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Structural Reliability Evaluation for Brazed Joints of Fine Tube Heat
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The worsening environmental pollution has increased the interest in developing eco-friendly technologies. The purpose of
this study is to develop an aero-heat exchanger to reduce the emission of environmental pollutants. The operating
conditions of an aircraft are extremely harsh, leading to challenges with the determination of appropriate materials and
structures that can withstand the severe conditions. In addition, since the tubes brazed to the tube-sheet are structurally
fragile, it is essential to assess the structural integrity of tubes. In this study, the overall structural integrity of the tubular
heat exchanger under development was evaluated. An appraisal of the junctions between tubes and tube-sheet, which are
the most critical parts, was conducted. A finite element (FE) analysis was employed for the assessment of structural
integrity. FE analysis was used to evaluate the brazed joint of tubes using a model in which specific tubes were designed
tfo withstand the high temperature of the tube-sheet. The evaluation was carried out compared with the fatigue strength of
Inconel 625, the material constituting the heat exchanger.
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Fig. 1 Geometry of heat exchanger
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Fig. 4 Modeling for FE analysis of full model
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Table 1 Boundary condition used to analyze heat transfer

Air temperature h
(K) (W/m’K)
Hot side inlet 992 2500
I({S‘:ctsiiif ;’ulﬂoe)t 674, 666, ...,734 2500
Inside tube hole 828 6858
Outside tube hole 488 431
Cold side inlet 349 900
Cold side outlet 798 900
Outside surface 300 5

Table 2 Material properties of Inconel 625°

Coefficient of

Modulus of Thermal Yield

Temp. .. Poisson’s thermal ..
) elasticity ratio expansion conductivity strength
(GPa) (mm/mm)10°K (W/mK)  (MPa)
293 207.5 0.308 12.7 9.8 360
700 185.5 0.312 13.8 15.7 255
800 182.1 0.323 14.2 17.3 245
900 178.6 0.323 14.7 18.9 249
1000 160.6 0.329 15.2 20.5 262
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Fig. 5 Detail of divided sections of hot side outlet
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Fig. 6 Temperature distribution obtained from results of thermal
transfer analysis
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Fig. 7 Von-Mises stress distribution obtained from results of
structural analysis
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Table 3 Fatigue strength of Inconel 625°

Temperature (K) Fatigue strength (MPa, 10* cycles)

700 498
800 475
900 414
1000 400

Table 4 Material properties of BNi-2

Coefficient of

Modulus of _ . s Thermal  Yield
Temp. .. Poisson’s thermal .
elasticity . . conductivity strength
(K) ratio expansion
(GPa) (mm/mm)10°K (W/mK) (MPa)
293 203.8 0.296 132 20.0 989
700 183.3 0.307 15.0 24.8 824
800 177.5 0.310 154 25.9 615
900 171.5 0.313 16.0 26.8 531
1000 165.3 0.315 17.2 27.7 423

. 59509050
(a) Inconel 625

(b) BNi-2

Fig. 8 Temperature distribution of static analysis at A
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(a) Inconel 625 (b) BNi-2

Fig. 9 Von-Mises stress distribution of static analysis at A
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Fig. 10 Temperature distribution of static analysis at B
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Fig. 12 Transient analysis results at A
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Fig. 13 Transient analysis results at B
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