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Numerical Study on Heat Transfer and Thermal Insulation of
Subsea Christmas Tree Connectors

Ding Kuang,Zhu Hongwu, Hao Jiansheng, Zhang Jianhua

(College of Mechanical and Transportation Engineering , China University of Petroleum(Beijing) ,
Beijing,102249, China)

Abstract: The subsea christmas tree and well jumper are connected by special subsea connectors and
collet connector is commonly used. The connector installed underwater will induce continuous heat trans-
ferring to ambient cold seawater and cause excessive temperature drop under shutdown condition. Relevant
temperature distribution and heat transfer problems must be evaluated so as to further increase the flow se-
curity of the subsea christmas tree. Based on the requirment of subsea hydrocarbon development,a coupled
fluid-solid numerical method was adopted to analyze the heat transfer and fluid flow of the collet connector
without thermal insulation treatment. In addition, this paper completed the numerical study on heat transfer
of the collet connector covered by an insulation cavity(doghouse)and the inner flow field simulation of the
collet connector based on the consideration of variable properties of fluids. The results show that local su-
percooled spot would be present in the connector without any insulation measures and the doghouse could
greatly improve the effect of thermal preservation on collet connectors which satisfy the basic principle of
eight hours’ thermal insulation for subsea christmas trees. The method of coupling heat transfer of subsea
collet connector is feasible in theory and reliable in calculation results.
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Fig. 1 Structure of collet jumper connector
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Fig. 2 Structure of collet connector with thermal

insulation house

2 Hee A

2.1 EHIFE

N T RARTE R AR RS D B R sk
L XK ORISR XIS Dy AR R X AR A5 R 5 2) K
TR R A RERS SR AT R A
W42 ik P B 5 3) T 5 B v RO IR AR B R P
R B TR 1 2 B ATS R4 RO AR B

TE LR BB A5 AF R o TSR 09 0 = 48 AN 1] T 4
LBl Ho B e i 4 o O R

op
LV (o) =0 )
at—"_ pU



29

55T SR B B k09 5 2T S5 HRIB AT - 123 -

% 40 5% 34 !
(e}
Cpv) — oF —Vp+ pro (2)
ot
T
%: O+ AAT+ pq (3)

K. o WK B, kg/m’; ¢ EFR], s5 0 8 Fi A
AN B m/s; p NIRRT, Pas p N AR BN ) %6
JE,Pa s; T O WK B, K o O I 1R 19 B A%
I/ (kg « KD @ fy e &8 #E B ok & Ay 3 A R 8L
W/ (m « K); F R34 BT i 77, N g 2 U 44 B iz 1k
A, W,

R T D A Ak 3% DA A 1) P B T K T IR 22 T
B IFE AT, 7R 5] A Boussinesq i . 2
W I A P 285 T R T, AN 5 R S o T R R 5 R ) AR
ORI I 8 B LA 45 TT e 1) 8 B R LAt A 1 3 R R
B, P, E oy m s RO

o)
ot

KTy MIBKEE.K; T HERRE K g hE
TN s m/s” s o M KR FZ I R 5K,

7 JE BT N R P S ) 9 R T K B A R Y
IR BEREE R Standard e i Wi 45 B 35500 K 1Y
R X 4 A 4 45 i 2 BE O RR YT RO ARDO L B
XA

pg_;:%[[ﬁﬁ}g_ﬂmm—pe (5)

= pAo—Vp+pga(T— T (4

Ok
de _ 9 M| O
‘Odt - axi[ rt alJaxi:|+
Cie S(Go+ GG — Cp & (6)
K K
Hr pm=pC, i/ (D

.k A BN BE 5 e A 0 0 BE 5 & O T T B g
B G Oy fh - 35 B B B 5 S 0% 3 U B BB ke 1Y
T Gy S IE TSR B s fe kR BRI Ci.
Coes Covo Fl o IR H KL,

2.2 BREH

AT T 0L R 2 F m o o A 1R A 25t
HIRFREIREE RN T — LRSI R0 IA 5
o RS By A8 P v L 3 T S AT 4 i
PLB S A SR8 BE T 5 B T oK R SR 1 B E
AL B S i A Sk RSE S E SR R g
. WS AR 2 ) B £ P e S5 R RR G B
BB ELAE SR N

—x[%—T] = (T —T) |, (8)
n)w

A A AR FREE W/ (m o KD 5 n Ry BEHISI
s h X HAR R B, W/ (m? » KOs AR s 233
PR [ AR R

B B2 18 3 Sk A0 MR ZK $2 fik X 38R (19 XoF
DA A 2 R T 5 A X U g A B O A A 4 T
R ZR B AT DL e S DG (9) AR

N = Bt

— CRe'Prs (9

2P N B 30 I SR (P B3 3R B b W
TRI ISR AN R - B iR B R B W/ (m? + KD 5 d
NE R A Sk Y B AR, ms A K B R
B W/ (m o« KD s Re Mg K G s i 8 P, 9K
14 BB C R R B

2.3 HETERE

N7 1 7K T 9 R — R T B R AE R A Y
PR T AT Y A R 24 PR S OB Bk R R IR
WO 2 AWK K 5 R o RE S 9 R,
W7 850 kg/m’, LAY 500 J/(K » k), IR
48 W/ (m » K>, 2R R 2R MR, %
60 kg/m’, [t % 700 J/(K « kg), T # &R 4
0.04 W/(m « K>, & JE K0 A0 S 5
L5 B K AR 56 R DL KR IR B AR v, Bk S
BOFE A Rl P A R4 UDF 4 2
HE

A Sk PO R, N R R, R
2 FR 43 i AR A R X O R A RO AR L 4% A
B A% BG4 R A Quad 281, 78 GAMBIT HL5¢ i,
SEA AL RS I A A . T R R AR S R
AR 30 2o 1 P A 0 A R F PR A AT R L o
JSOGT JRy 5 A% 11 48 Ak PR AT S SR . XA X
SR AT IR 28 B3k 7 [a) 07 XA I 0 A7 48 41 O B 1
.ok ] SIMPLE 5 2 4k B B A 1 R A L XF
IR FH B 3 XU 2L T EOCR F o 22 4. i
AR T SR B S B IR SR A 1 T 1 S TR R A4
Hh I A5 B ) R G — A B [ B, 5 R B A I AR A A
T 37t 30 728 1 ) B0 91 A7 A6 Fh PRS2 35 b v BE 1 R
Bk B 2 i FR AUE G RZ . O BIE TS A5 R
V14 T A5 e ST S SEAT T D AR A ST M 1 2 A, FLRR TR
AHRR 2 A>T 58 v 422 Sk o5 m T BE 9 A X L (R A i
1% XA AT AR IR T30S B T Y 1
e HCHIAE 2 A~ 124X 4 22 1) A e K Bl 1 A 4 A % 22
AHXT AR fb F /N T 107 S TSR S A 1



w F A 012 %5 A

3 IEER I
3.1 EMRELNRESS

J i FE R 353 K, A ER T K i BE R 300 K,
/@ﬂ(/fﬁﬁ 0.3 m/s B} By XF I e #4 R B h 500
W/(m” FRAKMT . PO iR E g
mﬂéﬁﬁﬂj’j 2 [ I E AR BE R, R A Y AR )
JE PRV 74 B, AL i 9 T ik o R v R R O
WAL LE 3Ca)) s I TR 4 h 5, %k hao
DX 358, P R VI B B A Sk TR B, O 20 P i T TR
YR B R R B AIRR B $E 3R 305 KWL 3(b)),
TEBE TR 8 o , Hht DX 1 Il VB0 B 4 R R
T 7K B U E AR ), 3 40 D 7 A [ L 45 K R SR
W5 22 0 T AR L 3 XU COL I 3 (o)) i W
AN B AT A DR U A it 1) 2 R 4 Sk JE Tk I T K R SR
A 8 h PRI A EE A Z KR,

iR/ K
353
"Q[]
143
345
343
340
337
335
3R
329
327
324
321
‘lg
316
313
,Il
\08
106
303
300

(a) EAZSIE 55 (by4 hjFlEEs A (c) 8 hIRHE 43 7

3 ERABEERIRSNERTSEES
Fig. 3 Steady and unsteady temperature distribution of

collet jumper connector
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Fig. 4 Steady and unsteady temperature distribution of collet

jumper connector with thermal insulation house
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Fig. 5 Temperature drop of the monitored points vs. time
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Fig. 6 Internal flow field and local vector distribution in
collet connector
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