58 % 453 B % X @ K ¥ ¥ K Vol. 58 No. 3
2024 4F 3 f JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Mar. 2024

~

BERRASTREHBEDHFERAR

SOKPE . BEEIMNT, FENT, L

(1. PO 32 RAF A UM 5T BT, 710049, PE%E; 2. PALIMTAFFEBEA BRA T, 710054, #H%)
WE: ARERRABEATEREHG MR TAEIRENHm, L —FF ERERX LY T A
FABAKEAMNEY, ST ARASART TAEHNHIFRFBEIHFE, A4, KRAZTAN
RBHETAEHGAUEEA S H BN F oK, i T RAAER 6 T R 43 GE
PCL800 MA R R A E X EGIRERAE T AR . 0T 4 B S (H, kR & 554 0.10%.
20%.30%) Ao 5 APt 2 B A (4.6.8.10.12 MP) S FAEHTF B A B oA AR 5 H 55
W H ARG oM T 4B Ak 5 fbik o B T ik 3w R A R LA B R R A
TAEHBHFRG P oA, FFREREV AT B 6 T 2% 30 4 B T AL A 46 4% T §8
MEHEZTFAEH B omER DRI FH MRG0 #f*‘ H:Xa‘Jr”?l‘*%a‘%)éﬁ\h&%%ﬁw%
JER EEBHSBEFRY R FTAFHFTRER % S, bk 69 B A i ¥ K (35 A B e
30% T, FF R KAk IE K 8.51%0~16.90%) . A R AR A #fv imki’% FI AT B F R
ﬁakﬁ%%%%ﬁ%%ﬁuﬁﬁ$‘%ﬁ%ﬁ%ﬂ FHMRERTABAEH TRAAFTLE
Y5 MU A 3% FEH G H AR o T REBAARBERLS,
KA. %‘ &fﬁ-%‘%k%%;mgﬁiﬂ;gdz%'rﬁ
RESZES. THI6 XHEFEEDG: A
DOI: 10.7652/xjtuxb202403008 X EHHS :0253-987X(2024)03-0082-13

Study on Startup Characteristics of Dry Gas Seal with
Hydrogen-Blended Natural Gas

XIA Yongbo', HUAN Xuanzhou®, LI Zhigang, LI Jun'

(1. Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China;

2. Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

Abstract: To evaluate the influence of hydrogen-blended natural gas on dry gas seal (DGS) at the shaft
end of pipeline compressor, a numerical prediction model of DGS performance considering choked flow
effect is proposed, as well as the static characteristics and the startup characteristics under different
hydrogen-blended ratios are analyzed. Firstly, the reliability of the numerical model is verified by
the experimental data of gas film pressure distribution and opening force of air medium spiral
groove DGS., Then, aiming at the spiral groove DGS of GE PCL800 natural gas pipeline
compressor, the effects of four hydrogen-blended ratios (volume fraction of H, of 0, 10%, 20%
and 30%, respectively) and five inlet pressures (4, 6, 8, 10 and 12 MPa) on the static

characteristics are analyzed. Finally, the effects of rotational speed, inlet pressure, balance ratio and
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spring specific pressure on the startup characteristics are discussed. The results show that the
prediction model can predict effectively the influence of choked flow on seal performance under
The hydrogen-blended

characteristics, such as opening force, leakage and gas film stiffness. The critical opening speed

high pressure difference. ratio has little influence on the static
(the opening critical speed increases 8. 51 % —16. 90% when the hydrogen blended ratio increases
30%) of DGS increases with the increase of hydrogen-blended ratios and the opening difficulty
increases after hydrogen-blending. In addition, choosing appropriate balance ratio and spring
specific pressure is beneficial to the smooth opening of DGS. The research work can provide
theoretical reference for the efficient design and reliable operation of DGS at the shaft end of
natural gas pipeline compressor after hydrogen-blending.

Keywords: dry gas seal; hydrogen-blended natural gas; choked flow effect; startup characteristics
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Table 1 Results of model verification
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Table 4 The gas composition of natural gas
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97.058 0.152 0.010 0.706 2.074

TER BRI R A5 R 5 T DL B < E
e TR Q) R A T U B AR 0 A
TRRERMEESHZ — 5 LN

Q= ijvrrdﬁdr (5)

TFIRJ3 (Fo) &t 0% B RE 7 WA IF i A
REM A E BT EE S — 5 Ll

F, = ijrdﬁdr (6)

Xp HIET,

S TUBENIEE (KO SRAE T T U EE S E R
5 JEE R T A Ay It A AR RE P L S U
IF,

K== 00

0

2.3 FERKEHRIR

TESZBR N, H 8 ) i 1 2% e HLRE B g
ST R 5% 2 A IR 3R 1Y 5 L 8% 35 g TR AR 22 K
A=W R, ETREER SR, 5% 7
AHIZE 1 2l R 5 BRI TS0 B 3 R R00 #5055 L i ™
EWFEIE TN T A J7 5 % 5 s TR 0T, A A B 42
b R, % R FIR G W RA . ME BT
AN K, 3l He 500 2 W3 5L Y R i R = 5
G VAR, T B A F T I SRR A L 5
AT A 2 i P ™ A 2 A R 2 2 2 Al 4 otk
A 5% BRI AR A I A B 5 4 B T Y 4 RV IR
A, FEE AR T S R SCR AW N GE , AR
JEB WK R AR T IS 1 S S AR DL ey
TREHFREET. TREHL TG IEFRE
A, %% 53 ity 18 () (49 F O 0 AT A AR 5 R — B0 B R
AR AR Y . B, R I IR AT AR A R
5 3 vt DS A5 JF IS A - 25 AR BE /N T T I
S JEL A, 9% ot o AH R L b TSRS R Z
2 5 v AL TR CRES . FF A I AR (ho) BU
Al 22 THDRLRE B AR E 22 10 3 1502 s Aok

h. = 36, = 3% 1.25/R, + RS (8)

K. o0 SN %5 BRI 3% EORRE BE bR E 22 5 R (R.. 70 5]
RERIR L Bl I RLRS B

BHER SR JC R B4 R AL RE AR 3 R SR FH 26 T 15




88 W % oz M

PN

58 &

i
i
=

BB )Z AL REA R R 5 AT FREE
MBS 5L, B, shIR R IR R, R, X
AR IR BRI FIRE b, = 1.06 pm,

5 TAEIFEMAEK
Table 5 Structural parameters of DGS
28 Bl
PR HORLBE B Ry /pm 0.2
HF R MM R, /pm 0.2
W I /N 13.8
PR 12
AL B 0.85
T8 BHA B TT IS i FOIRZS B, 2% v 180 AH

HRE T 0 AEFFR G A T R R
R FE e e SIS L FF i 1 R A 1 S A X R )
R IF G R (n) R FRAE TR % 3 sh R JF
Je WME 2 R B L& 00 (F O 58 SCR K R 7 Fn i 3%
A 1 Bl 1) A FH AR 25 B R A 2o 2 R, RA
F.=x(?—H[A—B)p +Bp,+ py] (D
X pop Ao REE O E S 5 Dsp N R T

3 ZER 558

3.1 BERASTEZHESEN
3.1.1 BARRAZFERFLEMEANG T
SIS 1 AR Ak X 48 UK SR S 1S e B
HLE10 BT 70 CAM T B A KRS % E A
8 Bt ) 1 AR A 2K L 1B A KSR W 1 A R
A ¥t %P8 2 NIST REFPROP, ME 10 7] LU F
o B TR R BN 38 R SRS RN R 4
JIPEER7 e N [ R RN R ISR e
Ko FEAMFEET T BT KRB M 5 F 5k
TER . WLB A HEMFES TR, LB A K

. TR RO
90
o(H,)
0%
25k - - - 10%
= 20%
P e
o — = 30% .
'_: 60 _
50 - :
-~ s .
\;: R
5 g
0f ALl
15 L
4 6 8 10 12
J&71/MPa
(a) %

http:

// zkxb. xjtu. edu. cn

(H,)
0%

,_‘
)
=)

- == 10%

Filn/(uPa « s)
= o 5
wn (=] W

P
=)

8
J£71/MPa
(b % B
& 10 B R RIR U B R BE T 1 A2 fk

Fig. 10 Variation of density and viscosity of hydrogen-

blended natural gas with pressure

3.1.2 ARz lm#Ee EA TR

TF S 7 A U e B R s AR A 11
e ATLAE M4 FiB A T80 R R 1 A U &
HBE A FE TR T 0 8 w3 m . 24 9 0 3% Jn
A 285t v D %) R B o o O 0 R I B L R
NIRRT L, FEOM RN, LB A
1 FF e 0 A U O B 4 R AR AR T O R R R
FEAFEMEOED T . BEARKTBARRINE
BE RN MR R T [ BB T BRI SS T BT UIAE A
Bl RN 8/ 0N e [ T BT 0% BN I B BRI T
Jo JI AR R R L AEB S LT F I 0 G R e R DN
TR T AR T 0.80% ~0.96 %, IL4h . BA KK
A BT BRI T s A AR O Bl BE D, 3
T RN BB SRR A SR RN TR
BEAEWUN T TR . B s S
JEE RN B SR R AR S B R AR AR T R AT
T 19.03%~24.87%.

P(H,) roos
180 —=— (% P
--10% a

v 1

- A--20% ¢ !

10F a0

90 /
HECUE /1/MPa

() IaH




EHRR EOKW 5 BEARRRT UEE R IR IR 89
p(H,) -
350 —=—0% o %(:2)
5P - e 10%
~ v A 20%
W AT 30%
T:n Uﬂ}ﬂ/ 3F
= Ie
) = 2r
IE
= 1t
o N
15 20 25 30 35 40 45
AUBSE L /mm
(b) Mtk ¥ it
HEHES1/MPa 30 o(H,)
(b) it s —— 0%
LI RO B 7 D 9725 1 7 2 N
Fig. 11 Variation of opening force and leakage rate with inlet Z— l\:;j‘. N 30(;;
pressure g/ 6k
3.1.3 TFA iRE A AR AR 0 AL =
e - I > st
B A R TS B TF IS I L T RSO R !
{14 5 Wi I <6 )R ) A8 Ak R R R 12 A ET 13 B o T
. B 12 WHLZESEDJE S 8 MPa T . Bl 25 S 15 20 ZFSHH-J;}QV 35 40 45
0 [N 5 R/ mm
JEREH 1.5 pm BN E 4.5 pm, IF RSB F Rt R
; X " . " = R
BRI BRI FEE SR R O i
N . 2 . N 12 , =8 MPa I LT R o A ) R i R B
R 1 0 2 W B 30 5 PO PR 0 it r o AU R
R 2

M-S BT A 7 B AR BE 0 38 hn i 3k <A 850
TR, S BORM i 31 K, itk U 12 35 0 5 3 K i AR
JEL R 2 0 55 T B UIAE A, 3 SO A OB B R
. Ak, B 2R IR A SR8 % B R R B 2L [
FECT AR H AR JF G AN T B S
RASEREREN T EZENT EATRERENT
JO I o L% R T i U e 1 ) 2 A L R A
FhRE 1 L R4 A SO U i R AR B S R E
M) T RIS T BT IR BRI EE R R, Rl 13
Al 5k O S 8 MPa A EE . K J1° 12 MPa BT
Jet 77 it s o A A I R TR (H B S L TR
FIa 77 it e A AR BE Y s e AR — 2, B A
WSBFFE I FRET 0.13% ~2. 74 % , it & T B¢
T16.51%~26.72%, S BE NI B T BT 13, 19% ~
17.52% . A UL B S LR T3 H SRR T a5

150r p(H,)
—— 0%
pa - 0,
1408 *- 10%
A e 20%
Z 2 v 30%
S~ o
R 130
=
H
120 F
110

1.5 20 25 '30 3.5 40 45
SIS SE /mm

() FFJE

http: // zkxb. xjtu. edu. cn

Fig. 12 Variation of opening force. leakage rate and gas film

stiffness with gas film thickness when p, =8 MPa
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Fig. 13 Variation of opening force, leakage rate and gas film

stiffness with gas film thickness when p, =12 MPa
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Fig. 15 Mach number distribution of two inlet pressures
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