thudc nhiéu vao nhiét do cta khi nap. Mrc dé tng 4p ctia may nén
cang cao thi nhiét d khi nap cang Ién, do vay lam thay ddi cac thong sb ky thuat ciing nhw anh hwéng dén
mirc dd phat thai clia dong co trwdc va sau khi téng ap [2]. Péng co IAMZ-236 la ddng co chuwa tang ap
dwoc str dung phd bién trén cac phwong tién déc chiing. Trudc yéu ciu cép thiét hién nay Ia phai nang cao
tinh n&ng co ddng cla loai phwong tién nay nén can phai tién hanh nghién ctru cwéng hda cong suét cho
doéng co IAMZ-236 14p trén xe. Khi tdng &p cho déng co thi nhiét dd khi nap sau may nén ting cao, do d6
viéc td chirc nghién ctru anh hwdng clia nhiét dé khi nap sau tdng ap dén cac thong sé k¥ thuat va phat thai
doéng co la hét strc can thiét. N6i dung clia bai bao la trinh bay cach thiét 1ap mé hinh ting ap cho dong co
IAMZ-236 bang phdn mém mé phdng GT-Power va tinh todn anh huéng clia nhiét do khi nap sau téng ap
dén hiéu suat dong co va cac théng so vé phat thai NO_, mugdi than ra méi tredng. Tl d6 dwa ra nhitng gidi
phap nhdm nang cao hiéu qua khi té chirc tdng ap cho déng co nay.
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@ 2. Xay dwng mé hinh déng co IAMZ-236 ting 4p trong phan mém GT-Power

2.1 Gi6i thiéu déng co' IAMZ-236

Dong co IAMZ-236 nguyén ban la dong co diesel 4 ky, cac xy lanh duoc b tri kiéu chir V, bom cao
&p phun nhién liéu kiéu Bosch, do Nga ché tao. Cac théng sb k§ thuat chinh ctia dong co dwoc thé hién

trén Bang 1. )
Bang 1. Cac théng so ky thuéat chinh cta dong co IAMZ-236

1T Théng sé Giatri | Ponvi | TT Théng sé Gia tri | Pon vi
1 | Sé xi lanh 6 - 9 | Goc m& sém xu pap thai 56 do

2 | Buwong kinh xi lanh 130 mm 10 | Goc déng mudn xu pap thai 20 do

3 | Hanh trinh pit tong 140 mm 11 | Téc dd dinh mirc 2100 v/ph
4 | Chiéu dai thanh truyén 280 mm 12 | S6 voi phun/xi lanh 1 -

5 | Ty sbnén 16,5 - 13 | S6 16 phun 7 -

6 | Goc phun s&ém 20 do 14 | Buong kinh 16 phun 0,25 mm
7 | Géc mé& sém xu pap nap 20 do 15 | Coéng suat dinh mirc 132 kW
8 | Goc déng mudn xu pap nap 56 do 16 | Suét tiéu hao nhién liéu nhé nhat | 245 g/kWh

2.2 Co sé ly thuyét tinh todn qud trinh chdy va phét thai cia dong co’ diesel
a) Mé hinh chay Vibe kép trong déng co diesel

Téc d6 téa nhiét ctia mai chat chay trong xi lanh dwgc xac dinh theo céng thic Vibe [3]:

dx  «a gy (1)

—=——(m+1)y"e”

da Aac( )y

=2, 2% 2)
0 Aa,

trong do: Q la tong lwong nhiét cap vao; a la goc quay truc khuyu; a, 1a thoi diém bat dau chay; Aa, la thoi
gian chay; m la thdng so hinh dang budng chay; a la thdng sb Vibe, a = 6,9 v&i qua trinh chay hoan toan.
Phan nhién liéu da dbt chay dworc tinh toan qua tich phan phwong trinh Vibe la:
x= I K gy =1 (3)
da . .
M6 hinh chay Vibe kép |a hé phwong trinh gdm hai phwong trinh Vibe don dwoc st dung dé tinh gan
dung déc tinh téa nhiét ctia ddng co' str dung hdn hop nhién liéu khéng ddng nhét.

(m+1) (m+1)

;X =l-e® (4)
trong do: a,, a, la théng sb Vibe clia phwong trinh Vibe don thi nhat va tha hai.

b) Tinh toan phéat thai NO,

Sw hinh thanh NO, dwoc tinh toan dya trén cac thong sbé toc d6 dong co, thanh phan nhién liéu, ap
suat, nhiét d, hé sb dw lwgng khong khi, thé tich, thdi gian chay ciing nhw s viing chay. Cac phén (ng
ctia chubi Zeldovich véi hé sé téc do trinh bay trong Bang 2 dwoc sir dung dé tinh toan lwong NO, bat dau
tlr thoi diém xay ra qua trinh chay. Trong khi thai NO, clia dong cor, N,O chiém ty 1& rat nhd va dwoc tinh
theo cong thrc sau [4]:

X=X, +X, V6i x;=1—e"

N 1802 10_6.ﬂ0’6125exp[ﬂ} (®)
N, /O, RT
94716

Cy,o =11802.10°T%% ¢ T C, \[P), (6)
Téc do hinh thanh va phan hay NO (mol/cm?) cling duoc tinh theo cong thire [4]:

ho=201-a*)| —1 4| P (7)
vo =2(1-a) 1+adK, 1+A4K, |RT

Vi o= Cho i, = N g, = T (8)

Cyoe Hhth s+

C,0. 18 nONg d6 NO & trang thai can bang; P, ap suét clia cac phan tt O,.
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Bang 2. Chubi phan (rng hinh thanh NOx véi hé sé téc dé k

T Phan trng p:;;’ g‘r-’]g Ha:ﬂ :: ;‘:“; do al] T, [K]
R1 |N,+O=NO+N r, = K,-Cp-Co 4,93E13 0,0472 38048,01
R2 |0,+N=NO+O r, = K,.CopeCy 1,48E08 1,5 2859,01
R3 |N+OH=NO+H = K;.Cop-Cy 4,22E13 0 0

R4 |N,0+0=NO+NO = K, .Cop0:Co 4,58E13 0 12130,6
R5 |0,+N,=N,0+0 r, = Ky-CopCrp 2,25E10 0,825 50569,7
R6 | OH+N,=N,0 +H = Kyg-Con-Crz 9,14E07 1,148 36190,66

¢) Tinh toan phat thai mudi than

Phat thai muoi than co thé tinh theo mé hinh Hiroyasu. Trong md hinh nay, sw thay déi ctia khéi lwong
soot qua céng thire [5]:
dm, dms dmg . dms or
dt dt dt
Phan t& tht nh4t va thi hai clia vé phai 1an Iwot 13 tc d6 hinh thanh soot va tbc d6 oxy héa. Hai phan
tlr nay dworc tinh theo cdng thire twong dwong nhw sau:

©)

dm -E
s 0,5 5./ (10)
=A,.m, . ex
a PP { RT }
dm, . = on.ms.—Poz PBexp —_Es’ox ()
dt P RT

trong do: m_la khéi Iwong soot; m,
suét clia cac phan to 0O,
va diéu kién déng co' cu thé

Jla khéi lwong nhién liéu bbc hoi; Esox la nang lwong oxy hoéa; P, la ap
(la nang lwgng hoat hoa; A, A

lacac héng s6 dwoc lwa chon theo kinh nghlem

Déi v&i dong co IAMZ-236, khéi lwong soot phat ra va téc dd hinh thanh mudi than dwoc tinh theo
cac cong thirc trén, con tbc do 6xy hda mudi than duoc tinh theo cong thirc ctia Nagle-Strickland Constle
dwa trén cac phwong trinh phan &ng sau [5]:

kP, .
1+k,.P),
B+0,—A+2C0; Wy =kg.Fpy(1-x)
Wy =k, x
trong dé: x 1a ty lé C trén bé mét clia phan t& A tham gia phan &ng; W
céc phan t&r tham gia phan (ng. V&i gia thiét W, =, , khi dé x tré thanh
r )—1

. BroZ
Cac hang so toc do:

k, = 20.exp[~15,100K/T]; k,=4,46.10.exp[~7,650K/T};
k.= 1,51.10.exp[~48,800K/T]; k = 21,3.exp[+2,060K/T].

Tbc d6 6xy hda mudi than & cong thirc trén tré thanh:

A+0,—»A+2C0O; W, = (12)

(13)

A— B; (14)

, W, W, 18 t6c d0 phan (ng; A,B la

ii?

x=(1+ (15)

dm oMW,
22 = <mg.R,, (16)
dt p.-Dy
trong do: R, 1a hang sb toc do 6xy hda mudi than, R, , tinh theo cong thirc [5]:

kA P02

R, = [1 P Jx+kB.P02(1—x)

trong d6: MW, la trong lwong ctia phan tir C; p_ la mat d6 ctia mudi than, p_ = 2000 (kg/m?); D_la duwdng kinh
cta phan t&r mudi than dac trwng, D = 2,5.10% (m).

(17)
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Téng quat nhat cla co ché hai buwéc la tinh tc do dxy hda mudi than theo cong thirc sau:
= —m

13
d
M o 4 1 P, exp[_ls,oooﬂ
dt Turp Fosrer T

2.3 Xay dwng mé hinh tinh trong GT-power

(18)

Hién nay c6 rat nhiéu phdn mém chuyén dung dwoc st dung dé& nghién ctru tinh toan mé phéng chu
trinh cong tac ctia dong co nhw GT-Power, Diesel-RK, AVL-Boost, Ricardo Wave... Truwdc sy tin cay, tién
dung, da dang v& bang biéu, db thi, nhiéu ché d6 mé phdng ciing nhw sy hd trg day dd cac loai md hinh
dong co clia thw vién di¥ liéu [6] nén phan mém GT-Power dwoc Iwa chon [am cbng cu nghién cru. M6 hinh
mé phdéng chu trinh cong tac ctia ddng co IAMZ-236 c6 1&p bd tua bin - may nén dwoc thé hién nhuw trén
Hinh 1. Cac phan t& trong mé hinh déng co IAMZ-236 dwoc thé hién trén Bang 3. Phan t& “Intake”, “Exh”
mo ta cac thudc tinh dau vao va ra clia dong khi nhw lwu lwong, nhiét d6, mat do, thanh phan héa hoc,...;
Bién dau vao khi nap “IntAmbient” va ra cla khi thai “ExhAmbient” mé ta cac thudc tinh nhiét do, ap suét,
dd &m, thanh phan ctia khi nap va thai,...; Cum “Turbine” mé ta cac thudc tinh ctia tua bin nhuw ap suét dau
vao va ra, dwdng kinh clra vao va ra, hiéu suét, toc do, lwu lwgng dong khi,...; Cum “Compre” mo ta thudc
tinh clia may nén nhu murc tdng ap, ap suét va nhiét dé trwdc va sau may nén [7].

Bang 3. Cac phén tt trong mé hinh

Tén phan to Ky hiéu S6 lwong Tén phan to Ky hiéu S6 lwong
bong co Engine 1 Puwong 6ng thai khi Exh -
Xilanh Cylinder 6 Bién dau vao khi nap IntAmbient 1
Vi phun Injprof 6 Bién dau ra khi thai ExhAmbient 1
Xu pap nap Valconint 6 Tua bin Turbine 1
Xu pap thai Valconexh 6 May nén Compre 1
Pudng 6ng nap khi Intake -

Bai bao nay trinh bay tinh toan anh
hwéng clia nhiét dd khi nap dén hiéu suét
va phat thai cla dong co IAMZ-236 khi
thwe hién tdng ap bang tua bin may nén.
Ché do tinh toan dwoc Iwa chon la ché do
c6ng suét dinh mure voi tbe d6 dinh mirc
2100 vg/ph va 100% tai. Mtrc d6 tang ap
dwoclwa chonla 1,7 trén co sé tham khao
@& tai nghién ctru trong nwéc vé cuong
héa cong suét dong co B2 trén phuong
tién dac chuiing clia tac gia Lé Dinh Vi [8]
va tai liéu ctia Nga vé déng co IAMZ-236.
Hién nay tai Nga loai dong co’ IAMZ-236
da duoc cudng hda cong suét véi nhidu
phién ban tang ap khac nhau nhuw IAMZ-
236HE, IAMZ-236HE2, IAMZ-236BK... va
duoc l&p trén cac phwong tién dac ching
¢6 tinh nang théng qua cao [9].

@ 3. Két qua va thao luan

W-E wxpPiar
22

Céc két qua tinh toan dwoc trinh B L
bay trén cac db thi, tr Hinh 2 dén Hinh 9. o
IncAmiziem- L Crnvivr g4

Nhiét dd khi nap la théng s dau
vao quan trong, phu thudc va nhiét do méi
trdng va mirc d6 tang ap clia bd tua bin may nén. Khi nhiét do khi nap tang lam giam lwu lwgng khi nap vao xilanh
trong méi chu trinh nhw thé hién trén Hinh 2. Dwa vao két qua trén Hinh 3 ta thAy, mat d6 khi nap ciing gidm dan khi
tang nhiét d6 d4u vao cla khi nap. Nguyén nhan cla viéc gidm Iwu lwgng khi nap vao la do khi nap vao cé nhiét dé
cao sé tao thanh cac nut hoi lam can tré dong Ivu chét, theo dé khéi liong khi nap vao xi lanh médi chu trinh sé& giam.
Khi khéi lwvong khdng khi nap vao xi lanh gidm sé lam gidm ap suét co ich clia déng co nhw thé hién trén Hinh 5.

Hinh 1. M6 hinh déng co IAMZ-236 ting 4p bang tua bin khi thai
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Trén Hinh 6 thé hién rd khi tang dai nhiét dd khi nap tir 300K dén 345K thi 4p suét c6 ich trung binh
(BMEP) ciing gidm twong (ng t& 8,5 bar xudng 8,1 bar. Dong thoi hiéu suét nhiét cé ich clia déng co gidm
tir 37,5% xubng con 36%. Diéu dé cho thdy cong suat va mé men clia dong co cling suy gidm theo sy ting
nhiét do khi nap nay, nhw thé hién trén Hinh 7.

Nhiét do khi nap tang thi lam tdng cao nhiét dé cwc dai clia qua trinh chay trong xi lanh déng co nhw
thé hién trén Hinh 4. Khi nhiét do trong budng chay tang sé lam ting (rng suét va bién dang nhiét ctia cac
chi tiét xung quanh budng chay. Mé&t khac, khi nhiét d qua trinh chay trong xi lanh ctia déng co diesel tang
cao la nhan t6 thuan lgi cho qua trinh hinh thanh chat phat thai NO_. Co' ché hinh thanh NO, trong déng co
diesel di&n ra nhanh do h&n hop chay khéng ddng nhét. V&i nhiét do ctia qua trinh chay da Ién thi O,vaN,
phan hiy thanh nguyén t& co tinh ndng hoat hoa cao, xay ra phan rng oxy hda hinh thanh NO,. Nhiét do
cla qua trinh chay cang cao thi phén ng hinh thanh NO,_ dugc ddy manh, 1am t&ng nhanh néng do NO..
Nhuw vay sy tang cta NO, ty |é thuan v&i sy tdng nhiét d6 cda khi nap nhw thé hién trén Hinh 8.

Mubi than (soot) la mot trong nhitng chat & nhiém dac biét dwoc quan tam trong khi thai déng co'.
Trong khong khi cac hat mudi than co6 tac dung hap thu va khuéch tan anh sang mat trdi lam giam do trong
subt clia khi quyén do d6 lam gidm tAm nhin, diéu nay gay mét an toan giao théng. Hinh 9 biéu dién méi
quan hé ctia chét phat thai muoi than véi nhiét do khi nap. Qua trinh chay khuéch tan trong dong co diesel
rat thuan loi cho viéc hinh thanh mudi than. Sw chay cla hat nhién liéu 1dng khi ching dich chuyén trong
budng chay va tap trung cuc bd hoi nhién liéu & nhirng viing c6 nhiét dé cao la nguyén nhan chinh san sinh
mudi than. O’ viing nhiét dd trung binh va thap (nhiét do chay <1700K), hydrocacbon thom cé thé sinh ra
mudi than mot cach tre tiép va nhanh chéng bién thanh ciu tric gan graphite. O viing nhiét d6 cao (nhiét
d6 chay >1800K) thi tbc d6 san sinh mudi than gidm di dang ké. Sau giai doan san sinh mudi than la giai
doan phat trién b& mat, hop dinh, ngwng tu va oxy héda mudi than. Qua trinh 6xy hoa sé lam gidm phat thai
muoi than ra méi trwdng. Phan Ién mudi than bi éxy hda trong xi lanh trwéc khi qua trinh thai bat dau [10].
Tbc d6 tao mudi than trong qua trinh chay la hiéu sb gitra tbc d6 san sinh va téc d6 dxy héa mudi than. Dua
vao cac dudng dac tinh trén do thi ta thay nhiét do qua trinh chay cang tang sé lam cham qua trinh san sinh
cac hat mudi than do dé lwong phat thai mudi than ra méi treong sé giam.

@ 4. Két luan

Qua cac két quéa tinh toan cho dong co cu thé IAMZ-236 khi chuyén sang c6 téng ap da cho thay
réng, khi nhiét d6 khi nap vao déng co téng 1&n sé& lam gidm lwu lwong va méat dé khi vao xi lanh ctia méi
chu trinh cong tac. Bdng thdi lam téng nhiét d6 va giam ap suét cwc dai clia moi chat trong budng chay,
dan dén giam hiéu suét clia dong co va tang ham luvong phat thai NO,. Nhiét do khi nap tang cao co thé
lam tang (ng suét va bién dang nhiét ctia cac chi tiét quanh budng chay. Tl nghién ctu trén cé thé dua ra
két luan réng, sau khi té chirc tdng &p cho déng co diesel can cé giai phap lam mat khi nap sau may nén,
muc dich 1a 1am tang hiéu suét, giam (ng suét va phu tai nhiét tai cac chi tiét ctia dong co, giam phat thai
NO, dong thoi khéng ché nhiét dd bubng chay dé qua trinh oxy héa mudi than dién ra manh, han ché lwong
phat thai mudi than.
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