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ABSTRACT:Our project involves conducting experiments to measure the heat transfer rate of different metal samples 

before and after undergoing heat treatment processes, such as annealing and quenching. The project aims to analyze 

and compare the changes in heat transfer rate of the metals, as well as investigate the relationship between the heat 

treatment process and the resulting thermal properties. The findings from this project can provide valuable insights into 

the impact of heat treatment on the heat transfer behavior of different metals and contribute to the understanding of 

material behavior and performance in various industrial applications. 
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I. INTRODUCTION 
 

Heat transfer is a fundamental phenomenon that plays a crucial role in many industrial processes, such as 

manufacturing, energy generation, and material processing. The efficiency of heat transfer is highly dependent on the 

thermal properties of the materials involved, including their heat transfer rate and thermal conductivity. Heat treatment 

is a common process used in materials science and metallurgy to modify the properties of metals, including their heat 

transfer behavior. 

 

The aim of this scientific paper is to analyze the heat transfer rate of different metals before and after heat treatment. 

The analysis will involve measuring and comparing the heat transfer rates of various metal samples, both in their as-

received condition and after undergoing different heat treatment processes. The selected metals for this study may 

include commonly used engineering materials such as EN-31, EN-8, Stainless steel 304, aluminum 606. 

 

The heat treatment processes that may be investigated in this study could include annealing and quenching. These 

processes are known to alter the microstructure and properties of metals, including their heat transfer behavior. By 

examining the changes in heat transfer rate before and after heat treatment, this study aims to gain insights into the 

effects of heat treatment on the thermal properties of metals and their heat transfer performance. 

 

The results of this analysis could have significant practical implications for various industrial applications where heat 

transfer efficiency is critical. Understanding the impact of heat treatment on the heat transfer rate of different metals 

can aid in material selection, process optimization, and overall system performance. Moreover, the findings of this 

study could contribute to the fundamental understanding of the relationship between heat treatment, microstructure, and 

thermal properties of metals, advancing the knowledge in the field of materials science and heat transfer. 

 

II. LITERATURE REVIEW 

 
Previous research has shown that the heat transfer behavior of metals can be modified by heat treatment parameters 

such as temperature, heating rate, cooling rate, and holding time. For example, in copper, heat treatment can cause 

changes in the grain size and crystal structure, which affects the thermal conductivity and convective heat transfer 

coefficient. Similarly, heat treatment can induce phase transformations and alter the microstructure of aluminum and 

steel, leading to changes in their thermal properties and heat transfer rate. 
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However, there is a lack of comprehensive studies that systematically investigate the impact of heat treatment on the 

heat transfer rate of different metals, and there may be variations in the results reported in the literature. Therefore, this 

study aims to bridge this gap by providing a comparative analysis of the heat transfer rate of EN-31, EN-8, Stainless 

steel 304, aluminum 606. before and after heat treatment and elucidating the underlying mechanisms that govern the 

changes in the heat transfer behavior of these metals. 

 

III. METHODOLOGY 
 

The process for analyzing the heat transfer rate of different metals before and after heat treatment can be outlined in the 

following steps: 

 

Metal specimen preparation: we started by obtaining 4 different types of metal rod (EN-31, EN-8, Aluminum 6061, 

Stainless Steel 304) 

 

Dimension of specimen:  
EN-31: Diameter= 14mm, Length =150mm (3 Specimen) 

EN-8: Diameter=16mm, Length= 150mm long (3 Specimen) 

Aluminum 6061: Diameter= 10mm, Length=150mm (2 Specimen) 

Stainless Steel 304: Diameter 10mm, Length=150mm (2 Specimen) 

using precision cutting tools. Ensure that the specimens are prepared with uniform dimensions to minimize any 

variability in the experimental results. 

 

Heat treatment: then the specimens were subjected to the desired heat treatment process. This involved annealing and 

hardening, which are common heat treatment techniques used to modify the properties of metals. Annealing typically 

involves heating the specimens to a specific temperature and holding them at that temperature for a certain duration, 

followed by slow cooling, while hardening involves heating the specimens to a higher temperature and then rapidly 

quenching them in a cooling medium to obtain a harder structure. 

 

Hardness measurement: After the heat treatment process, we measured the hardness of the specimens using a 

hardness testing machine, Rockwell hardness tester as shown in Fig:1. We Recorded the hardness values for each 

specimen before proceeding to the next step. 

 

 

 
Fig.1 Rockwell Hardness Tester 
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Fig.2 Experimental Setup 

 
 
Heat transfer rate experiment: then we conducted heat transfer rate experiment on each specimen using a suitable 

experimental setup as shown in fig:2. This involved placing the specimen in a holder over a live flame with specified 

distance above the flame and from the holder and as shown in fig:2 a thermocouple was inserted on the other end of the 

specimen. We kept 100˚C as a standard value so whenever the temperature reached 100˚C we stopped the timer and 

recorded the time  

 

Data collection and analysis: We Record the temperature data obtained from the heat transfer rate experiment and 

analyze the results. 
 

 

IV. RESULTS OBTAINED 
EN-8: 
After subjecting the EN-8 specimen to heat treatment, it was observed that the heat transfer rate of the material 

decreased. This result can be attributed to the changes in the microstructure and composition of the material caused by 

the heat treatment process. 

 
Heat 

Treatment 

Hardness 

(center) 

Hardness 

(Side) 

Starting 

Temperature(˚C) 
Time 

(Min) 

Untreated 61 HRC 59 HRC 29.3 9:33.98 

Annealed 56 HRC 55 HRC 30.5 10:27.08 

Hardened 88 HRC 80 HRC 29.2 11:50.08 

 
EN-31: 
After subjecting the EN-31 specimen to heat treatment, it was observed that the heat transfer rate of the material 

decreased. This result can be attributed to the changes in the microstructure and composition of the material caused by 

the heat treatment process. 

 
Heat 

Treatment 

Hardness 

(center) 

Hardness 

(Side) 

Starting 

Temperature(˚C) 
Time 

(Min) 

Untreated 67 HRC 68 HRC 32.2 9:12.43 

Annealed 59 HRC 56 HRC 32 13:00.30 

Hardened 89 HRC 86 HRC 32.5 13:20.54 
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Aluminium 6061: 
After subjecting the aluminum 6061 specimen to heat treatment, the results were inconclusive with regard to its heat 

transfer rate. This may have been due to a variety of factors, including the specific parameters of the heat treatment 

process and the inherent variability of the material itself. 

 
Heat 

Treatment 

Hardness 

(center) 

Hardness 

(Side) 

Starting 

Temperature(˚C) 
Time 

(Min) 

Untreated  B53 HRB B59 HRB 32.8 2:04.74 

Annealed  B33 HRB B24 HRB 32.5 1:56.33 

 
Stainless Steel 304: 
In this study, we attempted to heat a rod of stainless steel up to 100 degrees Celsius using a heat source at one end of 

the rod. However, we observed that the other end of the rod did not reach the desired temperature despite sufficient 

heating time.In this study, we attempted to heat a rod of stainless steel up to 100 degrees Celsius using a heat source at 

one end of the rod. However, we observed that the other end of the rod did not reach the desired temperature despite 

sufficient heating time.Our results suggest that careful consideration should be given to the selection of materials and 

experimental setup to ensure accurate temperature measurements and uniform heating in similar applications. 

 
V. CONCLUSION 

 
In conclusion, the analysis of heat transfer rate of different metals before and after heat treatment revealed that the heat 

transfer performance of the specimens was influenced by the heat treatment process. The results showed that the heat 

transfer rate of the specimens decreased after heat treatment, indicating a reduction in their heat transfer capabilities. 

 

The observed decrease in heat transfer rate can be attributed to the changes in the microstructure and properties of the 

metals induced by the heat treatment process. Annealing and hardening treatments can alter the crystal structure, grain 

size, and mechanical properties of the metals, which in turn can affect their heat transfer behavior. 
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