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Performance and Emission of Diffusion
Combustion Fueled with DME and Natural Gas
Mixtures

ZHOU Y, QIN Chaokui, XING Huijuan , LOU Zhibiao
(College of Mechanical and Energy Engineering, Tongji University,
Shanghai 201804 ,China)

Abstract: Performance response tests of diffusion burner on
the burner flame tube and heat transfer within industrial
furnace were carried out by means of adjusting the proportion
of dimethyl ether (DME) in natural gas. Results show that
DME mixtures can give similar thermal efficiency in
comparison with natural gas, which implies that the mixture
has an acceptable interchangeability with natural gas. In
addition, pollutant emissions when fueled with DME mixture
were found to be consistent with those under natural gas.
Particularly NO, remained quite low. It was recommended
that DME percentage should be controlled within 10% ~30%

for the sake of economic feasibility.
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Fig.1 The diagram of diffusion combustion fueled
with DME-NG mixture
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BRI R/ T 2R 6 Ry 1140
mmX1 420 mm X1 060 mm, R FE2S 6] K] 2R 560
mmX 850 mm X 600 mm, FEERASARIEZE. Wik A
Peas AT B T 5 e EE , BABE =y 1 ) B4R 160 mm
HIHEIEHE . %5848 A DME J5 8% ik il 5% #
TR N IR AR AP AR P A N A B A P, H
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Fig.2 The diagram of small industrial furnace with

the layout of iron cubes
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. DME 5 RS R ;& 3E B AR, W%
FEEAILLAEENITFE, B2 LRI B EFRFR
BlEL. 43K DME B 1R AR 45504370k 0,
10%,20%,30%,40%,100%. HFF-ShIAH 2HEL
IS B (AR A BT AR IR 4 T+ AR, (A 3576 LM
I RVFEE .

(3) EHFBRETLLT  REFR SR O AL/
WRRLEE T CHPITT 4 J5 0 D 4 F8UE B B
FEAZE KA 1 g RO B RS e P, A CO,
NO,,CO, Rt Fz MB35, B HKHEH O KR
KB HIK .

2.2 #HENE

SRS A 4y JDME 443 R A SR 431
H AR , W o T B R R BRI,
BRI R GC-920 KA IEIL. DME B4 & 2
8 GB25035—2010 ¢ 3% 48 2 < A — W mk )M A
GB/T13610—2003¢ K #8 S, B 4 5% 43 A < AH 3%
ZOUel, Al A AR e Bk 3 AT 4 0. R B, 4K
GB/T12206—2006 35k #R < A8 FRE X 55 B2 Il
gt R AT UK VE OTHR 56 DME #
PAEHATINR, G5 R A0SR 1 Fis. B PT S B R A
SAIPAE SO 35 P4 R s F& 1 .

=1 RESEHREMRER(15C,101.325 kPa)
Tab.1 Test results of calorific value for experimental
gas(15°C ,101.325 kPa) MJ ¢ m3
KRR X% F DME

WH @ #E GREST  BEN
HEER PR LR HELR R

[ e 38.6 39.0 61.5 62. 4

fEHE 34.8 35.1 56. 8 56. 6

2.3 RYERTR

Kheas i o ZR B DME B %0 A2 AL 15 0L
Nk 2 fron. hisR 2wl LUE 1. 1 TS5 DME 9 #4
E L RS, F B E DME (R 800 171, 1R
ARPME R REZ I, TR D REAARAL. [H oy
RIS 5 DME 4 8T, £ % 1RSIt B
& DME B  B 3 b, IRa < HVE T . (2

BEASRBEAS B0 B R B  BUR PR D R AR

AAE.
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Tab.2 Changes of combustor power at different
ratios of DME(burner flame tube)

DME {1 R HME/ R/

/% (MJ»m®)  (Nm?eh 1) DR/EW
0 34,72 1.12 38. 90
8. 57 36, 90 1. 04 38. 48
22.11 39.74 0.97 38. 48
30. 96 41, 83 0.92 38. 63
40, 67 43,98 0. 86 37.99
100. 00 56. 60 0. 68 38. 23

B K IETPERR KA AL B PR B A A TR 2R
RO BE B KA A B 0B ER, IB BB E B R T %
AR o3 IR e A A% P AR R AR A, PSS R
3. MR 3TN, B A DME J5, KIAR A 8%
I T AL,

£3 REESHRZERE DME RS HATLER
Tab.3 Cooling efficiency of flame tube at
different ratios of DME

BREHKRG
DME
R/ HEdOmE/ O WHUKER/ AR/
T (Nm?® » h™1) %

0 14. 86 1. 586 70. 53

8.57 16. 21 1.438 70. 51
22.11 15. 41 1. 449 67. 56
30. 96 14. 99 1.522 68.73
10. 67 14.72 1. 589 71. 67
100. 00 14. 89 1. 606 72. 81

FIFRIE b RES SO S H CO 5 NO,
AT BURE A3 B, H A5 IR L3R 4. R 4E BS EN676 ¢
2003, M CO F1 NO, HRF 45004 0 iz 3T 8 2
HREZ[EZ o =1 WHHE R, o« HTRITES

Vo,
a= 21/(21—79 T00— (VR;Z +V02>>
K Vo, WIS HF =R F 0 F RS EL Y05
Vo, HIHSH O, MR %,

EN676 £ 2E , 1l B8 B2 25 i 88 b HE Ji B 15 2
CO<C100 mg » (kW » h)7' (93X 107%),NO, <170
mg+ (kW « h)71(96. 8 X107%). NFE 4 A LIFH,
K& DME R 80 A 38 0, o WEAE 34 0, HEB Y
CO HEmE Z#E />, NO, Hil B %A B E G, H
AR K B R FMRESK  iX UL DME 8 AR
WEUARR S RPN R, FE— TR
B iR n] LUdeE CO yHERL.
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Tab.4 Emission at different ratios of DME
Dﬁl\fgﬁ;ﬂ Vo,/%  Veo,/% @ Voo o
0 WEAE/1070  $HBEH o=1150/107° WEMHE/1070 HEH =1 1FN/107F
0 0.40 9.72 1.02 88. 45 90. 19 46. 75 47. 69
8.57 0. 88 8.99 1.03 7.79 8.13 21. 30 21.94
22.11 1.02 9.26 1.04 3. 65 3.84 23.77 24,72
30. 96 1.73 9.16 1. 07 2. 39 2.61 24. 98 26.73
40, 67 1.75 10. 28 1. 07 0. 86 0.94 58. 54 62. 64
100, 00 2.16 11.08 1. 09 0,02 0,02 69. 11 75.33

“E‘E:V(}()Z ,VO(),VN()m ﬁ%u% CO; vCO’NOx B‘Jﬁgﬁ:{ﬁﬁ

2.4 INBUPE
2.4.1 BREeessHER ARk

5 IIR TOL A, /N 25 T T B4R
Fearl X ) ZEE DME (R 73 B AL R L ik 5
B,

x5 BhEEERTHER DME SRS HMTLER
(MR Tk k)

Tab.5 Changes of combustor power at different
ratios of DME(small industrial furnace)
| YEAE N=PaW=—Rr N =X
T Ofam) eany kAW
0 34.72 1. 23 42, 82
9.11 37.00 1. 14 42, 25
13. 19 38. 31 1. 09 41,93
20. 53 39. 82 1. 06 42,33
31.63 42.22 1.01 42, 80
41,50 45,07 0.95 42,77
100, 00 59. 86 0.72 42, 90

FEAR A B DME JRER 22 80T, BRJGe % 7 2 TAF
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#r CO #1 NO, Fii DME R BARL4ER , i 3
B, BEE DME SRR 8l 0008 10090, <

Hooor —a— B EJECOTHIE 1°°

—— (£ TEENO, P

b
P45 =)

40 =
358

800

600

400

200

B IE G COERI N HP-H(H/10-6

L 0
0 10 20 30 40 50 60 70 80 90 100

DMEAFAS $0/%

3 @S COF1 NO, FRNB(EER)KE DME
RS

Fig.3 Changes of CO, NO; (revised) at different
ratios of DME
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% DME R B B3 in S B 5T I i ie p ke e,
7£ DME (ABUBUE 2 20 % Bt iR e bR, 40 & 5 Br
N WP IR R 0 S BLE 13 040 25 5 T A i P AR Bk
R R 8 s R BIAE 20 %0 78 A7 » 330 2 PR A 4 e 3L B 0
RO AR TEAN B N B, 22 B i P IR AR AL A B B
BT HERB AR W, T R YR BE (A0 S A AR AR e
23 [R] R I A, B2 BV IB LTS KB R E KA
BEFAE IR, B LA SERS Tl 25 i V8 F Sk o
MHR AL E RA S M E. MKARFA
5L E DME RBU B35 AL A B 8, infE 6
B,
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Fig.4 Changes of furnace temperature at different
ratios of DME
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Fig.5 Temperature changes of iron cube 1~4 at different ratios of DME
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3.1 RIBRETR

Bl L XRASMHE N 4 50 - m° ,DME #r4g
K 4.4 70 » kg™, UL DME 25 B 2. 056 kg « m™°it,
PEMKEA 9. 05 70 » m™°. RSN IE 35
MJ « m ®,DME #zH8 28. 835 MJ « kg 'if&, N|R
AN REMARH 0. 114 56 « MJ™', DME .4
WAEMAE A 0. 153 8 « MJ .

HIFT AT » KO 1 100 03K 3 2 R R PR 2R 7 1]
T T W BE AR Ak o 117 A ) 10 2417 B B S5O 1
AR Y A7 Bl KHETE RS B S R ], a4 S
R 6, R EERE A TR

R 6 MEIEHATATHENIE. Jrkin T R e
F—BREAHSETHRERMER Q. LB
RECHXT MBIR T WIASCR S BREB BT
FIFAE Z e B, S F 4 RAR SR O T B3I K B TR 44
7. XA O M aEAs T DME BiR G A& SRRt

ML A3HTER T AR, BAR KSR IBIR DME J5 #r3k
B FrEF (Bt F DME FEX RARS R B
AR BT A2 B v/ JE &, DME B3R R L 43
B 10 % 226 M °H.

R 6 BURBBRINE SIWEEM DME RS8BT L

Tab.6 Changes of combustor power and cooling
efficiency at different ratios of DME

DME BWH  AHAKRR/ BHKERE/

amsy PFEV ey (e kW
0 45,77 64, 98 1. 584 29.71
9, 47 46. 55 69, 57 1. 656 32. 36
20. 29 46. 41 68. 06 1. 561 31.53
31. 48 42.14 66. 44 1. 587 27. 98
40. 98 40.78 60, 58 1. 584 28.13

%£7 TEDMEBEILGITHER
Tab.7 Costs at different ratios of DME

DME M/ % BEASWE/(m® b)) $A/GE-h ™D
0 4,74 18,97
9.47 4.18 18.72
20. 29 4.01 20.17
31.48 3.87 21.63
40. 98 3.52 21. 36
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Fig.6 Temperature changes of flue gas at different
ratios of DME

3.2 NBIPRETR

AT BT » B0 B T4 1 3 A Ak 3% 3] g
WA RE WIRELSFIE RN . B, %8s
Frrk i R R K G THEE &8 2, ik B e
PRSI

NP 4 ffas, 3818 13. 19% F1 20, 53 Yo A B 451
DME B, B R B 2 sl KRR BT B RS £, 5T
FHEF 650°CALFEE 15 min, M/FEFE 1.5 h
| ; DME &40 B K 2 31. 63% F1 41. 50 % IR
FER R TR, HAE RIVK AR Y ; 65 T8k DME
WD EERTHEFETT R T RERRTFRAS.

MBEIMPER B R THE R E , KA HFEY
IR DME <R g i A G ZOR R4 8. (HE
MZGE A B &, DME 78 Tk E 5 i #OR5 TF ,
ST R FRRR TSR, #iY DME (KBS 5 i
7E 10%~30% 22 .

4 it

(D RIRKBIE DME BESH T KA, &
FERAS HHEM R AR/ RT , BIRAF AR
4380 DME B #s AR AR K, UL IR A SARXT TR
R ABBG R E Y B4, BIRA R
DME I35 e HERCH 25t R K, ELARAE 5 47 A ek
L EIZ .

(2) RREBIE DME RESHA T/NP 26T,
ATLVE S AR IR E SRR AT RIVRBIR
DME RAS 5 KRS M . AT EARAE. HE
# DME (KB TR » Tl 25 i8R T BE
FARFEARAE ; Toll o2 PO A0 IR T s 2 S B S i e

SRR S H PR IR 7 DME (R4 80k
200 e A IHIR AT Tk P & IS g CO R
SESRE IR W RS TP E RS NO,
R B —E R A BIRK T, A R3Z DME &/
Sags G oA

(3) BARKASBIE DME J5 18 3 =K i i
Tt (02 T DME X KRR S B A w
FRUAMZE 501 M S % , DME (R BUM R 109 A
hH.
(4 MBetf B & , DME 78 Talk 25 57 i #4
ROUT s R T8 Ak (R T 7R %2, 223 DME &1
B HIZE 10% ~30% 2 [4].
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