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Abstract 

                  Heat exchangers durability depends on several factors such as type of metal, 

type of environment and operating conditions. Therefore, this thesis investigates the 

impact of diluted aqueous solution from hydrochloric acid (HCl), sulphuric acid 

(H₂SO₄) and sodium chloride salt (NaCl) respectively on the thermal effectiveness (ε), 

overall thermal resistance (1/UA) and corrosion behavior of the used Shell and Tube 

Heat Exchanger (STHE). The used metals as tubes in the heat exchangers tests are 

commercially pure aluminium, commercially pure copper and austenitic 304-stainless 

steel respectively. The STHEs are operated and tested respectively with 0.1M at 61°C of 

the used aqueous solutions as a hot-liquid for the tube-side and fresh tap water as a 

cold-liquid for the shell-side for 178 operating hours with a counter-flow configuration. 

The volumetric flow rates were kept constant at 150 lit/hr for the tube-side and 50 lit/hr 

for the shell-side. 

                  In the present study, the thermal effectiveness and overall thermal resistance 

with time are evaluated and compared for the used metals as tubes in the STHE. The 

appearances of the interior tubes surfaces are studied by using visual inspections. The 

components (composition) of fouling deposits and corrosion products are identified by 

using X-ray diffraction (XRD) analysis technique. The variation of the used aqueous 

solutions characteristics are studied by employing ion release (atomic absorption 

spectroscopy) and measuring of both pH and conductivity of the solutions. 

                  The obtained experimental results and data from the STHEs tests are showed 

that for HCl solution, the greatest decrease in heat exchanger thermal effectiveness is 

observed in aluminium (from 0.30748 to 0.27071 with 12% percentage of ε decreasing) 

then in copper (from 0.31318 to 0.27671 with 11.6% percentage of ε decreasing) 

followed by 304-SS (from 0.29363 to 0.26829 with 8.6% percentage of ε decreasing). 

For H₂SO₄ solution, the greatest decrease in exchanger thermal effectiveness is 

observed in aluminium (from 0.30769 to 0.27461 with 10.7% percentage of decreasing) 

then in copper (from 0.31388 to 0.28197 with 10.1% percentage of decreasing) and then 

in 304-SS (from 0.29459 to 0.27823 with 5.5% percentage of decreasing). For NaCl 

solution, the greatest decrease in exchanger thermal effectiveness is observed in copper 

(from 0.31578 to 0.29397 with 6.9% percentage of decreasing) then in aluminium 

(0.31216 to 0.29235 with 6.3% percentage of decreasing) and finally in 304-SS (from 

0.29649 to 0.28117 with 5.1 % percentage of decreasing). Besides, the results of visual 
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inspections and solution characteristics variation are showed and revealed that the HCl 

acid solution is more corrosive than H₂SO₄ acid and NaCl salt solutions. The 

appearances of interior surfaces for the corroded tubes in HCl solutions exhibited a 

general uniform deterioration, severe plowing, strong roughening with considerable 

amount of fouling deposits, staining and tarnishing. In addition, for H₂SO₄ solutions, the 

interior tubes surfaces exhibited a relative general deterioration, roughness, fouling 

deposits, harsh and tarnish, dense and deep hemispherical pits. Whereas, for NaCl 

solutions, the local attack and deterioration, wide and shallow pits, with small amount 

of deposits are revealed and observed. In the HCl and H₂SO₄ solutions, the more 

interior tubes walls deterioration (degradation) and more deposits formation was 

observed in aluminium followed by copper and 304-stainless steel. But in NaCl 

solutions, the more surface deterioration and deposits formation was observed in copper 

followed by aluminium and 304-stainless steel. The results of XRD analysis are showed 

and revealed that the chemical reactions between the interior tubes surfaces with the 

solutions occurred by more than one mechanism and formed different hydrated and 

complex corrosion products.  

                 According to the obtained results and data from the STHEs tests, there are 

significant effects for the type of metal and environment on the thermal performance 

and the corrosion behavior of the used STHEs. The decrease in ε, the increase in 1/UA, 

the deterioration of interior tubes surfaces and formation of deposits and medium 

characteristics variation were greater in HCl mediums then in H₂SO₄ mediums and then 

in NaCl mediums.  

                Therefore, the SS-304 is the most appropriate material to use as tubes in 

STHE at the mentioned environments and conditions.    

 

 

 

 

 

 




