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ABSTRACT

With the increasing of the amount of the automobile continuously, the
contradictions of fuel burning and auto consumption is becoming more and more acute,
the total amount of emission for automobile pollution is continuing rising. In recent ten
years, in order to alleviate the situation of energy shortage and reduce air pollution,
engine researchers have done a lot of useful work, they have studied a variety of new
approaches and measures for internal combustion engine to improve the thermal
efficiency, and to control harmful emissions. However, there are the conflict between
improving energy efficiency and emissions in these methods. The method of this paper
presents using magnetic plasma technology for fuel-efficient and emission reduction is
based on a new approach. It acts on the air intake of engine, It acts on the air intake of
engine, so that the intake air is becoming highly active and polarized-excited state of
oxygen-enriched gas, which contains a large number of atomic oxygen (O) and ozone
(O3), as well as other strong oxidation free radical (OH *, HO, *), in the affection of these
strong active substances, the burning condition of internal combustion engine is
improved, and fuel is fully burning. Consequently, it achieve the target of energy saving
and emission reduction.

In this article, firstly, the theory of gradient magnetic field and gas discharge
produced plasma are discussed, and it analyses the separation mechanism of the
paramagnetic oxygen and diamagnetic nitrogen which are subject to different
magnetization force under the effection of gradient magnetic field, as well as the the
process of discharge plasma make the intake air polarized and excited, producing a large
number of active substances(O, Os; and so all), these have laid a theoretical foundation
for the technology of magnetism electric Plasma for energy-saving and emission
reduction The theory of plasma generated by pulsed high voltage discharge is first
discussed in this paper, and the course of chemical reaction which is generated by active
ingredient in plasma and main pollutant from automobile exhaust emission is studied.
Then, according to the analysis of kinds of existing gradient magnetic nitrogen-oxygen
separation equipment and plasma reactors and actual conditions, we have designed an
automobile energy-saving and emission-reduction device, which uses the magnetism
electric plasma.

In order to verify the actual results of the energy-saving and emission-reduction
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devices, we had done a engine bench test in the Internal Combustion Engine Research
Institute of Chongqing University. Experiments show that the devices have good results
to reduce vehicle fuel consumption and exhaust emissions, fuel saving rates up to 18.6%,
and in emissions HC purification rate of up to 10%, CO 15%, but NOx emissions is
increased, it also need to deal with by other exhaust purification measures. At the same
time, according to the experimental results, a variety of relevant factors that affect the
fuel-saving and purifying effect of the device are also studied. The factors mainly
include the different types of magnetization groups, the different types of discharge tube,
supply power voltage and the number of energized discharge reaction tube, as this test,

we access to the device's the best parameter matching.

Keywords: Gradient Magnetic Field, Gas-discharge Plasma, Experimental Study, Fuel
Saving Ratio Purifying Rate
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Tablel.1 The limited of fuel consumption for passenger car (1)
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Fig2.1 The force analysis of paramagnetic gas molecules in gradient magnetic field
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Fig2.3 The electric diagram of direct-current discharge tube
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Fig2.4 The volt-ampere characteristics of gaseous discharge
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Fig2.5 The schematic diagram of an electron avalanche
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Fig2.7 the phenomenon of plasma reaction tube lighting
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31



3.13 A5 TR S N SE ) I

Fig3.13 The physical picture of discharge reactor plasmas
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Fig3.15 The structure of pole discharge reaction tube in inside
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Fig3.16 The structure of pole discharge reaction tube in two sides

LA e Bz 2. ht 3. iR e o s il 4 K e
Bl 3.17 P g om0 B A 1 45 4 1
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Fig3.21 The picture of high voltage power
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Tab.4.2 The technique parameter of FGA-4100 emission analyzer
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Fig4.1 Engine-scaffolding test system

38



LN E;"\:,
4.2 e si e s Kl 43 REWLEREHI RS
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RENWHTR A FSAREZN CO. HC FI NOx.  PRITE 5246 v = 2 <
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4.2 RWTE
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KEHERED SRS Lk, DL AE 1000~5000r/min [F1388 B2 R PEXT HE Ak
B, 43 A S ARSI AR R R HE S . SEE D IR T

@© xR SRR IER . 224 ATEE. FTTFRRIIT oG, ¥ HIK I
1SR RGRTT R, WORSIWIINEAEE, &KL, K Eiain-a I 2
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5 KRWERS

5.1 LG FE N & A
A DU RESE I D IR 1 nl Xt Al R sh Pl (B AT B In3E S ) IhkER
e, B 5.1 R REPUELE K 2500r/min R 7R R R IS B e 3K

HRAF B BATTTN

Y &L RO E Sy CAT N AT
FEANLEFT: LI A A AR LA 4 m % m
FEIHES | YH4650-1E | ISHRS | 93¢ HERE 107 iFRATIE | 08-12-3
EEIHES | 0702708 SRR | 0.75gm | ASEHR 102kPa | iFlats | PEEHIEEE
HiEEE S | EIE. B | SHHEE | 19T FEHHEE T4, FEETE | T
Fahth 1:1 Hahes | & | IhEES | cwsss [ H B EHERHE
fEENINEE | 100% 15wid0SE | BIEFRE 1.022 | AR g gaiis
Fr| &bl | Zah | Zzhil | HL @ |4 | (= =k | #F S| #EE | BEE | B EH
S|% & |8 B |3 FEH|EE|EAE|EE FEOE | FE

ritnin M.m Kw Kpa [T T T Kgh gillowh | glowh

1 2477 5.0 1.5 155 6o 56.0 451 1.54 1026 1aoa.0
2 2514 10.40 27 153 70 56.0 464 1.56 569 559.0
3 2511 14.40 38 150 71 58.0 420 1.51 478 470.0
4 4511 20.50 5.4 163 7l 7.0 503 207 383 3760
5 2523 2470 6.5 159 73 58.0 513 224 344 338.0

Kl 5.1 KRB A 2500r/min I A7 1
Fig5.1 The load performance at the engine speed of 2500r/min

5.1.1 fg{veHEMER

FERCE VU RS R0 IR 1 7, RN s 4 B RUNSeiiE rmi b4,
AN S5 B AR S N, AL A 0 XUZ G PERGIA Y, X R shBLdEAT
frRE RSSO SRIm AR R s, R, HdRnk 5.
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R 5.1 F AL A SR G 1 s
Tab5.1 The data of engine load performance only installing magnetization group
Feo REML O REHL RSHL Bl DK R AEmhE R
B oW O o) R ORI i JZ THAER

J

r/min N.m kW T C C Kg/h g/kW.h

1 2500 5.80 1.5 70 56.0 425 1.26 830
2 2500 1030 2.7 70 56.0 446 1.53 564
3 2500 1440 3.8 71 57.0 446 1.64 433
4 2500 2030 54 72 57.0 492 1.92 358
5 2500 2490 6.5 73 59.0 517 2.20 336

51 5.1 5kt B AR SIHLIT JRE R A A L, mT DUAMCHE P 28 (R B i 5 kel v
FERK R ML, B 5.2 A RSN INZEREL AL 5L R RR I FER I O R <k, &
5.3 AR A 5 AR RN i F I O R M e . Bt vl %, R BILI AR S 2
WA S TR T RIS, 6% M 5.8N.m B4 K 31 10.3N.m 2 [], JHHEZ 2B AL,
M TP fEmdelitb s, PR FEZ B R R S 5 e T HA BRI
MEERE A 5.8N.m I [R5 KR 20.6%, FIFEFE A 10.3N.m I, FilRBEAR K %
£ 2.8%, X THHFA 10.3N.m B mEX—HdE, FANAHRBA N EE DT
7,06/ ot RS B A b P K 1 B ViR = SN B iy N TR 23 T L S B R
ISR 5, REHLIEE 7 2 HRIA 3 9.4%, AR

%
—— R
= UERA 20 +
St
=10
=
5 |-
0
5 9 13 17 21 % g 9 13 17 21 %
A (N.m) A (N.m)
52 RANBLIER S4EH X 5 53 iR B I
Fig5.2 The relationship of engine fuel Fig5.3 The curve of fuel saving ratio and torque

consumption ratio and torque

LR T L S 4518 1 S D -
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O REAPAEAREEERS, IR, ENTEANREEAR, BET
S ELA A BRI AL BORE ) S8 A BRI, T Tok st S v PR 10 A AR T 3 R S
MG, AEAR R R RN A RS e B N, AT e R
(AR e T8 A RE, RS SR Ke, $em TRER NI, HEmseir T L AE
R A KR IS (1) S FE IR SR BIH LA BH 2 (0 R B

@ BEAEHIERINER, K T YERE R BHLI AR 2500r/min, 1500 )& W 1
K, T N0 I A A T A AR i O, DA A F AR 5 b B BRI AR oy
T BRI AR W ARE S, FEA M BRCRE I, LURSR ST 2 AR
Eg), BRI E A o1 O R B A e e AR A 1 R A B R
FEAE RO, T E 2 R 398 DK I 4 3 R %

5.1.2 LA FNMEE L EIER

FRRSE RS IR 1 Tk, e RSN G S BRI ke 5 2 AR
(R AR 558 28 AT PR S NS A A 2 2 TR g XU B S R PR TR, 25 8 A
JRCHR s I A A B R FH P s e =X, S NS TR FRL AR H O 21 32, 45 N T LR
HIJRFL RN 30KV, X R BT A Re ik, e s AE R s, Jrese, £l
Wik 5.2,

R 5.2 WAL AR SR A I A sl B s 5 R A e
Tab5.2 The data of engine load performance with magnetization group and discharge reactor
Feo REHL REHL kPl Bl [BDK HA AR
e o O Th ROWRE % 1% THAER

S r/min N.m kKW C C C Kg/h  g/kWh

1 2500 5.80 1.5 71 57.0 464 1.12 731
2 2500 1030 2.7 72 58.0 463 1.25 458
3 2500 1430 3.8 74 59.0 479 1.54 409
4 2500 2080 54 75 60.0 502 1.76 324
5 2500 2480 6.5 76 60.0 514 1.91 292

5B 5.1 R SIHLE M FE R A A LR, 5 P R R S R T R OC R
thek, & 5.4 Sk SRR o hs g A 4R A% B 1 AT PR B I A8 IS 2 A RTAR v e R
MR ML, 1B 5.5 Sy [ N A 2R re s I A8 i 1 il R 5 6 A 1R 56 R it 2
T HHZE P %0, R SR I FE R 2 B 6 A B KT B AIG,  FEH AN 5.8N.m H8 K F)
10.3N.m Z 8], JHAER SRR, TG FER B T 5. M 5.5 v i, 7&
[Fi) o DR A RN 5 B AT B R N I, BRIV FE S 3R IS R B BH 2 (1) R AL
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ERERE A S.8N.m B, TIVHIRIA R 28.8%; Bt #L A A, 15 i 0 3B W 1) FRAIK
MEEAEHEERL 14.3N.m PG, TWHPRIEAE T 15%REFAZE . RSO, K3l
B R Al A 18.6%, A Hml W,

1100 32 7

1000 —— SR 29 r
=900 + " 2 f
= EJHTW&&M{,H*UW%E —~93 |
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> —20 1
= 700 sy |
3 600 Ful
sm 500 ¢ 11 r
= 400 | 81
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200 ‘ ‘ ‘ ! ! 5 9 13 17 21 25
5 9 13 17 21 25 I (r/min)
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K 5.4 BFE SRR KRR Bl 5.5 B 5 TR R R
Fig5.4 The relationship of engine fuel Fig5.5 The relationship of fuel saving ratio and
consumption ratio and torque torque
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i O IAEALRE ST, 3 n] MR G544 (107 A ke S AL il EL RS, W] LS K R 1 L
Ji A DAL IR T, AR 50 T A0 /N oy T B, JE— Bl T IRHE R
LA RIS RS, AITTAE A SL IR 1 il A L R R

5.2 A EMBI X R Eh L HFERI RN
52.1 St

T UEAS Y S BV AR ) 5 R R P A LR SR B R IR
RSP | (R, RSN IS A LR AL, AR
TARMCB RN, WAL S P o2 B SRR B . XU B HE PR AL . OO
DU1E ) Tl B2 UBE A U R 90 (0l LR, R s HLEAT P PR, 3
SRAMFEHEL, S 5.1 P S HLIIMATAE R K, I 5.6 XUZBREER
oL 0P PR TR ) R S R T FER O AR M e R 5.7 02 B0 R A2 B A
AU S A O R M e T 5.6 T, IoKE o L PR AR T L ) R B L
JOR S 5 2 )T 02 R0 Pl P 2Rl A 200 5 3 LR il Rl 2
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(), 1 BB 2 R P 8 KT 508 U 1) BRI S5 G2 02 skl s IR 5.7 m B2
FEE A T A 2 1) 3 2 I SR ARG T XU o BE G IR B A 2 1 it 2%, e KT vl
HIHA 9.16%, H/NTHER 0.88%, “FITTMZN 3.88%, FEIr T-XUZ ML KRG
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ANEM o
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Fig5.6 The relationship of fuel consumption Fig5.7 The relationship of fuel saving ratio and
ratio and torque torque
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@ ™1 3.2.2 & 3.5 NI 3.7 FOBUZ RS R0 B A Rt 2k s B mT 4, XL
JE T8 E TG PR R R A S v P A B S T P TR Tk 2B TN T ), S A 2 P e B
WK T, RS RAERALL P 2 A B AR AR, AT A 2 A I A e i B
A By B, ARIGE T T R R RS TS E ) 2 £i%.

Z IR 5.1 R SIHLE A FE R, A0 1 5.8 XU FE KU HE S FI AR
WIS R PG A 2 () e S 5 SRt I B DG R i B R T 5.9 SUURH: 8 A Tl 1)
ANFRNHE B SO B REAA R e FE S e oG R ith 2.t 18] 5.8 WA, e 7 XUBA
WETCT ) PRI R EAGEH , RIS FE 2R 5 JRUR BN UAR LU FRARAR AN B 2, A R,
R A — € B, 17E K N REARB A Ak, HE 2 LA IR AT AT Bt n e 5 11
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JEAIHLIMFE AR AR w1 5.9 W%, KRS (¥R O 7 AL 2 AN R IR 2 (1
SUTMREAC LRI A B vy 2, B d K RER 12.3%, 1390 2.59%, 1) e KA
1 7.4%, VFRTRB R 0.97%, BEAEFARRIER, P55 5 R AR B R
Uil PRSP S S T et S N P 2 S ey ] STITRTI P S

1100 r 14 r
1000 T —o— kA ol
=900 | AR ol ——
Z 800 - S
Sl e AR AR ! AN
BE 600 L
=500 | =47
= 200 - 0 ‘W 1 \.\
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K 5.8 FeA S IRIMTHFE AR ISR K 5.9 BeFEE TR R
Fig5.8 The relationship of engine fuel Fig5.9 The relationship of fuel saving ratio and
consumption ratio and torque torque
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@ 1 3.2.2 T 3.9 FIE 3.0 AT%0, #EFCHNHESIEREAL AL Y, BB
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AP RASD TLLL AL 32 B A — 2 AR, B B RCR A
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5.2.2 REFFEIR I

h T Y UEAS 7] 45 44 B SR WA 200 5 B R R s, (R R i B DU e s i o0
B Wik, RN IET & E RN E R AL, A IS B Ao
SN o HEACEL 53 903 FHOSUZ B SRR L L SOURS 5 R HE A (¥ BLEY o S5 R sl
HEAT B LR PR ARG, 0k RE R B . WK 5.10, Fhadsk T R BhHLE A
1500~5000r/min I 73 Al 7E 2 A ZNAL F . D0BEXZ 466 5 1 A 24 1 A 2 R0 XS 5 AR )
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2 5.3 A nr %N, 6 F A SHLINRE R 26 BE G IR TR A 20 ) (1) ~F- 30 ke
HAER /N, 4 289.6g/kW.h, HIHAFI et vl LUA 2] 3.78%; 1M N XUtsh i
FIVU)HEZ) 1 BT R A AL TR 7 340 SRl T 8 S B S R S LB AR /N, P31 il o
HAF 0.80%.

- T R fik::ES
FS W h 5
TiEes EAN | FREERR | RER, | SRRER | R
1 1500 | 300.4 | 302.2 | 307.0 | —0.61 | —2.20
2 2000 | 283.1 | 276.7 | 283.2 | 2.27 | —0.03
3 2500 | 275.5 | 274.7 | 272.9 | 0.31 | 0.9
4 3000 | 285.0 | 272.7 | 280.7 | 4.32 | 1.51
5 3500 | 300.9 | 283.8 | 293.2 | 5.69 | 2.56
6 4000 | 312.8 | 291.0 | 304.7 | 6.98 | 2.60
T 4500 | 322.7 | 305.9 | 320.6 | 5.21 | 0.65
g 5000 | 327.3 | 309.8 | 326.3 | 5.36 | 0.32
FHIE 301.0 | 289.6 | 298.6 | 5.78 | 0.80

Kl 5.10 o B e 2 e

Tab5.10 The test data of engine speed performance

WY 510 1E SRR I R gk, ILIE 501, . kg ik
BIHLAE =T S50 25 AF 1 ARSI FE A< 0 B Sl (R 1 KT A, AR A B T
Ko HFHAE 25000/min I, =FPEEOL F KA SIH LRI FEAR S AR [ 21 fr /M
TIA0, ARG 5.10 15 HIAE DN SUREFA AT PU T 1 i A g e R 4, IR 5.12.
BRI, Ik SRR R R AL IR e LR il 4 B A R Tnsedd PUARE ARy 4 anh o
HLPRE DL T R A SHLA A 0 B A (R TSGR, %3 K 3 4000r/min
IR R, R EHTRAC, RJFE AL,

330.0 —— J5ihlL 8.00
—o— X / —o— st &
320.0 W 6.00 A <
§ 310.0 100 L o :
= ~
E X “ e U
5 300.0 | #® 2.00 AN
s 2 N
= i X &
%2900 | 0.00 = = :
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5. 11 SR FE 2 L3R I8 5.12 FR A K
Fig5.11 The comparison chart of fuel Fig5.12 The comparison chart of fuel saving
consumption ratio
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B

5.3 KR E X R ARG

HER DU EE SR D 3R 1, REAT R A A Sl AT DNRAT AT B ke D T8 S s
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AHAEHBEGE . B 513 ARSI QT JFEE 80%I [R5
R Ao id o3k, R HOd s HE o8, AN s Ml

EFRATFE PR BATTFET
FENYLE R Al E

FEDAE T BRI R AARR LA F] * ) i)
FEapES | YH465Q-1E | SRS ] HIEER 102 i 3aETE 02-12-3
EEIERS | 0702708 PEEE | 073zl HSEH 102kPa | idlats | AIBHLERRE
1msRRS | A, BEm | SHER | 19T FERHERT T4% idiAERR | ST
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fEahaE 1005 15wid0SE | EEFRE 1.022 | AR HAE
(i a0 L e O = A 1 == L=< =T S < P I3 Co MOz
S | ¥ # |8 B | X ED | RE|EE|EE

rimin Mm Kw Kpa T G T ppm %o ppm
1 3508 51.50 19.1 133 T 62.0 a00 261 019 2857
2 3014 57,70 18.2 124 79 63.0 600 259 0.40 2733
3 2409 58.10 155 143 fi4 57.0 600 312 0.11 2477
4 2013 57.00 12.0 143 58 56.0 a00 327 0.1z 2044
5 1504 a0.90 9.4 141 53 53.0 473 446 0.54 2197
a 1001 58.90 6.2 111 49 54.0 409 510 0.7a 2080

Bl 5.3 BB BLTT T I I AR e P A

Fig5.13 The picture of engine speed performance at fixed throttle percentage

49



5.3.1 fg{p B AR R E K EEH

MRPEASLIG B, 45 R SHHLE ORI a4 [R5 2 AH 042 R i Ak 20 R0 55 2
TARTR A T B R B . SRR A 2T SR SR B B R, A B A e
G R PPN E, RRAE A H 21 3, WA HEEIE R 30KV, HSt b
WORAHTTT QT 7E 80% M (st SERF RS, 1 s R U H B s JF 3 B,
LG 5.3 1 BB IR B I VF P I 10 P A S i e %

® 53 REWLELRESE

Tab5.3 The data of engine speed performance

Feo RS RBBL REIHL Hlal DK £ 2 HC Co NOx
ol O Th R WE RE L
% r/min N.m kKW C C C ppm % ppm
1 1006  62.50 6.6 77 64.0 476 437 0.63 2225
2 1520 62.50 99 68 57.0 441 413 0.43 2279
3 2010 5890 124 68 57.0 563 308 0.10 2263
4 2502 62.10 163 73 60.0 600 308 0.09 3687
5 3012 63.20 199 81 63.0 600 258 0.33 3072
6 3529 58.80 21.7 79 62.0 600 261 0.49 3681

51 513 Fs R SHLHEBEER A L, M HEBCR HC. CO R NOx
WRE R R M. ] 5.14 S e 5 AN N5 Re vicHERE B 0 i R HC HRsok B ¢
I, B 515 Jyhnde 5 A I 1 REscHERe B I A R CO HEOk B R 2k,
Bl 5.16 A I 5 AN ke s Re dcHE e B ) F AN NOx HEOREE R R 2k, & 5.17
hINZRe 5 AN N2 T B lcHE R = AR i e S R O R . LR LK
AL, HC BIHEOR BB 2 B 3 O BRI, T 2t B K 13 %283
BEAE] 05 CO BFF IR B i e Tkt (1) 385 KT 56 FRAER 21— MR /N AR 5 XA /NI
R, IR IEALREEAE 18% /A, KT 3000r/min J5, HfbFR 2T
B T NOX 0 HE O P B 3 184 Kz i i , Hol B 5.17 i %0, NOx Hiffk
5 HC M CO ML, 1 HLBEAG 38010 34 LA G 2 12 W 3 K
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Fig5.13 The relationship of engine speed and

emission concentration of HC
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Fig5.14 The relationship of engine speed and

emission concentration of CO
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Fig5.16 The relationship of engine speed and

emission concentration of NOy p
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