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Abstract: Explosion-proof diesel engine is one of the most widely used power sources for auxiliary transportation vehicles
in coal mines at present. It is affected by explosion-proof transformation and harsh underground environment, resulting in
serious exhaust pollution, which is contrary to the green mine development strategy. The emission standard of Non-road
National Stage III has been implemented in coal mine since December 2020, but at the present stage, the exhaust gas puri-
fication of explosion-proof diesel engines for mining uses the internal pretreatment technology, which cannot meet the
emission requirements of the Non-road National Stage IV and higher standards. Aiming at the problems of serious ex-
haust pollution and lagging exhaust purification technology, a four-element combined exhaust aftertreatment system was
designed. Through simulation and bench test, the structural parameters optimization of key components and the purifica-
tion performance of exhaust were studied. First of all, according to the explosion-proof requirements of underground coal
mines, a four-element combined exhaust aftertreatment system of explosion-proof diesel engine composed of Diesel Oxid-
ation Catalyst (DOC), Diesel Particulate Filter (DPF), Selective Catalyst Reduction (SCR), and Explosion-proof & Tem-
perature Control device(EPTC) was designed, which exceeds the Non-road National Stage IV standard. The heat transfer
analysis of EPTC device structure was carried out through the STAR-CCM+ software. The results show that the pipe wall
temperature is less than 150°C, which could meet the explosion-proof requirements of coal mine safety regulations. Then,
taking a 60 kW explosion-proof diesel engine as the research object, the simulation models of DOC, SCR and DPF after-
treatment components were built based on the GT-Power software. The key structural parameters and purification per-
formance of the aftertreatment system were optimized by orthogonal test, and the optimal structural parameters of the key
components were determined, and the following rules were obtained. The purification efficiency of pollutants increases
with the increase of carrier diameter, carrier length and channel density of DOC and SCR. The effect of carrier length and
diameter on the capture efficiency of DPF is consistent with the laws of DOC and SCR. Due to the special wall flow carri-
er structure of DPF, the capture efficiency of PM particles can always be maintained around 96% as the channel density
increases. On this basis, the coupling model of the explosion-proof diesel engine and the aftertreatment system was estab-
lished, and the simulation test of purification efficiency, power and economy of exhaust pollutants from explosion-proof
diesel engine was carried out. Finally, a prototype of exhaust aftertreatment system was developed and bench test was car-
ried out. The purification efficiency of the system for CO, NO, HC and particulate matter is greater than 95%, 90%, 83%
and 95% respectively, which could meet the requirements of the Non-road National Stage IV standard. The overall output
torque of explosion-proof diesel engine equipped with exhaust aftertreatment system decreased by 4.83% on average, and
the overall fuel consumption rate increased by 1.19% on average, which had little impact on the power and economy of ex-
plosion-proof diesel engine.

Key words: explosion-proof diesel engine; exhaust aftertreatment; four elements combined; parameter optimization;
Non-road National stage IV
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Fig.15 Coupling model of explosion-proof diesel engine and exhaust aftertreatment system
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Fig.16 Purification efficiency of aftertreatment system for exhaust pollutants



2558 # % F #® 2024 4E55 49 %
80 | —a— J5HL
—o— 35 A FE
70 -
60 -
=
=<
5 50
=
40+
30+
20+
1000 1200 1400 1600 1800 2000 2200 2 400
H#/(r - min™)
(a) fir i BhET L
290 - —= AL —=— JFL
—o— Jn e b7 320 —o— ik 5 hb R
280 z
- 300 F
2701 E
Z 260 280 F W
H 250} W
260
=
240 z
230 240 -

1000 1200 1400 1600 1800 2000 2200 2 400
34/(r - min™)
(b) FrHHH XS

1000 1200 1400 1600 1800 2000 2200 2400
H3/(r - min™)
() PR FEZR XS HE

K17 RAURIEE RGO 8 kS S TR

Fig.17 Influence of exhaust aftertreatment system on power and economy performance

M e, 38 3 5 A 56 J5 Ab BEGE R A R, il TR

“DOC+DPF+SCR+EPTC” gt L3 b/ “PUoT” &
KEAG I RGN, B E K 6 Frnids-F
BIHAL 60 kW Big S MBI, TR B SRS
JE bR R S 5 AR (5] 18),

=00

s L |

DOC+DPF 58 &

B A 4 i

K18 pigsemyLR s b B R SRR 5 4L

Fig.18 Test platform of explosion proof diesel engine exhaust

aftertreatment system

AFHINPE 18 P A 5 2801 i 2 U b P&
Gk REIKS, FF X H 7 B IR A5 R, AT R
BRI B HER T . XL R R AR BE R
GEERETEATPPAG AT

K19 B m2 R E AP R S5/ CO, HC M
NO HECE P B S5 E XS o thE 19 a5, i &
THAEZE R 5864 P 25 A — MR g b, B
WG RAF. 5 A0 R AUS b B 7R 45 1 B 1 S
HUBEAHLAR L, IS NO L RCRTE 90% LA |-, CO
HALRCRIE 95% L) I, HC bR 83% LU L.
% B SR AL B R G R TS Y W HE T B A R
SR E A — B, UE ARG 4 A P oo a5 X
RBAFHE ARG H RIS SE0m&
FPE

5 & i

(1) BB 1) A8 B TV HERObR e, BT T B R
Semmpl ot A BARAE RS, fE i ik
il T RAUF A RGN R G445, 45 R
CO HFRCRIE 95% L), NO HHERERAE 90% L), HC
HALRCRTE 83% VL, Tk S RCRAE 97% L L,
A R AR B TV HEBOR R, O AR B
PRSI T BAE A B AR I 5 RS

(2) = TCMEAR SR A Ak 27 S I 2 [A] Fh 3 AR
AR AR LI % S S, X O 2



s &SE BRSO T AL & R R A B R ST SR RE A

2559

500 QU
5

< 40f g .
2 % 7?%
= 7 ] a 7B
'ﬁwo- g % ééé
=S / A % A A
cwadd i I
° A RARARAARA AR
A 111111
w A A AR AR
A A A A A AR

A R A A A A R

00 1200 1400 1600 1800 2 00 2200 2 400

10
54 /(r + min™)
(a) COfZHEBEXT L
ol A i il A Vi Hiit
. 200 A
%
5 o o THN P
= = Ur “m B V/
® o6l % ????ga
& o, ’ s A A RAA A
- A A1 A, oA A A A A AN,
A B AAARARA Rl Z AARAARARAAA
1111111 s A AR A A AN
A A ’ 7
A AN é é é A

1000 1200 1400 1 600 1 800 2 000 2 200 2 400
3/ (r - min™)
(b) HCH & HEREXT b

00 1200 1 00 1 600 1 800 2 000 2 200 2 00
Hd/(r - min™)
() NOSBAHE R X LL

—_
(=3

K19 RIS 07 5 S AR
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