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Table1  Material properties 

Material 

Yield strength, 

R

el

/MPa 

Elasticity modulus, 

E/10

5 

MPa 

Poisson’s 

ratio, ν 

TA2 385 1.00 0.41 

Q345R 347 1.95 0.3 
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Fig.1  Multi-linear stress-strain curves for the two materials 
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Fig.2  Finite element model: (a) study area and (b) mesh generation 

of the joint 
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Fig.3  Residual contact stress and pull-out force variation with 

expansion pressure under different material combinations 
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Fig.4  Residual contact stress on the contact surface after 

loading (a) and unloading (b) 
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Fig.5  Residual contact stress distribution of axial position 
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Fig.6  Residual contact stress distribution of circumferential position 
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Fig.7  Effect of initial clearance on the residual contact stress and 

pull-out force 
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Fig.8  Effect of initial clearance on the tube wall reduction 
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Table 2  Comparison of theoretical solutions and 

the FEM results 

Residual contact stress/MPa 

Expansion 

pressure/MPa 

Material 

combination 

FEM 

solutions 

Theoretical 

solutions 

Error/ 

% 

TA2-Q345R 9.46 7.92 –16 

280 

TA2-TA2 32.56 34.62 6.3 

TA2-Q345R 11.03 10.32 –6.9 

290 

TA2-TA2 35.29 37.96 7.6 

TA2-Q345R 12.63 12.72 1 

300 

TA2-TA2 37.86 41.3 9 

TA2-Q345R 14.31 15.12 5.3 

310 

TA2-TA2 40.33 44.64 10.7 

TA2-Q345R 15.98 17.52 8.9 

320 

TA2-TA2 42.78 47.98 12.1 
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Performance of Hydraulic Expanding-joint of Titanium Tube Heat Exchanger 

 

Ge Tianzhu, Li Jia, Zhou Changyu, He Xiaohua 

(Nanjing Tech University, Nanjing 211816, China) 

 

Abstract: Based on the finite element software, the performance of the hydraulic expanded joint of heat exchanger was analyzed. The effect of 

expansion pressure, material and initial clearance on the capacity and tightness of expanded joints was investigated. Results show that the 

capacity and tightness of expanded joints apparently increase with the increasing of expansion pressure. Under the same pressure, the capacity 

and tightness of the joint of TA2 tube and TA2 tubesheet are better than the performance of the TA2-Q345R material combination. As the 

initial clearance is smaller, the residual contact pressure and pull-out force decrease with the increasing of initial clearance. As the initial 

clearance is larger, the residual contact pressure and pull-out force will retain a constant value regardless of the initial clearance. 

Key words: TA2 tube; hydraulic expansion; residual contact stress; initial clearance 
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