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Parameters lnvelving the Design of Tube-Tubeshea! Joinis

A, CHAABAN, H, MA, A, BAZERGUI
Ecole Polytechnique, Montreal Canada

3 Outer diameter of tube
iy Inner diaﬁete* of tubs
a’, Final nn@Y diameter of tu
&, Inner diameter of hole Ln‘
c Initizl clearance between
i Thickness of tube
g Tube pitch
P Expansion pressuxre
Yow Yield sgtrength of tubs
Yea ¥ield strength of tubeshest
E. Young’s nodulus of tube t -
Eq Youngfe moduius of tubesheet M _UﬂﬂﬁymeﬁrﬁﬁJ%_mﬁwﬁwi
= Residual contact pressure 1 . e ]
S, Maximum residual axial TITT T B
Stresz in transition zone e s
5% Mawimum residual hoop stress in transition zone
s Apparent wall reduction
L.(m"} Orthogonal array
where ¥ nmumber of calculations o be performed
g number 0f levels for sach paraneter
n maximum numbear of parameters to be analyzed

INTRODUCTION
In heat excﬁangcrsﬂ the object of the tube-to-tubesheet joining
process is to provide a “ig;t seal between the shellside angd
tubeside fluids, and to provide a sufficient capability of the
joint to support axial loads if the tubes are required to act as
stavs.

Significant developments have been achieved in the evaluation of
tube~to~tubesheat Jjoints in recent veqr [1-5]. Soler and Hong

adopted & single tube plane stress nmodal to solve for the residual
contact pressure [6]. Kelnins et al [7] adopted =z single tube
axisymmstrical model to solve For the rasidual contact pressure
and residual stresses in the transzition zone {F 1q 1}. Howevar, the
choice of the outer diameter of the annulus in the single tube
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model is still a difficult problem and may lead
rrore in Sous cases pavticularly when non-axisymmetrical

o

as the sequence of tube expansion, arve to be congid
cular broblem has been discussed by Wang and Solev{s] and
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imns wers dong using ¢/ /a= 0.065, 0.083 and ©.109, s/a




1.3, 1.9, 2.6,2.5 and 3.5, c/a= €.0, 0.001, 0.00%, 0.0L, 0.032.
Thesa @ comnen values as shown in the TEMA hsat exchanger
Standards{10]. On the other hand, three combina"c_,ions of tubs and
tubssheet materials were selectad basad on practicsl cases (Table

Setz TL, T2 and T3 correspond to ¥ L. 256 and

6867 respzctivaly. The three other s
le 2 have not been investigated so far.

; Nes 7 T @ The calculations designed by usis
rthogonal design method [11] Teble s The calculstione designed by using

d to winimize the number of L(z1 122)

vag us
calculations while providing accuraie cates, : 2 o S
52 T o = i /e a ; c
results regavding the influence of = ¢
y 3 1 1 1
;‘ : 2 2 #
3 1 3 3 3
4 2 kA 2 ES
5 a 2 3 1
s 2 3 1 2
7 3 1 3 2
3 3 2 2 3
2 3 3 2 1
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Table 4. Results ef finite elepante ana

{1
h Conditlons ons
cEs w/a e/ c/a e/a c/a
2
1 ! 0.0£5 1.5 0,032 0.05 1.5 0.032
2 0.025 2.5 C.003 Q.0e3 2.5 0,0C3
3 a.ces 3,5 0.0%0 0.065 3.5 0.01G
3 0,023 1.5 Q.00 0.062 1.5 0.Ql0
S 0.c083 5§ 0.032 0.CE3 2.5 0,022
3 0.0E3 5 0.001 0.0E3 2.5 ©.001
7 Q.ic9 B {.003 0.109 1.3 c.ooa
il 2.1098 g 0,000 0.109 5§ 0.000
2 0,109 I.5 0.03z G.109 3.2 0.032
a0 T 0.0 1.2 0.032 0.Y00 0,023 0.063 3.5 D.032 L.34Z2 1.
LXA 0.0 2.5 0.003 0.700 0,014 0. 2.5 0.003 0.796 0
2z 0.¢ 1. 0.036 0.700 0,038 0.085 3.5 0.010 0.758 0
13 c.¢ 1.5 0,010 0.€85 0.023 0.0B3 2,0 0.0i0 0.933 0
24 0.C 5 0.03z [ 0,083 2.5 (0.233 i.219 1
0.0 9 0.002 0.0&% 3.5 0.003 6.716 0,
0.129 g p.oed 0.1¢9 2.0 o.opn o.782 0
0.109 2.5 p.olQ 0.302 2.2 9,016 0.%05 0,
a.iee 1,5 0,032 0.065 2.0 0.032 1.1e6 1,
23 3 1.5 0.0%z J.083 0.0e5 1.3 0.10%  1.355 1.13¢%
20 2.5 0.003 0.077 a,0:2 2.5 0.08L 0,833 0.¢06
2 3.5 2.810 D093 D.0€5 3.2 0.104 2,212 p.osg
22 1.5 0.010 0.11% ¢.0%3 1.5 0.129 1.000 0,667
232 i.5 0,032 0.083 2.5 G,1%1  1.00¢ 2,044 S5.DEQ
24 3.5 0.003 0.023 3.5 0.076¢ 0.678 0.489 0,651
25 i.% 0,003 2113 B.2ER 0.i0% 1.5 0,083 3.239 1.
28 2.5 0.010 1.000 0.029 0.102 2.8 0.176 0.83% 0.
z7 3.5 0,032 1.081 0.051 0,109 1.5 9.120 2,150 3.




increases . +the Value Of +he Teble §5. correlation coefficlenta

other wvariable will also 1) sequential cece

tend to increase. A e/ s/ c/a Per FufVar  Be/Fe Yau/Voy

correlation coefficient Didee  -o.33 0.795 Giare o0 5.0m5

near zerc weans there 1is Toles  olivr aiesr vt I

little correlation between {27 simultansous case

the two variables. Table 5 ; /0 s/a c/a PfYge  By/¥ee  Eg/fe  YeofVon
0.218% =5.300 -0,104 .68 U.75X 0. 27/ 0,400

728 0.209 .2312 0,253 0.219
7.7 0.378 0.126 0.243 0.212
277 ~0.005 ~0.048 -0.083 ~0.093%

=0.1237 D.084
~0,082 0.172
-0.087 ~.,096

presents the results of the
correlation analysis. For
example, in the case of the
simultaneous expansion process, the coxre
betwean P7/¥.. and t/=z is 0.215.

in order to derive useful emplrical equat
lLipLe regression analysis was performed

oooe

Wy
regression model was used dus to its simplic
Thiz madel has the following general form:
T=eo% (£/0) % (5/8) 74 (5/a) P4 (B/ s )™
TE-_ t)ag‘* ~ss/YS\::Dal f]a)

Teble G. Coeff ¢ of Zguation (1)

Wherae "IV might be

e,-. A S"y// » or \’ } Qemmn‘ciﬂ cpse (23 _:L,;:L“M:eo\:r cage

ot g &
P /Voe 587 Ve s % ey S afVee S niVse %
o o oo T 5 e -
k, for the ginulianeous a0 ~7,8460 O 0.8785  2.3027  Z.604
. 4o 2o el G.0870 0. 0.0576  G.09EL O
and seguenctliz i a2 -0.2953 0, 0.2436
N a3 0.3674  © @.4136
C—:?_DBC‘!S" on progesses; Ln 24 0.2650 ~1 o
- R . ) u5 1.3568  0.0916 ~0.2471
other words, Egn. (1} as 1.2034  0.1309 ~2,8423  0.0303
P - 1.1720 02467 0.3834 ~0,0602
actually ’
g o LR S 21038 g2.76 3573 Yu.38 6.2 51.18 5.4
represents el JLL, PROEXF 0.0001  0.0002  0,000L  0.000L 0.0001  0.0001  0.0001
a : rj ’ g
eguations. The spPeCliiC segass o.03 0.95 0.50 0.95  0.89 0.32 0,83 0.95
e - Pl - v
zlues 0f every
OSSR P, S § ¢ O R
coefficient inm Eguation (1) are given in Table 6. In addition,
Table 7. Comparlson between the F.Z.H. znd the Reg. Equationz
< refzrence case
(@] Sequentlel Cise
———  Conditlons | |
o33 CAIE t/a z/a c/a Pf Vg Y T n
(Table 2} REG., TEM,  REG.
i T4 o.0020 3.6 0,032 0.750 0.04& 0.03% 2.159 2.026 4,540 4.10%
2 G.0SBO 1.6 0.00% G.9i% 0,213 0.151 G.328 0.722 g 0.822 0.675
E ©.1300 1.6 0,032 0.$17 0.103 ©.158 2,217 2.193 2,383 2.030 5.240 3.957
a 5.1300 2.3 0.00% 0.75G 0,020 0.027 O.&78 €.647 G.450 0.707 0.528 6.972
5 5 ©. 1.9 ©0.032 1.000 0.035 0.045 1.497 1.766  1.220 3..05 3.970 3.434
g ] 2.¢ 0.003 1.100 0.087 0.053 0.720 0 255  0.560 06,417 0.507 0.662
7 0 il ©.032 1.i00 ©.100 2.114 0.740 1.230 6.070 4.601
s 35 o0.00r 1.006 0,008 0.0Lz 0.247 0.328  0.187 0.261L 0.538
H fatc ©.0853 1.4 ©.032 0.48%5 0,027 0.0Lé 1.112 0.533  0.709 4,150 4.689
10 0.0653 2.3 0.002 0,612 ©0.082 0,042 0.36B 0.299 0.212 ©.587 0.77a
1% £.1106 3.4 0.032 0.612 0,048 0,064 0.915 1.08%5  0.819 4.820 4.3283
iz 5.2106 2.3 0.000 ©.435 0.002 0.003 0.60d 0.008 G.028 ©.008 0.005
A2y sizulianecons <ase
f—— Conditliens ] T 3 R e |
OBE  CASE </e  ss8  cfe F BV
(Table 2) Pz, T FEG. REG.
R T4 ©.0820 1.5 0,010 G.750 ©.073 0.061 0.956 0.814 0.750 ©0.66% L.570 1.769
2 0.698% 1.6 G.,003 0.917 0,147 0.143 ¢.944 6,587 6,672 0.514 0.903 0.965
3 ©.1300 .8 ©0.032 o5.917 0.188 0.192 2.8911 1.744 O,71% $.177 5.430 4.128
a ©¢.1200 2.5 0,003 0,750 ©0.034 0.043 ©,73% 0.%42 0,889 0,580 0.535 0.219
5 s 5.0490 1.6 0.032 2.000 0,042 0,060 1.337 1,732 1,253 1,165 D.96O
s 50.04%C 2.6 5.003 1,106 0.057 £.037 0,893 G.77% 5.520 0.676 0.563
7 6.1630 1.2 0.0L8 2,100 §,112 0.090 O.953 1.312 0,687 1,023 2.05G
2 G.1660 2.8 0,001 2,000 ©0.042 ©.033 '0.613 §.403 0,760 0.526 0,287 0.300
2 G 5.0653 1.4 0.032 0.438 0.042 0©.026 0.$37 0.854 0.699 0.5$9 4.410 4.34L
10 5.0683 2.3 0.003 ©.612 0.062 ©0.042 ©.653 O0.42% 5,879 $.487 0.989 1.10¢
23 106 1.4 G.032 O.612 0.07C0 G.084 ©0.972 1.162 ©.71% §.8%5 $.320 5.3247
12 2.3 0.000 ©.485 Q.004 0.006 ©.000 G.010 $.027 0©.,029 0.01L ©.008
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Young’s modulus of the €
stress of tubeshest and tub
significant. The expansion
residual contQCu QTLbbLWC,
stress levels in the transiti

pressure sszewm ©o be the
1

3. Initial clearance batwe

a very significant esffect on

Zone.,

& o The one important factor affecting apparent tube wall
reduction appears Lo be ths al clearance betwesn tube and
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