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Abstract—Nitinol Heat Engine a useful invention which converts 
low-grade heat energy into work output. Low-grade heat is a major 
source of energy that remains untapped. Unlike other heat engines, 
this engine operates at low temperature. This paper presents the 
Basic Nitinol Heat Engine Model and the advancement which had 
been taken place in the field of design. New models of Nitinol Heat 
Engines were invented from the past history in recent years with a 
motive of the optimum model which has fewer limitations and high 
efficiency. This paper gives the overview of important modifications 
in Nitinol Heat Engine model which were gifted to society. Finally, 
some suggestions are given for these models in order to further 
utilize in practical applications. 

1. INTRODUCTION 

(A) Nitinol. 

An alloy of Nickel & Titanium [1], [14], is a material that 
possesses unique physical & metallurgical properties. It is also 
called Shape Memory Alloy. It can be trained to memorize 
required shape. The material can be deformed plastically 
below its critical temperature & when this material subjected 
to a proper thermal condition, it returns to its memorized 
shape. This shape change comes during solid phase 
transformation i.e state of material remain same (solid) but 
phase structure change (martensitic to austenitic). Martensitic 
phase is low temperature, having low strength whereas 
austenitic phase is high temperature, having high strength. 

Besides its other properties, it contains two closely related 
properties [2], - 

1- Super Elasticity. 
2- Shape Memory Effect. 

 
I. Super Elasticity. 

As the name indicates, Super Elasticity is the property of 
materials or alloys to recover large strain (up to 8%) cycle 
repeatedly without damaging the physical structure of 
materials and without permanent deformation. A large strain is 
possible by applying force. Super Elastic behavior of these 
materials takes place in a narrow range temperature. 

In nitinol during loading, the strain is produced in stress-
induced martensite, while heating results in the conversion of 
unstable martensite back to austenite with an immediate 
recovery of all the accumulated strain. 

II. Shape Memory Effect. 
The Shape Memory Effect [6],  is the ability of the materials 
or alloys to remember its pre-deformation shape. 

 When nitinol heated from some relatively low temperature to 
its critical temperature, solid phase transformation occurs from 
martensite to austenite phase. This transformation resulted in 
changing of  deformed material shape to its initial pre-
deformed shape. 

(B) Composition. 
A Typical Nickel-Titanium[1], [2], [3],   alloy contains 49 -57 
% Nickle & rest is Titanium but the ideal composition of 
Nitinol can only vary between 38% to 50% Titanium by 
weight. 

Variation in composition, effect its critical temperature 
(temperature require to convert from martensite phase to 
austenite phase) value. 

Alloy composition  
Weight percent nickel Critical temp °C 
53.5  98 
54.0 140 
54.5 170 
55.0 140 
55.5  30 
56.0 -25 
56.5 -50 

 
(C) Properties- 

 
Physical Properties 
Appearance Bright Silvery metal 
Density 6.45 gm/cm3 
Melting Point 1310 °C 
Resistivity 
Austenite Phase 
Martensite Phase 

 
82 ohm -cm 
76 ohm -cm 
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