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- Be qud trinh say difin ra on dmh, ty so gida khoi 
lypng hgt am dya vdo mdy s l y vd kh l i lyang hat 
trp sdi ban dau Id 42% 

- Sd dyng Idp mudi khd Idm Idp dfim trp sdi cho 
phfip don gian hod c l u IrOe buing s ly . 

ABSTRACT 
The moist refined salt particles has high cohesive 

characteristic becoming cakes or clumps of salt when it is 
dried them in hot air flow The author has done many 
experiments and has established a new method to dry them 
in a normal fluidized bed dryer by arranging a dned refined 
salt particles layer on the air distnbutor.This dried layer 
works as a fluidized supportable inert particles layer that is 
set at the beginning of moist salt drying process It has 
some conclusions as following: 

It IS necessary to use a dried reined salt layer which 
has moisture content is 0,2% for working as the inert 
particles in fluidized refined salt drying. 

In order to obtain the drying process stably, the ratio 
between the mass of the dned parades and moist grains is 
42% minimum 

Ananging and using a dried refined salt layer at the 
beginning of drying process to break the adhesive attribute of 
moist salt particles and fluidized supporter for drying them in 
the continuous fluidized bed dryer without knocking as the 
drying process in rotary dnim dryer, or without vibrating as 
drying in the vibrating bed dryer 

The Fluidized supportable layer (FSL) affects to the 
fluidization regime of the refined salt drying, the moist 
content of final product; the special heat energy 
consumpsion, the product recovery efficiency; the special 
electrical energy consumption. 

The height of the FSL(Ho) is 65mm matching drying 
air velocity (Vg) is 1,3m/s, drying air temperature (tg) is 160 

C and diameter of salt grain(dp) is within 0,9 < dop <1,2mm 
generates (he final product which obtain the standard moist 
content fMz= 0.2% ) with Special heat value consumption 
(SHVC) is 4052,05kJ/kg vapor and final product efficiency 
(rjmaOis 91,03% and the Specific electncal energy 
consumption (SEEC)is 407Wti/kg vapor. The author 
choosed this value of the FSL 65mm is fundamental 
valuation in the multiple-factor planning experimentation in 
the next step 
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Phan biin: GS TSKH Trdn Van Phu 

NGHIEN CUIU THUC NGHIEM TINH 
NANG VA PHAT THAI CUA DONG CO 
DANH LUfA CirONG BUTC SUTDUNG 

HdN HOP XANG-KHi HHO 
CAO VAN TAI - Cao d i n g n g h i Nha Trang 

LE ANH T U A N , NGUVeN DU'C KHANH 

E)ai hpc Bach khoa Ha Noi 

I. BAT V A N D £ 

Trong nhdng ndm g i n ddy, vdi sy phat then nhy 
vu bao cua cdng nghifip vd so lyong phyong tien 
giao thdng van lai (GTVT) dd kdo theo nhu c l u sd 
dyng nhifin lieu dau md tdng len [1]. Ngdy nay, nhifin 
lifiu hoa thach cung cap tdi 80% nhu edu ndng 
lyong eua todn thfi gidi, trong dd 58% Id ddnh cho 
GTVT [2] Vi vgy hai van de chinh doi vdi nhifin lifiu 
cd ngudn gdc hod thach hifin nay Id nguon nguyen 
lieu dang ddn can kifil vd khi thai gdy hieu dng nhd 
kinh san sinh ra Irong qud trinh dot nhifin lieu de 
phuc vu nhu c l u smh hoat eOng nhy san xudt [3], 
dieu ndy ddn den nhdng anh hydng khdng tot doi 
vdi mdi trydng, khi hdu Idm cho nhifit dd trai dat 
lang Ifin md hifin typng bdng tan d hai dja eye, mye 
nyde bien dang, anh hydng den mdi trydng sinh 
thdi Id nhdng vi du dien hinh [4], Vifie nhu c l u ndng 
typng ldng cung se ddn d i n sy tdng gid xang dau, 
anh hydng tryc tiep dfin hoat ddng kmh le loan cau 
[5]. Sy suy giam cOa trd lyong nhien lifiu hod thgch 
trong khi nhu cau ndng lyp'ng vd phdt thai khi nha 
kinh tang cao, thi viee tim ra mdt nguon ndng lyp'ng 
Ihay thfi ben vdng hon, hi^u qua hon, gid thdnh thap 
hon sgch hon dang Id mpt nhifim vu vd cCing d p 
bdeh [6]. 

Hifin nay, gida cdc nguon ndng lyp'ng thay the 
nliy nhifin lifiu smh hoe, hydrd, khi thifin nhifin, khi 
ddi long hop, khi sinh hpc ... thi hydrd dang noi Ifin 
nhy Id mdt sy lya chpn ed tinh kha thi cao, nhdm 
giam bdt gdnh nang d6i vdi nhifin lifiu g6c hod 
thach. Hydrd dang dyoe dng dyng r i t rpng rdi trfin 
cdc phyong tifin GTVT, d hai hinh thdc: sd dung 
cho pm nhifin lieu vd cho ddng co dot trong Vdi 
dpng eo, ngodi viec sd dyng tryc tiep thay eho xdng 
[7], thi hydrd edn ed the sd dyng nhy Id mdi chi t phu 
gia thdng qua vific bo sung mdt lyp'ng nhd hydrd vdo 
dydng nap [8,9]. Khi hydrd cdn dypc cung cap cho 
dOng CO thdng qua bd san xuat khi nhd gon l ip tnj'c 
tifip trfin xe bdng giai phdp difin phdn nydc, ket qua dd 
cho thiy lyong nhien lifiu sd dyng d l di het 100km cua 
4 mdu xe thd nghiem dd giam khoang 35 - 40% so vdi 
khi sy dung nhifin lifiu truyen thong [10]. 

Khi HHO Id san pham eua qud trinh dien phdn 
nydc, cd hydrd Id thdnh ph in chinh nfin khi HHO 
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eung cd the dypc sd dung cho ddng eo vi ed tinh 
chdt tyong l y nhau [11,12] (dyp'c trinh bay Irong 
bang 1) Tuy nhien, vi id san phdm cua qud trinh 
dien phan nydc, nfin he sd A/F ( lyong khdng khi 
cdn thifit de dot chay hoan loan mdt don vi khdi 
lyp'ng nhifin lieu) cua khi HHO la bdng 0, vi vdy khi 
HHO ed the chay trong mdi trydng yfim khi Khi bo 
sung khi HHO vdo dydng nap, thdi gian chdy giam, 
loc dd lang dp su i t trong xylanh ldn [13] dan dfin 
hifiu su i t va su i t tieu hao nhifin lieu dyp'c cai thifin 
[14,15], phdt thai NOx ldng, trong khi phat thai CO 
vdHC giam [11,16]. 

Theo sd lifiu eua cue dang kifim Viet Nam, vdo 
thdi diem eudi ndm 2010, sd lyp'ng xe may dang lyu 
hdnh tai Vifit Nam la khoang 33 trifiu chiec, chiem 
95% lyong xe co gidi dang [yu hdnh, trong dd phdn 
Idn la cdc xe sd dyng bd chfi hod khi [17]. Vi vay, 
sdc ep td sd dung xe may dfin v i n dfi ban dam an 
ninh nang lyong va d nhiem mdi trydng tai Viet Nam 
la r i t ldn De giam bdt nhdng sde ep nay, giai phap 
eung cap khi HHO cho ddng co xe may la mot 
hydng di mdi vd c i n dyp'c nghifin cdu mdt each ky 
lydng trydc khi dng dung rdng rai Bdi bao trinh bay 
ket qua nghifin edu thyc nghifim vfi nhdng anh 
hydng cua khi HHO tdc ddng den cdng sui t , su i t 
tieu hao nhifin lieu vd phat thai dde hai eua xe may, 
td dd dya ra nhdng kien nghi n h i m hoan thien he 
thong de cd the dya vao dng dung trong thye tfi 

Bang 1 Tinh chit cua Xang va Hydro 

Dac tinh 
M6 hinh phan tu' 
Khoi lirang phan ti> (g/mol) 
Kh6i li^ang neng (kg/m^) 
He so A/F H 
Nang lu'ong danh li>a (mj) 
Nhiet ap ty chay (K) 
Toe do chay (cm/s) 
Nhiet Iri thap (MJ/kg) 
RON (-) 

Xang 
CeH,B 
107-114 
721-785 
14,6 
0,24 
533-733 
41,5 
44 
92-98 

Hydro 
H i 

2,02 
0,0838 
34,3 
0,02 
858 
237 
120 
130 

.SAN XUAT KHI HHO 

Hinh 1. He thong san xuat khi HHO 

He thdng san xuat khi HHO sd dyng trong thd 
nghiem dyoe trinh bdy trong hinh 1. Ngudn difin 
dypc cung d p Id mdy bifin thfi dfin eac difin cyc, 
hdn hop khi sau qua trinh difin phan dyac ngyng tu 

va tdch nydc t ryde khi di vao binh chda khi vdi dp 
su i t thdp. De tang kha ndng lyu t rd khI, hdn hop khi 
dyoe nfin vdi dp su i t 3,5 bar vdo binh chda thdng 
qua mdy hut ehan khdng t rydc khi dya vdo thd 
nghiem 
IIL NGHIEN CO'U THU'C NGHIEM 

3.1. Dpng co* thu* nghiem 
Ddng eo xe mdy thd nghifim cd dung tich 97cm^ -

dung tich xylanh kha pho bifin tal Vifit Nam, vdi cde 
thdng sd k? thudt dyp'c trinh bdy trong bang 2. 

Bang 2 Thdng sd ky thuit cua ddng co 
Kieu ddng c c 
Sd xylanh 
Dydng kinh xylanh 
Hanh trinh piston 
Dung tieh xylanh 
Tl sd nfin 
Gdc ddnh Ida sdm 

DanhIda 
1 

50 mm 
49,5 mm 
97 em^ 
9 1 
-IS^TK 

cifdng bdc 

3.2. Trang thiet bi t h y nghiem 
Qua trinh thd nghifim dyoe lien hdnh trfin bdng 

thd thuy lye T101D dypc san xu l t bdi hang Didacta 
(Tonno, Y) Tin hifiu md men smh ra cua dpng co 
dyoe xd ly qua bo difiu khien dien Id (Electronic 
Control - EC); lyp'ng tifiu Ihu nhien lieu dypc xdc dmh 
thdng qua thiet b( can khoi lyong nhifin lifiu AVL Fuel 
Balance 733S Md men vd lyu lyp'ng nhien lieu cung 
d p dypc hien thi trfin eae mdy linh ket noi. 

Kfil qua khi thai dyp'c phdn tich thdng qua tu AVL 
CEB II: thdnh ph in CO vd CO2 dyoe do bdng 
phyong phdp h i p thu lia hdng ngogi (NDIR), thanh 
phdn NOx do bdng phyong phdp quang hoa (CLD), 
thdnh phdn HC xdc dinh b ing phyong phdp ion hod 
ngpn Ida (FID). 

Thdi diem phun, dp su i t phun vd thdi gian phun 
khi HHO Id binh chda ddn dpng co dyoe difiu khien 
bdi bp difiu khien khi HHO dien td (Electronic HHO 
Control - EHC) dyp'c ket ndi vdi may tinh 

3.3. Chd do thiP nghiem 

Xdc dmh edng sui t , su i t tifiu hao nhifin lifiu vd' 
cac phat thai dpc hai chinh cua ddng co khi bydm 
ga md 30%, 50% vd 70%, van tren dydng ong cung 
e ip khi ludn d vi tri md. Ap su i t phun dyoe gid ct 
0,3 k g W khi bydm ga md 30% vd 50% (2,92 ml/chu 
trinh, chiem khoang 2,26% vd 1,77% the tich khi nap). 
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khi bydm ga md 70%, dp su i t phun Id 0,5 kg/em^ 
(3,42 ml/ehu trinh, eh_ifim 1,89% the tich khi ngp) Thdi 
gian phun dng vdi mdi chu Irinh Id 2000 ps 
IV. K £ T QUA VA THAO LUAN 

4.1. Cong suit & sui t tieu hao nhien lieu 

—*—30%-X4ng 
- • - 3 0 ' K i - X a n g + H H O -
" * - 5 0 % - X a n g 
" • - 5 0 % 0 < S n 9 + H H O -
- 4 - 7 0 % - X a n g 
- • • • 7 0 % - X a n g + H H O .. 

^ 

,„^:..^,:& :§.~i. 

-*=;*=4.._ 

3200 3600 4000 4400 4800 520O 5600 6O0O 6400 6800 7200 7800 

T 6 C a $ a f l n g CO { v i n g / p h i i l } 

Hinh 3. Cong suit dong ca khi bo sung khi HHO a cic vj 
tri budm ga 

Hinh 3 the hifin difin bien cdng suat ddng co khi 
sd dung xdng vd hdn hop xdng ciing khi HHO (Xang 
+ HHO). Ta thay, cdng su i t cua ddng co tdng Ifin khi 
phun khi HHO vdo dydng ngp Vi hydrd ed toe dd 
chdy vd nhifit dp chdy Idn, nen qud trinh chdy hydrd 
se difin ra trydc vd tao nhifit dd cao, giup cai thifin 
kha ndng chay nhifin lifiu xdng, vl vdy hifiu su i t nhifit 
eua ddng eo ldng len Trung binh, cdng su i t ddng 
CO tdng 3,68%, 1,35% vd 2 , 1 % khi bydm ga md 
30%, 50% vd 70%. 

- * - 30 VXang 
—•—30VXarX|*HHO 
- - * - 6 0 % - X a n 9 
" • - 5 0 % - x a n a « H H O 
• * -70%-X3r^ 

70%-Xang*HHO 

__6--«-
4 - i • • • • * . . . O 

3200 3600 4000 4400 4800 5200 5600 8000 6400 6800 7300 7600 

T i c aa dOng CO (vongiphul) 

Hinh 4 Suat tieu hao nhien lieu khi b6 sung khi HHO a 
cac VI td buom ga 

Khi b6 sung khi HHO vd khdng khi, lyp'ng khi 
ngp mdi di vao se giam xuong, nfin lyp'ng nhien lifiu 
hiit vdo dydng nap dpng co giam, trong khi edng 
suit ddng CO ldng, vl vdy su i t lifiu hao nhifin lieu 
(xdng) ciia ddng co giam khi ed khi HHO bo sung 
Trung binh, khi bydm ga md 30%; 50% vd 70%, 
suit tifiu hao nhifin lifiu giam 7,14%; 3,64% va 4,6% 
so vdi khi sd dung nhifin lieu truyen thong (hinh 4) 

4.2. Phdt thai doc h^i 
Hinh 5, 6 vd 7 the hifin difin bien cua phdt thai 

NOx, HC, CO vd COz theo tde dd ddng co khi cd vd 
khdng cd khi HHO bo sung, bydm ga md 30%, 50% 
vd 70%. 

K i t qua thy nghifim cho th iy nong dp CO vd HC 
giam, cdn NOx vd CO; tdng khi b6 sung khi HHO vd 

khdng khi vdo dydng nap. Do nhifit dd chdy cao vd 
hon hp'p nhgt (vi cd bo sung Ihfim khdng khi) nfin dd 
Idm tang kha nang hinh thdnh phdt thai NOx, trung 
binh NOx tdng 40.6%, 30,66% vd 45,76% khi bydm ga 
md 30%; 50% vd 70%. 

Khi nhiet dd tang, ciing vdi khoang chay rdng cua 
hydrd, hdn hop d edc vting sat vdch vdn ed the chdy 
dyoe, vi vdy HC giam 11,68%; 3,9% vd 6,19% khi 
bydm ga md 30%, 50% vd 70% khi bo sung khi HHO. 

Tic ai dflng cc (v6ng/plnli) 

Hinh 5 Di^n bien cac phat thii chinh theo tdc dO dOng ca 
khi buom ga md 30% 

"^^^^y-t^H^^i 

• ^ t = % ^ 

•^*^i:t==*=:«!£?=:?f-

rtc ae dfing CO (vansfptiot) 

Hinh 6, Dien bien cic phat thai chinh theo toe do dqng co 
khi buom ga ma 50% 

4-t:r^r.8."-«~^«-

1 -a-Xina-HHOr 

Tdc aa aOng t w (v ing /p t r t t ) 

Hinh 7. Diin bien cic phat thai chinh theo toe do dong co 
khi buom ga md 70% 

Nhiel dd chdy tdng cung giup cho qud trinh phan 
dng giya CO va dxy tao thdnh COj trd nfin thudn Ip-i 
hon, vi vdy khi bo sung khi HHO thl CO giam vd C02 
tann Phi t fh=i r n . ; A „ ^2,13%; 10,93% vd 15,1%; 
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trong khi CO, tSng 6,84%; 5.65% v4 3,03% khi 
buftm ga mo 30%. 50% vS 70%. 

• 3CP=bif(Jmga 

D70^obudniga 

Hinh 8 Su thay doi ciJa cac thong s6 khi bo sung khi HHO 
(so v&i khi sd dung xang) 

Sy thay doi cua cdng su i t ddng co, su i t tifiu hao 
nhifin lieu, phat thai NOx, HC, CO va CO2 khi phun 
khi HHO vao dydng nap so vdi khi sd dung nhifin 
lieu truydn thdng dyp'c trinh bay Irong hinh 8 Qua 
ddy ta ed thfi tinh loan dyp'c sy thay doi trung binh 
trong todn dat loc dp Idm viec vd vi tri bydm ga, 
cdng su i t ddng co tdng 2,37%; su i t lifiu hao nhifin 
lifiu giam 5,13%, phat thai NOx tdng 39%; CO vd HC 
giam 13,05% vd 7,28%; CO2 tdng 5,14%, 
V. K ^ T LUAN VA K I ^ N NGHj 

Bdi bao da trinh bay kfit qua nghifin cdu thye 
nghifim vfi tinh ndng kinh tfi, ky thudt vd phdt thai 
eua ddng eo xe may khi cd bo sung khi HHO vdo 
dydng ngp T d kfit qua thyc nghiem, ta cd the rut ra 
nhdng kfit ludn sau: 

- Cdng suit dong co ldng len khi phun khi HHO vd 
khdng khi bo sung vdo dydng nap do ed hydro Idm moi, 
nen qud trinh chdy difin ra tot hon 

- Suit tieu hao nhifin lifiu giam khi cd khi HHO bo sung. 

- Phdt thai NOx tang do h5n hp'p cd nhlfiu khdng khi vd 
nhigt dd chay cao CO vd HC giam, CO2 ldng len, 

M^c dii theo dy dodn, ndng lypng cd ich dat 
dydC khi bo sung khi HHO khdng du de di#n phdn 
nydc tao khi HHO [_16], nhyng vdi nhdng yu diem 
ke tren, khi HHO van Id mdt phyang dn de giam 
gdnh ndng vdi d i u md vd giam d nhifim mdi trydng 
do khi thai ddng co gay ra Tuy nhien, de dng dung 
tren thyc te, can tien hdnh thd nghifim trfin dydng 
vdi bd san xu l t khi e i n ed kieh thyde nhd gpn de cd 
the dfi ddng l i p rap trfin xe Do khi hydrd ed loc dd 
chdy idn, ddn den thdi gian chdy trfi, chdy nhanh 
giam, de nang cao kha nang tan dung nhifit, thdi 
diem ddnh Ida ed the dyoe dieu chmh mudn hon so 
vdi thiet kd. Khi cdng sui t dpng co vypt qud cdng suat 
dmh mdc, ddng co se Idm vific rung gidt hon, anh 
hydng dfin dd bfin vd tuoi thp ddng eo Vi vdy, can 
thiet phai xdc dmh lydng xdng phu hp'p dng vdi mdi 
gid trj lyu lyang khi HHO bo sung de ddng ea vdn dam 
bao kha ndng lam viee vd phdi thai i l d nhiim. 

ABSTRACT 
In this paper, the effects of HHO gas addition into 

intake manifold of spad< ignition (Si) engine on 
performance and exhaust emissions are presented. 
HHO gas is the mixture of Hydrogen and Oxygen gas 
in the ratio 2:1 by volume - the water electrolysis 
product The expenmental is earned out in a motorcyde 
engine with the displacement of 97 cm^ at the internal 
Combustion Engines Laboratory, Hanoi University of 
Science and Technology The expenmental shown 
that after the addition of HHO gas with the rath of this 
gas in the total intake charge of about 2%. engine 
power IS increased, brake specific fuel consumption 
(BSFC) is reduced; CO and HC emissions are 
declined; however, NOx ^od CO2 emissions had 
upward trends Over the considered engine speeds 
and throttle positions, the average of engine power 
increased 2.37%; BSFC reduced 5,13% CO and HC 
emissions declined 13.05% and 7.25%,. respectively; 
whereas NOx and CO2 emissions raised 39% and 
5,14%, respectively. 
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