HEAT EXCHANGER ENGINEERING

TUBE EXPANDING STRESS

INPUT DATA m V2.1 Pgm By Ryu-ChangMyong/P.E

* ITEM NO. | | ~ DESCRIPTION |
* Tube Outside . .
) * Tube Inside Dia.—
Dia. Pre 19.05 mm Pre—Expanding.d1 17.45 mm
Expanding, D
* Tube Inside Dia.—
After— 18.3 mm E).;“gf Sheet Hole 20.05 mm
Expanding,d?2 a.
;Agtﬂﬁgr Tube |Stain|ess Steel v| * Groove Width, w | 3 mm
;Z'I'euk%e seal weld | 3 | mm ;;’stki)seitylgcsjulus of | 51100 Kg/mm~2
It/lgteelr?glt Shell |Carbon Steel v| :ut?sssi%g %ressure— ,II Kg/mm~™2
* AIIIowabIe tube “T| Kg/mm~™2 * Allowable yield |2—O\ Kg/mm~™2
tension stress, Sa stress, Sy I
* Tube sheet to * Shell side
tube sheet length, | 8576 | mm operating | 40 oC
L temperature, Ts
* Tube side
* Tube gquanty,N 1210 operating 100 oC
temperature, Tt
* Tube Max. tensile ,7 ~
stress, Su ﬁ Kg/mm~™2
T/5
. TUBE
RESULT OF CALCULATION
1. EXPANDING RATE
1. Tube expanding — S 2. Expanding rate— — o
rate,ra 9.37% Allowable ~3 %
3. Expanding rate— ,7 o 4. Expanding rate— o
Tarket rate # % Maximum | <1 %
5. Tube thickness T
reduction,d3 |&| mm
6. Thermal difference between Shell and Tube, A 2.52 mm
2. EXPANDING STRESS
2. Required tube
1 Tube Final 038 | mm thickness, tr As per | 0.07 nm

thickness, ta

* Judgement, ta > tr then, O.K otherwise, check!

UG-31A &
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3.Tube thermal

eipansion rate, €= 0.00029 gé;?obneafg?::dxg 22.0 mm~™2
AL ’
6. Tube thermal

S Tut_;e thermal' stress in expanding ~
force in expanding 136.5 | kof area. 01=Ft/A= E 6.2 kgf/mm~2
stress,Ft=AEe AL ’
* Judgement, o1 < Sa———>0.K otherwise, Check! O.K
7. Tube inertia 8. Modulus of
moment in ~ section in ~
expanding area, |= 959.5 mm~4 expanding area, 100.7 mm~3
- (D™4-d274)/64 Z=1/(D/2)
9. Bending
Moment in 10. Bending stress
expanding 1,300 kgf-mm in expanding area,o 12.9 kgf/mm~™2
area,M=F=((d2/2) 2=M/Z
+ta)
* Judgement, 02 < Sy*0.66———>0.K otherwise, check! | 0.K

3. TUBE SEAL WELD STRENGTH
1 Weld strength, ~n 2. Allowable ~
Ws=Ft/(u*D=*Z/2) 1.52 kgf/mm™2 ength. Sa=Sy+0.5 10.0 kgf/mm~2
* Judgement, if Sa > Ws then, O.K, otherwise, check | O.K

4. FATIGUE ANALYSIS ( By Goodman's Diagram)
1. FE 20 84, n 2. 58 xA~ 28 o ,:I ~
Gmax=Sy 20.0 kgf/mm~™2 =01 6.2 kgf/mm~™2
=l el & 2+ I 2stE

3 A e, 520 | kof/mmr2 A M EELE, Se 20.3 kaf/mm~2
5. 52 1|2 9, LYY 6. SHAZE, ca= (0 ~
Ui 1,000,000 | cycle e omind/2 | 69 kgf/mm~2

8. S| 2ot

H oad -
deoa;+;m_ilr{)?2m 13.1 kgf/mm~2 Se2=ca/(1-(o 9.2 kgf/mm~2
m/su))

9. LZ2SIEE o 10. 3| 3L 249,
~Se2/Se 45, % Lo 454,723 cycle

455 |
11, D2 =" (AIZH 7,579 hr 12, T2 ((A) 0.9 year

5. RECOMMENDED TUBE USED THICKNESS-THERMAL STRESS

1.8 28 4386 2

ol = 2. Actual tube
T S, 11=(01*x 0.66 mm thickness, 2 0.80 mm
*D*w)/2)/mt*D*Sa)

3. FE ALE FH,

tal=(Dt-2t1/1- 117 ] mm
ra)/2
* Judgement, if tal < t2 then, O.K, otherwise, check Check !

6. RECOMMENDED TUBE USED THICKNESS-BENDING STRESS
2. Curvature, k=(1t

*r+0/180) /w (6 | 0.2833 mm

1.Expanding rate,e
1=\/L=(t2—ta)/t2

0.5313

=67.1)
3.Bending 3 ann | _ 4. Modulus of ~
moment, M | 1,300 kgf=mm section, Z=M/Sa | 92.8 mm~3
5. RE AIE &
M ta2=D-(D"3- 0.48 mm t6h" S;tg;“:ge 0.80 mm
32Z/m)"1/3)/2 ! ’
* Judgement, if ta2 < t2 then, O.K, otherwise, check O.K
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