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Abstract: Facing the present severe air pollution situation, the urban gas sector and all the relevant industries will have to actively turn
to the trend of low-carbon and diversified gas utilization. The renewable electrolytic hydrogen, enhancing the level of natural gas in the
alternative energy sources, will become a potential source for domestic gas appliances. In view of this, based on the combustion stability
and gas interchangeability theories of domestic gas appliances, an analysis was made on the optimal proportion of the hydrogen—natural
gas mixtures as desirable urban gas fuels, and the effects of such hydrogen blended with natural gas on the energy efficiency of applianc-
es were also verified by the 12T reference gas test. The following conclusions were drawn. (1) Due to various Wobber indexes and differ-
ent caloric values of variable gas sources, different hydrogen percentages will be necessarily blended, the maximum percent by volume of
which should be no more than 20%. (2) The gas blended with such hydrogen, due to its lower caloric values, will cause the deviation of
thermal performance of especially 12T reference appliances, the energy efficiency of which, however, will not be altered at all. In sum-
mary, such hydrogen—natural gas mixtures can be directly used as fuels in the conventionally-used domestic gas appliances, and no signif-
icant change has been found in gas safety, energy saving and technical performance by present.
Keywords: Natural gas; Hydrogen; Alternative gas source; Gas appliance; Mixing ratio; Thermal performance; Gas interchangeability;

Adaptability; Energy efficiency

EEWAB : RiETAHEOHRITH “ @R 2 e S L REBE AL MK (9T : 16YFZCSF00480).
EZBN « o, 1982 424, MR LRI, Wil FEMNHEBAMES 2SR H P TAE. Hibik . (300384) KE:iTpTF
X A5tk X AV 16 5. ORCID: 0000-0002-6664-5704. E-mail: yanrongsong_tj@126.com



- 120 -

201842 A

B & IR BE AR BH RE (19388 K Dy B A /K il i ] P42
SRR 2 MR AR Ty, DAl B AESE AR
RARS ] FEABEIR 5 LA — R i, 2R
# T MR RIEIARBE T, B AN LA 25
HEAT T S ATIE  BF AT, 2002—2006 4 WK I 2 5
2> LA BE B 58 7S HE 22 I H NaturalHy, 377 T4
SR HIA B RIRR RGBT E LT
¥, NaturalHy 7 B, [a) RIS HENES 0] DR
FEAMKBHRERZERK 2—MEH “GE7 K
RAFEY, #E DVGW B T RARSINELERR
SUHITC 22 4045 EB A DA B 2 iy 2K F RS0 EL A R 1) 1) A
GasTerra. Stedin 1 KiWa RS 7F faf 2% 3E 47 « ] BR 2%
By nrdpal e i H R A, @ R AE P R R AR
(G255 FEANAARWIRTERA, FEKLTIREGSN
T 2R W DL B AR GRS BRI 5 5 THT 4236 P

R B R R SR ARG LRI (2014—2020
) IR A H R ORSEI 2020 AR BRHEBOEE
EL 2005 45N B 40% ~ 45% BT H ks, LS+ =H”
FURIFE G« SERETE A b 45 K F AR e U A 2R
WRIH. PR, S, . EENREEE,
L3 7T R R R A AT A R AR AR R R L. 2
JCALHR SRR T k. Ak, A RIE B
AR E, BiIgHH TEASIMA KRS
MR AR E e S B e, SRR T 12T B R AR
SRR T RKAR IR S ST Z A R BE R 52 o

1 EBiEoHr

L1 S5/ RXRAKEARYHE

MBI AR A Z, Hha A5 mARR
AOCEZERI AT RS B AR, HP AL 5
AMRRZER K 1D,

F 1 SEMPREYECENRMEE

ZH AR Hbe
RHAME (H) /(MT e m ™) 10.23 34.04
EHE (H) /(MT em™) 12.07 37.77
A (D) 0.069 5 0.554 8
EEAR (W) /(MT+m™) 45.78 50.71
HigESE (V) /(m’sm™) 2.4 9.5

VE : HEIE N 15 °C, 101.325 kPa

R 1 AR, SRR VE (D) 208
BE 32%, HXEE (@ @ THhe, Higs<E

2R B 25%. AR VPP R I 2 S H A 8
(W), HAERNHFEER 90%. Kk, AN TEASB KRR
SN T REEEEIA XA RSN,
AR PR et BB IR A, T8 R — i gl B
12 ETHERENSSSEHRTE

AT A R B A2 4 — 8 IR S Wit 1. 4R
S RA AT FEOLRAE . 2 B AR R 1 K
ARG, R E R Be R R f . — IR R R
BRlefaE e, KA SRR b Tl 2 . M4
M BIRR SR FEUR SR KA, REA
BRIGEZ= (P RA R Tl sl 2 oA, AT S e A L 1R 1 e
P2 FHEURE MR BEA R B TR,

RPER R BN ZR, SRS P RS
PEURAE U R, B 3SR S S B TR,
BNRASBEARUEF 224 i Mmasr i< 7. W
I, B AN KRR SR B AR, 2 20 %
JE HL A ) BG4 SR S E A Ta . B
WA RIS s, A AR sAEB A .

FARS LS BT &= /E GB 17820—2012 K 4A
). GB 50028—2006 (AL BT FITE) A GB/
T 13611—2006 (IEEEA o RAFEAR ) H# A
BARHIHE . GB 17820—2012 ( KARA) 481« “4F
NIERABEH RS, BRARAES BN —
FARB KRBT, —RBRABIEMKAEAD
/NF36.0 MI/m®, R RRS AL RIEARN/NT 31.4
MJ/m*”, GB 50028—2006 (IM4EBR< BT IE)
SRR BB . OB (BRI ES 520
{10 FA g A 53 (10 B LA A U BUR L4 R 3K
QIR BRI 25 5 1 1 I 3 3 TRl B 4 BRAT I B K
Pt GB/T 13611 (U BUR S o A E AR ) IR E
I REIE M A At

B E TR AN, — BB 12T RSN E. 7
2016 1217 GB/T 13611—2006 I, BR{#E T 12T K
SR B A RE L N 45.66 ~ 54.77 MI/m’® 131 5E
Ab, IR B T AE BV LA 31.97 ~ 43.57 MU/
m’, 12T KARSHIFEMES I B A 0 50.72 MI/m’,
EAVE AN 37.78 MI/m’,

AR T3S E PR s e VB B E A -

4 = 54.77 -50.72
50.72

AT B S N R e LB BN E R

_ 45.66-50.72
5072

B 12T RAR S 4 3 000 1 i s Y B T

x100% =7.98%

x100% =-9.97%



538 55 2 W - O 7 N <121 -

—9.97% ~+ 7.98%.

FEOT T AE S PR = B BN E R -
 43.57-37.78
3778
FEO T S B = A B B A
~31.97-37.78
3778

B 12T K48 A1 s 3/ E 7o VF 3 3 36 B A F
—15.38% ~ + 15.33%.

ARG RRRBIRG, SME 103 AR
SR, HARE. B M AR GG
S GEPEMR AR 12T RARSFFAEZ R FRR. ANFES
PR BIREAS R KRS, BT
WV . IR o 3 T A SRS s B, 7R
GB 13611—2006 ik 12T < i 3 5 70 [ % 35 $ 1l
CASE LN I Y NS B e S AN
rrEVSYE 1 AD, BHTBIREEI A, WK1 R,
WA SIRLE 12T RRTEE N T 325 O H 28,
FEAYE N LNG, OF KM LNG. # 5 LNG H
Hrem LNG %5 ; @Q L 2%, FEAERAHEA. #igA.
RIFFAE ;s @M, G5 12T-0. BrE T, &
BARS. Jidbig . SRR, XHEFLME
BRRAE 2 . PR 3 R HAMREMER 12T-0. K
M5 LNG FIH S HAONFEA, 20 & AN [t ]
ARMRAE BSOS S VE.

x100% =15.33%

1

x100% =—-15.38%

2

BT w wpmpirA
® 12T HBIA
54 1 Kk KISAIBIRA *
ST IR U
— TR x X
52+ e
B PR
® 12T-0% *
50 F K RIEE LNG & i
§ N %
= 48 } ®
= * # | D
< [23%H] . D
= 46t ° o
|
L
44 "
|
9t
40 1 1 1 1 1 1 1 1 1 1
26 28 30 32 34 36 38 40 42 44
Hy/ (MJ - m™)
Bl WmIAERASSHRSRESEERH
METERE

MEAR S KIS LNG B3R, {53 2 GB/T
13611—2006 Xf 12T FIRZRKEH T, AJHBEAS
(R8s R LLBI 298 35% ; MEA S ERHSBIRN,

R H AR S R, TTHBIREA &K HIZ) N
15% ; MEASRE 12T RHESBIERN, THRASH R
KECHIZI N 23%.

BT A RSB A T . SR RE HlE
T2 B AR A B HoAth IR 2 A0 Ak e, R HELE B A S Bs
N AR RSBl B R LB SERYE . NE AU
PR EL M ) B, 9F 25 8 AR S 1,
RIRFFBNATTENAKRT 20%.
1.3 SEMAXBRSEESE M

58 SCEL 4 1 A O R R R M 4 B T AL
EAVEBRAVE . SO HEURE . e,
Xf A A ZERRIN, BT LRI . 9 S DR R ROk
A% BRI, EESERRHEOH. B
KIGHE TR MBS (SRR REAMERARE)
SR HRER —-RRHME. LG RERR
PR e AR AR Fe bR . T E B 1987 SFH 4G
1E UHE Vv B B R A AR B3 MR8, JRSE R A
BRAAE A RIRA A T Z S F8 b5 ok 7 A Fi A
Wk i LA P

MARGRARBIRN, AT 20% &2 ME
A RAR SRR F R b ) R 1B Ol an ] 2 BT

BEEASMIMAN, RASMEE. REMEH
LSRR pras i U, i E S
Fb4&E4 15 “C. 101.325 kPa I, XTBIRAF L FIA
AJE B GE AR X B RE R B R R AT O
H, MBS QEIRG, BESAMH%EEHEE
AATENEME FHFES, YA ETEILE 20%
INf, MR FEAR AL 0.457 8, 5 B A 5 R L
TF17.5% ; QIRESNMEMESASEHEMET
BEash, HESRSEIEE 20% K, BESKENME
AE R 32.64 MI/m?®, 5 F G g FAE R LG R BE 13.6%,
R AR IVE AR HY 29.26 MI/m®, 5 F B AVE
AL TR 13.9% ; @IREAEOHEE S E 2
ME TGS, HEIEEILR 20% 5, BEW
AR N 48.25 MI/m®, 5 R kR ASELL T
BE 4.9%, RESIREALEEN 4324 MI/m’, 5H
PR LRI L R B 5.3%

2 WMRERES

2.1 BRIRTREMS

% 8 GB 16410—2007 ¢ &% H RS By, CIT
386—2012 (HERE). GB 6932—2015 (% RS Pk



122 X A T 201842 H
0.60 r 38 52
—— I el ESE
36 | —o— [ 50 F —o— {ILAE 1AL
0.55 ~ e
E 34 ¢ E 48 |
= 0.50 = =
§ 32 46
L = S
0.45 30 44 \
a. b. c.
0.40 1 1 1 1 28 1 1 1 1 42 1 1 1 1
0 5% 10% 15% 20% 0 5% 10% 15% 20% 0 5% 10% 15% 20%
AA AA AHAS A

B2 REeESHMSHMESTENTHE

HIK LY F1 GB 25034—2010 (A RBE ALY 1419
DRR ELAE AR A 12T v AR oz aim itk « o5
KEL KGR EEEVERE, RSS2 I TR L
PREEDR 5 RV B AHUTATIR RS LR, AT A A
AT EMREASRE, HASJ R, Kiafe g
AEREHE, RILBE M EK S KGR TR E IS, Ui
Frise & S Bl e ATESE bR R N, AN h B
AR EE I

22 HfEEIHRES T

RS EEAKRT 20% ) 12T SRR SB
AN, MR HORES . RIRAUKIPSEFRIAR CK
AR AM TR E3R1F A SEI0E R UL 3,

—2.9% [PV
ey =126 25% [__PVSH
| Psact

- -4.9% a: 95%CH,+ 5%H,
% b b: 90%CH,+ 10%H,
K c: 85%CH,+ 15%H,
= d: 80%CH,+ 20%H,
\“C':
&1
= ©
=2

d -8.8%

-6.0%
0 -2% -4% -6% -8% -10%

FA iR i 2

3 RAMERGERERE

MR RRY, FEEARSEMEGIN, [PFE
FIACHI AR, FITIDR L B S A PR . AR A
(10 3000 K A 571 7 A R 22 3 K —7.5%,  #ROK 38 IR
AT HE X O 22 Bt KON —8.8%, S I A K i 4k
A R R 22 B K —6.0%. HI I 3 AT AN, 4ES
BrRAE 20% I, PREL U U BEAS T SRLAEK FRAIK 4.9%
THE AT 5 SR A i 22 1.9% ~ 3.9%.

23 HESH

T 1% GB 16410—2007 ( & H RS E ). CU/T
386—2012 (LKLY MIAHOCH REIR, XL skt
AN B U IR Bk 55 4 2908 Bk A7 #80o%
MR WA R R - EBEAMRIAT, B
GB 16410—2007 H & A K T 55T 55%. ik
NIRRT LT 50% HIESR ;82 Bk i 3 k
iR CI/T 386—2012 FHKRA/NT 50% [IER;
H 4 B BAEAF &S &SR T REE L GB
30720—2014 (S BRI L B A4 R 2 A K Re 55 40
g e Rk BN AL & 1 Rk 2 P E
KB 4. BAAKRE, JUMBE M B XS0 1 3& B
PERE, MEAGENIG R, BRI, HEILE
ok ELRE AN PSR (1) AR KRR E , AN K

75% - B 2T A G AT e A R

70%

ARG ERERA

a: CHi, b: 95%CH;+5%H,, c¢: 90%CH;+ 10%H,
d: 85%CH,+ 15%H,, e: 80%CH;+20%H,

B4 FRESZERASUMERGRMXERE

18 GB 6932—2015 {5 I BR PR #hoK 2% )
MIAR DGR A TSR, Tl AR 5 920t Birice 1 SR S a0 5
HlHE S U PR AR B REATEAT BRI .
SRR AR T, P oK 38 AR



38 BH 2 M - O 7 N <123 -

P13 2 GB 6932—2015 HH Al e # A7 Aaf (1) FA R AN/
T 84% MIER ; HAOKBEARGHAEN AR MR
FEIEi 2 GB 20665—2015 (5% F RS BRid ok 25 Al
PR AR R FA Kb e % PR B S BB REE ) A R
IKARRERL 2 HBR (] 5). EARFEIECR T, A
[F) 28 AU 1 LA A K 28 5 35 VR A0 I B LA o R
MEBEREEANTERIG R, M RERE, SHEN
PERE AR A — 3.

94%

WFEA | ERFEA 2 MRS 3 BFEA 4 MRFEA 5 IFEA 6

92%

90%

88%

HOUE

86%

84%

82%

80%
AN SRR

a: CHy, b: 95%CH;+5%H,, c¢: 90%CH;+ 10%H,
d: 85%CH,+ 15%H,, e: 80%CH;+20%H,

Bl S AESSEBERRSRERKIFHREEMAER

F% 8 GB 25034—2010 (BRSCRBEIAAKYY HIAH
RHEARER,  FIARAE 200 BT i A TRIR R SR IR HAUK
PREARFAT IR WAL R BN, fEARFFRGRER T T,
ENGESENPE VIO AYTE? Mo N C A K5 SR i
BORAS T EINR, MEXRERE (B 6).

06% - TR | SRR R A 2
93%
90%
87%

84%

ok

81%

78%

75%

2%

ARG RA

a: CHy, b: 95%CH,+5%H,, c¢: 90%CH;+ 10%H,
d: 85%CH,+ 15%H,, e: 80%CH;+20%H,

Elo AESSEFERARSKEAKPHRGRMIAEE

LY

3 Zme

By

5L T 5K B R EL (0 R 8 45 1 3O R B R bR A
WS T R A AR BIRE R KRR AN Z A& N
PEECTVEREE MM CGRAURT . PR SE), 13310
T

1D KIS LNG 4 A BEE S, BT 5 I
T RARA M, TE 2 GB/T 13611—2006 X 12T K5k
ARMESEABAREREN T, TBIRARMN R
KEEHI R 30% + F WAL, WTHBIR
A KHHIN 15% 5 16 12T FET P T BIRAS
(8 R LU 295 23%, 2% R& B A B IR RA 8 25 1 13
Whbe s SR i3 I R AR B LA DR 3R 1 4 o
SEMAL, N RS B R, SR R AR
W@k, e R BANAAEENAKT 20%.

2) SRIGIINR & A EAE 20% LA R ARSI,
TBEARBRAINIME. LEBIIET 12T ik R A
SAHRE, TE 12T BRE L AE B2 Il TR
{22 o) J, AN SRR AR RE RO T R . PRl AE
KRR IMANEA, 7T LLE B R AR K
SAEHBENH, NMAEWRSRRATR 2,
REFIH R RE G REA R A

2 £ X M

[ 1] Najjar YSH. Hydrogen safety: The road toward green technolo-
gy[J]. International Journal of Hydrogen Energy, 2013, 38(25):
10716-10728.

[ 2] Kippers MJ, De Laat JC & Hermkens RIM. Pilot project on hy-
drogen injection in natural gas on Island of Ameland in the Neth-
erlands[C]//International Gas Union Research Conference, 19-21
October 2011, Seoul, Korea.

[3] EAME, 3% AR EERAGER KRBT
oA [30. AL T 243K, 2009, 60( 171 1): 35-38.

Wang Xiaowu & Hua Ben. Comparison between liquefied natural
gas, pipe natural gas and substitute natural gas[J]. Journal of the
Chemical Industry and Engineering (China), 2009, 60(S1): 35-38.

(4] WBHE T, oRRS  B T R R AR BE NI IR < U T 47
PERTSE [J]. RS L (C1 AL 54 T), 2015(1): 65-70.

Pan Haining, Yan Rongsong & Zhao Zijun. Feasibility research
on synthetic natural gas in city gas domain[J]. Natural Gas Chem-
ical Industry, 2015(1): 65-70.

[ 5] NGC+ Interchangeability Work Group. White Paper on Natural
Gas Interchangeability and Non-Combustion End Use[R/OL].
(2005-02-28)[2017-09-11]. http://www.ccj-online.com/wp-con-
tent/uploads/2011/04/natural-gas-inter.pdf.

[6] [FIGFRS:, BEIREESURSY: , IR BN, JEnt 5 TR
B AR S S M. b st « o B Tk Rk L 2000.



124 - X KA 5 I W 201842 A

Tongji University, Chongqing Jianzhu University, Harbin Univer- 103.

sity of Civil Engineering & Architecture, and Beijing Institute of Zhang Yong, Huang Zuohua, Liao Shiyong, Wang Qian & Jiang

Civil Engineering and Architecture. Gas combustion and applica- Deming. Measurements of laminar burning velocities for natural

tion [M]. Beijing: China Architecture & Building Press, 2000. gas—hydrogen—air mixtures[J]. Transactions of CSICE, 2006,
[ 7 ] Briggs T. The combustion and interchangeability of natural gas on 24(2): 97-103.

domestic burners[J]. Industrial Engineering Letters, 2014, 4(3): [14] Hhe N\ A0 [ 500 & W B TR 13 MR . A AL

67-87. GB 16410—2007[S]. b5t : rprie N RN [ [ 55 & B A
[ 8] rhe N BRI ] [ 53 e M B R B 2 G ) TR <2328 IR AR L 2008,

AR © GB/T 13611—2006[S]. L7T : e A RILAIE E
R R B R B, 2007,
General Administration of Quality Supervision, Inspection and

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China. Domestic gas
cooking appliances: GB 16410-2007[S]. Beijing: General Admin-
istration of Quality Supervision, Inspection and Quarantine of the
People's Republic of China, 2008.

[15] rhe N RILANE B 55 i B A g ke SR . X R R st
oK © GB 6932—2015[S]. dbat : Fe A\ RILAN E [H X i &
W B R IR R , 2017.

General Administration of Quality Supervision, Inspection and

Quarantine of the People's Republic of China. Classification and
essential property of city gas: GB/T 13611-2006[S]. Beijing:
General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China, 2007.

[9] ZIRFE . WAL ROV EETE AR I [J]. S,
2009(6): 3-14.
Li Youjia. The interchangeability between liquefied natural gas
and pipeline natural gas[J]. ChengShi RanQi, 2009(6): 3-14.

[10] Arrieta CE, Garcia AM & Amell AA. Experimental study of the

combustion of natural gas and high-hydrogen content syngases in

Quarantine of the People's Republic of China. Domestic gas
instantaneous water heater: GB 6932-2015[S]. Beijing: General
Administration of Quality Supervision, Inspection and Quaran-

a radiant porous media burner[J]. International Journal of Hydro- tine of the People's Republic of China, 2017.

gen Energy, 2017, 42(17): 12669-12680. [16] #-H A BRI R 5 7 R R R R R MoK
[11] Miao H, Lu L & Huang Z. Flammability limits of hydrogen-en- #: GB 25034—2010[S]. b5t : A A RN [5 557 B
riched natural gas[J]. International Journal of Hydrogen Energy, BRI L 2011,
2011, 36(11): 6937-6947. General Administration of Quality Supervision, Inspection and
[12] Ma F, Wang Y, Liu H, Li Y, Wang J & Zhao S. Experimental Quarantine of the People's Republic of China. Gas-fired heating
study on thermal efficiency and emission characteristics of a lean and hot water combi-boilers: GB 25034-2010[S]. Beijing: Gener-
burn hydrogen enriched natural gas engine[J]. International Jour- al Administration of Quality Supervision, Inspection and Quaran-
nal of Hydrogen Energy, 2007, 32(18): 5067-5075. tine of the People's Republic of China, 2011.
[13] 5k 55, sifete, BHEE , £, HEEH . RRE —Ea5—TR
RE S ZTMPEH N E [I]. WIABLEAR , 2006, 24(2): 97- (B EREEY 2018-01-12 4 # B &)

OO OO OO OO OO

I 5 /R LNG It B IE 3K 3 N\ 32 35 [3] U4 By B

AT IS IR TR LNG T5 H 5 AR 380 A PE IR IR 58 i B o X AR G 7.3 X 10° t LNG, bR hop /e LAk el g i 55
—~ LNG 5t H 1IERE NH B RIS B o

TSR LNG T H b e Je b, e i)a T4 1 650X 10 t LNG. T HH% 7wk, A —#4r LNG BLss, sy
JB LB AR P 20% . MRPEGE—F, PEAMERFRAARA R (CLRERERILA D Sl EREE WA, 59508 i
R —AF AR AR, HEATH B0 & T 4% AR . T0H B B T IO E RGOS S a R, I A7 b T B 5 80 2 )
AHE, HHE TR Rk o E B R A = AR AR ST IR, Rl A =& 287 A "R A HEE 5 15
H 7 (07 55 0R ), FR78 00 RIEA R B B 1L, 3@ I T3 MRS 1R S0 T I00 H VKR 1A RIS, K o i A< AR ma = 10 T 3,
RPN

(RI g B AT )



