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ABSTRACT 

In this paper we introduce some new class of functions called ∆
*
-continuous functions by using ∆

*
-closed sets. 

We investigate its implication and independence relationship with other types of continuous functions. Also we 

analyse the association of ∆
*
-continuous with various kinds of continuous functions via separation axioms. 

Furthermore we derive some of its properties under composition mapping. 
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I. INTRODUCTION 

 

Norman Levine [12] initiated the idea of continuous functions in 1970.T.Noiri [13] introduced δ-continuous in 

1980. The generalised continuous(briefly, g-continuous) was studied by K.Balachandran [2] in 1991. Further 

many authors contributed their research towards continuity. Julian Dontchev [6], R.Devi,et.al. [3], 

R.Sudha,et.al.[17] J.Dontchev [8], Y.Gnanambal,et.al. [5], A.Pushpalatha,et.al. [15], E.Ekici,et.al.[4] and 

I.Arokiarani.et.al.[1] defined and analysed δg-continuous, αg-continuous,  δg
*
-continuous, gδ –continuous, gpr-

continuous, g
*
s-continuous, πg-continuous and gp-continuous functions respectively. The notion of ∆

*
-closed 

set was defined and investigated by K.Meena & K.Sivakamasundari [9]  in 2014. 

In the paper [9] of K.Meena & K.Sivakamasundari, ∆
*
-closed sets were denoted by δ(δg)

*
-closed sets.  

 

II. PRELIMINARIES 

 

Throughout this paper, (X,), (Y,σ) and (Z,η) represent non empty topological spaces on which no separation 

axioms are mentioned unless otherwisespecified. For a subset A of (X,), the closure of A and interior of A are 

represented by cl(A) and int(A) respectively. 

Definition 2.1 A subset „A‟ of a topological space (X,) is called 

1) ∆
*
-closed set if δcl(A)⊆U whenever A⊆U where U is δg-open set in (X,). The class of all  
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∆
*
-closed sets of (X,) is denoted by ∆

*
C(X,).[9] 

2) The closure operator of ∆
*
-closed set is defined as ∆

*
cl(A)=∩{F⊆X : A⊆F and F is ∆

*
- 

closed in (X,)}.[10] 

Remark 2.2 The definitions of δ-closed, g-closed, δg-closed, gδ-closed, αg-closed, rg-closed, δg
*
-closed, g

*
s-

closed, gp-closed, gpr-closed, πg-closed and δg
#
-closed sets are mentioned by the authors in [9]. 

Definition 2.3 A space (X, ) is said to be a 

1) Tδ- space if every gδ-closed subset of (X, ) is δ-closed in (X, ).[7] 

2) T3/4-space if every δg-closed subset of (X, ) is δ-closed in (X, ).[6] 

3) 
T* -space if every ∆

*
-closed subset of (X, ) is δ-closed in (X, ).[11 ] 

4) ** g
T
 -space if every ∆

*
-closed subset of (X, ) is δg*-closed in (X, ).[11] 

6) *Tg  -space if every gδ-closed subset of (X, ) is ∆
*
-closed in (X, ).[11] 

7) *#g
T
 -space if every δg

#
-closed subset of (X, ) is ∆

*
-closed in (X, ).[11] 

Definition 2.4 A function f:(X,)→(Y,σ) is called 

1) Continuous if f
 -1

(V) is a closed set in (X,) for every closed set V in (Y,σ).[12] 

2) δ-continuous if f
 -1

(V) is a δ-closed set in (X,) for every closed set V in (Y,σ).[13] 

3) g-continuousif f
 -1

(V) is a g-closed set in (X,) for every closed set V in (Y,σ).[2] 

4) δg-continuous if f
 -1

(V) is a δg-closed set in (X,) for every closed set V in (Y,σ).[6] 

5) gδ -continuous if f
 -1

(V) is a gδ-closed set in (X,) for every closed set V in (Y,σ).[11] 

6) αg-continuous if f
 -1

(V) is a αg-closed set in (X,) for every closed set V in (Y,σ).[3] 

7) rg-continuous if f
 -1

(V) is a rg-closed set in (X,) for every closed set V in (Y,σ).[14] 

8) δg
*
-continuous if f

 -1
(V) is a δg

*
-closed set in (X,) for every closed set V in (Y,σ).[17] 

9)g
*
s-continuous if f

 -1
(V) is a g

*
s-closed set in (X,) for every closed set V in (Y,σ).[15] 

10)gp-continuous if f
 -1

(V) is a gp-closed set in (X,) for every closed set V in (Y,σ).[1] 

11) gpr-continuous if f
 -1

(V) is a gpr-closed set in (X,) for every closed set V in (Y,σ).[5] 

12) πg-continuous if f
 -1

(V) is a πg-closed set in (X,) for every closed set V in (Y,σ).[4] 

 

III. ∆
*
-CONTINUOUS FUNCTIONS 

 

Definition 3.1 A mapping f:(X,)→(Y,σ)  is said to be ∆
*
- continuous if the inverse image  

of every closed set in (Y,σ) is ∆
*
-closed in (X,τ). 

Theorem 3.2 A mapping f:(X,)→(Y,σ) is ∆
*
-continuous if and only if the inverse image of every open set in 

(Y,σ) is ∆
*
-open in (X,). 

Proof:(Necessary): Let f:(X,τ)⟶(Y,σ) be ∆
*
- continuous and U be any open set in (Y,σ). Then Y-U is closed in 

(Y,σ). Since f is ∆
*
-continuous, f

-1
(Y-U)=X-f

-1
(U) is closed in (X,τ) and hence f

-1
(U) is ∆

*
-open in (X,τ).    
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(Sufficiency):Assume thatf
-1

(V) is ∆
*
-open in (X,) for each open set V in (Y,σ). Let V be a closed set in (Y,σ). 

Then Y-V is open in (Y,σ). By assumption f
-1

(Y-V)=X-f
-1

(V) is ∆
*
-open in (X,) which implies that f

-1
(V) is ∆

*
-

closed in (X,). Hence f is ∆
*
-continuous. 

Proposition 3.3 Everyδ-continuous function is ∆
*
-continuous but not conversely. 

Proof:Let f:(X,)→(Y,σ)be a δ -continuous map. Let V be any closed set in (Y, σ).Since f is a δ-continuous 

function, f
-1

(V) is δ-closed in (X,).By proposition 3.2 of [9], every δ-closed set is ∆
*
-closed set which implies 

that f
-1

(V) is ∆
*
-closed in(X,). Therefore f is  

∆
*
-continuous. 

Counter Example 3.4 Let X={a,b,c}=Y,={,X,{a},{a,b},{a,c}}and σ={,Y,{a},{a,b},{a,c}} 

Letf:(X,)→(Y,σ) be the identity map. Then f is ∆
*
-continuous but not δ-continuous since for the closed set {b} 

in (Y,σ), f
-1

({b})={b} is ∆
*
-closed but not  

δ-closed in(X,). 

Proposition 3.5 Every δg
*
-continuous function is ∆

*
-continuous but not conversely. 

Proof: Let f:(X,)→(Y,σ) be δg
*
-continuous map. Let V be any closed set in (Y,σ). Then  

f
-1

(V) is δg
*
-closed set in (X,). By Proposition 3.4 of [9], every δg

*
-closed set is ∆

*
-closed set which implies 

that f
-1

(V) is ∆
*
-closed set in(X,). Hence f is ∆

*
-continuous. 

Counter Example 3.6 Let X={a,b,c}=Y with ={,X,{a},{a,b},{a,c}} and  

σ={,Y,{a},{a,b},{a,c}}.Let f:(X,)→(Y,σ) be an identity map. Then f is ∆
*
-continuous but not δg

*
-continuous 

since for the closed subset {c} in (Y,σ), f
-1

{c}=c is ∆
*
-closed but not  

δg
*
-closed in (X,). 

Proposition 3.7 Every∆
*
-continuous function is gδ-continuous but not conversely. 

Proof: Let f:(X,)→(Y,σ) be a ∆
*
-continuous map. Let U be any closed set in (Y,σ). Then    

f
-1

(U) is ∆
*
-closed in (X,). By Proposition 3.6 of [9], every ∆

*
-closed set is gδ-closed. This implies that f

-1
(U) is 

gδ-closed in (X,). Hence f is gδ-continuous. 

Counter Example 3.8 Let X={a,b,c}=Y with ={,X,{a}} and σ={,Y,{a},{a,b}}. Let  

f:(X,)→(Y,σ) be an identity map. Then f is gδ-continuous but not ∆
*
-continuous since for the closed subset {c} 

in (Y,σ), f
-1

{c}={c} is not ∆
*
-closed in (X,). 

Proposition 3.9 Every∆
*
-continuous function is rg-continuous but not conversely. 

Proof: Let f:(X,)→(Y,σ) be a ∆
*
- continuous map. Let V be any closed set in (Y,σ). Then   f

-1
{V} is ∆

*
-closed 

set in (X,). By Proposition 3.8 of [9], every ∆
*
-closed set is rg-closed. Therefore  f

-1
{V} is rg-closed in ∆

*
-

closed set. Hence f is rg-continuous. 

Counter Example 3.10 Let X={a,b,c}=Y with ={,X,{a},{a,b},{a,c}} and σ={,Y,{a}}. Letf:(X,)→(Y,σ) be 

a map such that f{a}={a}, f{b}={c}, f{c}={b}, f{a,b}={b,c}, f{b,c}={a,b}, f{a,c}={a,c}. Then f is rg-

continuous but not ∆
*
- continuous since for the closed subset {a} in (Y,σ), f

-1
{a}={a} which is not ∆

*
-closed set 

in (X,). 

Proposition 3.11 Every ∆
*
-continuous function is gpr continuous but not conversely. 
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Proof:Let f:(X,)→(Y,σ) be a ∆
*
-continuous map. Let V be any closed set in (Y,σ). Then              f

-1
(V) is ∆

*
-

closed in (X,). By Proposition 3.10 of [9], every ∆
*
-closed set is gpr-closed in (X,) which implies that f

-1
(V) is 

gpr-closed in (X,). Hence f is gpr-continuous function. 

Counter Example 3.12 Let X={a,b,c}=Y with ={,X,{a}} and σ={,Y,{a,b}}. Let f:(X,)→(Y,σ) be an 

identity map. Then f is gpr-continuous but not ∆
*
-continuous since for the closed subset {c} in (Y,σ), f

-1
{c}={c} 

is not ∆
*
-closed in (X,).  

Proposition 3.13 Every ∆
*
-continuous function is πg-continuous but not conversely. 

Proof: Let f:(X,)→(Y,σ) be ∆
*
-continuous map. Let V be any closed set in (Y,σ). Then              f

-1
(V) is ∆

*
-

closed in (X,). By Proposition 3.18 of [9], every ∆
*
-closed set is πg -closed in (X,) which implies that f

-1
(V) is 

πg -closed in (X,). Hence f is πg -continuous function. 

Counter Example 3.14 Let X={a,b,c}=Y with ={,X,{a},{b,c}} and σ={,Y,{a}}. Let f:(X,)→(Y,σ) be a 

map such that f(a)=a, f(b)=a, f(c)=b. Then f is πg-continuous but not ∆
*
-continuous since for the closed subset 

{b,c} in (Y,σ), f
-1

{b,c}={c} is not ∆
*
-closed in (X,). 

Proposition 3.15 Let f:(X,)→(Y,σ) be ∆
*
-continuous map and (X,) be a 

T* -space. Then f is δ-continuous 

function. 

Proof: Let V be a closed set in (Y,σ). Then f
-1

(V) is ∆
*
-closed in (X,). Since (X,) is a 

T* -space, we get f
-

1
(V) isδ-closed in (X,). Hence f is δ-continuous. 

Proposition 3.16 Let f:(X,)→(Y,σ)be ∆
*
-continuous map and (X,) be a *g*T

 -space then f is δg
*
-

continuous. 

Proof: Let V be a closed set in (Y,σ). Since f is ∆
*
-continuous, f

-1
(V) is ∆

*
-closed in (X,). Also (X,) is a 

*g*T
 -space. Therefore we get f

-1
(V) is δg

*
-closed in (X,). Hence f is δg

*
-continuous. 

Proposition 3.17 Let f:(X,)→(Y,σ) be  gδ-continuous function and (X,) be a *g T
 -space then f is ∆

*
-

continuous function. 

Proof: Let V be a closed set in(Y,σ). Since f is continuous and (X,) is a *g T
 -space, f

-1
(V) is gδ-closed and 

hence ∆
*
-closed in (X,). Therefore f is ∆

*
-continuous function. 

Proposition 3.18 Let f:(X,)→(Y,σ) be ∆
*
-continuous where (X,) is a *g*T

 -space and a 
4

3T
-space then f 

is δ-continuous. 

Proof: Let V be any closed set in (Y,σ). Since f is continuous, f
-1

(V) is ∆
*
-closed in (X,). Since (X,) is 

a *g* T
 -space, f

-1
(V) is δg*-closed in (X,).Also (X,) is a

4
3T

-space. Therefore f
-1

(V) isδ-closed in (X,) by 

the fact that every δg
*
-closed set is δg-closed [16] 

and hence  it is δ-closed by 
4

3T
-space. Hence f is δ-continuous. 
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Proposition 3.19 Let f:(X,)→(Y,σ) be gδ-continuous function where (X,) is a *g T
 -space and *g*T

 -

space then f is δg
*
-continuous. 

Proof: Let V be any closed set in (Y,σ). Since f is gδ-continuous,f
-1

(V) is gδ-closed in (X,). Since (X,) is a 

*g T
 -space and *g*T

 -space, f
-1

(V) is ∆
*
-closed and hence δg

*
-closed set in (X,).Therefore f is δg

*
-

continuous. 

Proposition 3.20 Let f:(X,)→(Y,σ) be gδ-continuous function where (X,) is aTδ-space and *#g
T
 -space 

then f is ∆
*
-continuous.  

Proof: Let V be any closed set in (Y,σ). Since f is gδ-continuous, f
-1

(V) is gδ-closed in (X,). Since (X,) is a 

Tδ-space, f
-1

(V) becomes δ-closed in (X,). We know that every δ-closed set is δg
#
-closed in (X,) [19]. Also 

(X,) is a *#g
T
 -space. Therefore f

-1
(V) is ∆

*
-closed in (X,). Hence f is ∆

*
-continuous.

 

Remark 3.21The following counter examples show that ∆
*
-continuity is independent from g-continuous 

function. 

Counter Example 3.22 Let X={a,b,c}=Y with τ={∅,X,{a}} and σ={∅,Y,{a}}. Let f:(X,)→(Y,σ) be  a map 

such that f(a)=b, f(b)=a, f(c)=c. Then f is g-continuous map but not ∆
*
-continuous since for the closed set {b,c} 

in (Y,σ), f
-1

{b,c}={b,c} is not ∆
*
-closed in (X,). 

Counter Example 3.23 Let X={a,b,c}=Y with τ={∅,X,{a},{a,b},{a,c}} and σ={∅,Y,{a},{a,b},{a,c}}.Let 

f:(X,)→(Y,σ) be  a map such that f(a)=c, f(b)=a, f(c)=c. Then f is ∆
*
-continuous but not g-continuous since for 

the closed set {b,c} in (Y,σ), f
-1

{b,c}={a,c} is ∆
*
-closed but not g-closed in (X,). 

Remark 3.24 The following counter examples show that the notion of δg-continuity and  

∆
*
-continuity are independent. 

Counter Example 3.25 Let X={a,b,c}=Y with τ={∅,X,{a}} and σ={∅,Y,{a},{a,b},{a,c}}. Let f:(X,)→(Y,σ) 

be  an identity map. Then f is δg-continuous but not ∆
*
-continuous since for the closed set {b} in (Y,σ), f

-

1
{b}={b} is δg-closed but not ∆

*
-closed in (X,).  

Counter Example 3.26 Let X={a,b,c}=Y with τ={∅,X,{a},{a,b},{a,c}} and σ={∅,Y,{a}}. Let f:(X,)→(Y,σ) 

be  a map such that f(a)=c, f(b)=a, f(c)=c. Then f is ∆
*
-continuous but not δg-continuous since for the closed set 

{b,c} in (Y,σ), f
-1

{b,c}={a,c} is not δg-closed in (X,). 

Remark 3.27 The following counter examples show that ∆
*
-continuity is independent from g

*
s-continuity. 

Counter Example 3.28 Let X={a,b,c}=Y with τ={∅,X,{a},{a,b}} and σ={∅,Y,{a},{a,b}}. Let f:(X,)→(Y,σ) 

be  a map such that f(a)=c, f(b)=a, f(c)=c. Then f is ∆
*
-continuous but not g

*
s-continuous  function since for the 

closed subset {c} in (Y,σ) f
-1

{c}={a,c} is ∆
*
-closed but not g

*
s-closed in (X,). 

Counter Example 3.29 Let X={a,b,c}=Y with τ={∅,X,{a},{a,b}}and σ{∅,Y,{a},{a,b}}. Let f:(X,)→(Y,σ) be  

a map such that f(a)=a, f(b)=c, f(c)=b.Then f is g
*
s-continuous function but not ∆

*
-continuous since for the 

closed subset {c} in (Y,σ) f
-1

{c}={b} is g
*
s-closed  but not ∆

*
-closed in (X,). 

 

Remark 3.30 The following counter examples show that ∆
*
-continuity is independent of αg-continuity. 
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Counter Example 3.31 Let X={a,b,c}=Y with τ={∅,X,{a}} and σ={∅,Y,{a},{a,b}}. Let f:(X,)→(Y,σ) be  an 

identity map. Then f is αg-continuous but not ∆
*
-continuous since for the closed set {c} in (Y,σ), f

-1
{c}={c} is 

αg-closed but not ∆
*
-closed in (X,).  

Counter Example 3.32 Let X={a,b,c,d}=Y withτ={∅,X,{a,b,c}}and σ={∅,Y,{a,b,c}}. Let f:(X,)→(Y,σ) be a 

map such that f(a)=a, f(b)=b, f(c)=d, f(d)=b. Then f is ∆
*
-continuous but not αg-continuous since for the closed 

set {d}, f
-1

{d}={c} is ∆
*
-closed in (X,) but not αg-closed in (X,). 

Remark 3.33 The following counter examples show that ∆
*
-continuity is independent of gp-continuity. 

Counter Example 3.34 Let X={a,b,c}=Y with τ={∅,X,{a},{a,b},{a,c}} and σ={∅,Y,{a},{a,b},{a,c}}. Let 

f:(X,)→(Y,σ) be a map such that f(a)=c, f(b)=b, f(c)=c. Then f is ∆
*
-continuous but not gp-continuous since for 

the closed set {c} in (Y,σ), f
-1

{c}={a,c} is ∆
*
-closed but it is not gp-closed in (X,). 

Counter Example 3.35 Let X={a,b,c}=Y with τ={∅,X,{a},{b,c}} and σ={∅,Y,{a},{b,c}}. Let 

f:(X,)→(Y,σ)be a map such that f(a)=b, f(b)=a, f(c)=c. Then f is gp-continuous but not ∆
*
-continuous since for 

the closed set {a} in (Y,σ), f
-1

{a}={b} is not ∆
*
-closed set in (X,). 

 

IV. COMPOSITION MAPPING 

 

Remark 3.36 The composition of two ∆
*
-continuous functions need not be ∆

*
-continuous as seen from the 

following example. 

Counter Example 3.37 Let X={a,b,c}=Y with τ={∅,X,{a}}, σ={∅,Y,{a,b}} and η={{∅,X,{a},{b},{a,b}}. Let 

f:(X,)→(Y,σ) be a map such that f(a)=a, f(b)=b, f(c)=b. Let        

g:(Y,σ)→(Z,η) be a map such that g(a)=b, g(b)=a, g(c)=c. Then the composition mapping g∙f:(X,)→(Z,η) is 

defined by (g∙f)(a)=b, (g∙f)(b)=a, (g∙f)(c)=a. Here both f and g are ∆
*
-continuous but the composition mapping 

(g∙f) is not ∆
*
-continuous since for the closed set {b,c} in (Z,η),f

-1
{b,c}={a} is not ∆

*
-closed in (X,).  

Theorem 3.38 If f:(X,)→(Y,σ) is ∆
*
-continuous and g:(Y,σ)→(Z,η) is δ-continuous then g∙f:(X,)→(Z,η) is  

∆
*
-continuous function. 

Proof: Let V be any closed set in (Z,η). Since g is δ-continuous,g
-1

(V) is δ-closed in (Y,σ). We know that every 

δ-closed set is closed. Therefore g
-1

(V) is closed in (Y,σ). Also f is  

∆
*
-continuous which implies that f

 -1
{g 

-1
{V}}=(g∙f)

-1
(V) is ∆

*
-closed in (X,). Hence (g∙f) is ∆

*
-continuous. 

Theorem 3.39 If both f:(X,)→(Y,σ) and g:(Y,σ)→(Z,η) are δ-continuous maps then their composition map 

(g∙f):(X,)→(Z,η)is a ∆
*
-continuous map.. 

Proof: Let V be any closed set in (Z,η). Since g is δ-continuous, g
-1

(V) is δ-closed and hence it is closed in 

(Y,σ). Since f is δ-continuous, f
-1

{g
-1

{V}}=(g∙f)
-1

(V) is δ-closed and hence it becomes ∆
*
-closed in(X,) by 

proposition 3.2 of [9]. Therefore (g∙f) is ∆
*
-continuous. 

Theorem 3.40 Let f:(X,)→(Y,σ) be ∆
*
-continuous map  in which (Y,σ) is a *g*T

 -space. Let 

g:(Y,σ)→(Z,η) be ∆
*
-continuous. Then (g∙f):(X,)→(Z,η) is ∆

*
-continuous. 

Proof: Let V be any closed set in (Z,η). Then g
-1

(V) is ∆
*
-closed in (Y,σ). Since (Y,σ) is a *g*T

 -space, g
-

1
(V) is δg

*
-closed in (Y,σ). Also f is ∆

*
-continuous. Therefore  
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f
-1

{g
-1

{V}}=(g∙f)
-1

(V) is ∆
*
-closed in (X,). Hence (g∙f) is ∆

*
-continuous. 

Theorem 3.41 Let f:(X,)→(Y,σ) be ∆
*
-continuous map  in which (X,) is a *g*T

 -space. Let g:(Y,σ)→(Z,η) 

be ∆
*
-continuous. Then (g∙f):(X,)→(Z,η) is δg

*
-continuous. 

Proof: Let V be any closed set in (Z,η). Then g
-1

(V) is ∆
*
-closed in (Y,σ). Since f is ∆

*
-continuous , f

-1
{g

-

1
{V}}is ∆

*
-closed in (X,). Also (X,) is a *g*T

 -space. Therefore   

f
-1

{g
-1

{V}}=(g∙f)
-1

(V) is δg
*
-closed in(X,).  Hence (g∙f) is δg

*
-continuous. 

Theorem 3.42 Let f:(X,)→(Y,σ) begδ-continuous in which (X,) is a *g T
 -space. Let g:(Y,σ)→(Z,η) be gδ-

continuous then (g∙f):(X,)→(Z,η)is ∆
*
-continuous. 

Proof: Let V be any closed set in (Z,η). Then g
-1

(V) is gδ-closed in (Y,σ). Since f is gδ-continuous, f
-1

(g
-

1
(V))=(g∙f)

-1
(V) is gδ-closed in (X,). Since (X,) is *g T

 -space, (g∙f)
-1

(V) is ∆
*
-closed in (X,). Hence (g∙f) is 

∆
*
-continuous. 

Theorem 3,43 Let f:(X,)→(Y,σ) be gδ-continuous in which (X,) is a Tδ-space and a *#g
T
 -space. Let 

g:(Y,σ)→(Z,η) be gδ-continuous then (g∙f):(X,)→(Z,η) is ∆
*
-continuous. 

Proof: Let V be any closed set in (Z,η). Then g
-1

(V) is gδ-closed in (Y,σ). Since f is gδ-continuous, f
-1

(g
-

1
(V))=(g∙f)

-1
(V) is gδ-closed in (X,). Since (X,) is aTδ-space, f

-1
(g

-1
(V)) becomes a δ-closed set in (X,). 

Moreover (X,) is a *#g
T
 -space. Therefore f

-1
(g

-1
(V)) is ∆

*
-closed in (X,). Hence (g∙f) is ∆

*
-continuous. 

Theorem 3.44 Let f:(X,)→(Y,σ) be ∆
*
-continuous map. Then for every subset A of (X,), f(∆

*
cl(A))⊆cl(f(A)). 

Proof: Let f:(X,)→(Y,σ) be ∆
*
-continuous function and A be any subset of (X,). Then cl(f(A)) is a closed set 

in (Y,σ). Since f is ∆
*
-continuous function, f

-1
(cl(f(A)) is ∆

*
-closed in (X,). Since f(A)⊆cl(f(A)), A⊆f

-

1
(cl(f(A)). That is f

-1
(cl(f(A)) is a ∆

*
-closed set containing A. By ∆

*
-closure definition  we have ∆

*
cl(A)⊆f

-

1
(cl(f(A)) which implies thatf(∆

*
cl(A))⊆cl(f(A). 

 

V. CONCLUSION 

 

The concept of ∆
*
-continuous will be extended to Totally  ∆

*
-continuous, Quasi ∆

*
-continuous, Perfectly ∆

*
-

continuous, Strongly ∆
*
-continuous, Stongly totally ∆

*
-continuous and Contra ∆

*
-continuous. Also these 

concepts can be extended in Bitopological spaces and Fuzzy topological spaces.   
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Abstract— Wireless sensor network (WSN) is a collection of nodes that can sense environment and 

communicate through wireless links. WSN doesn’t require any fixed infrastructure and it is suitable for 

non reachable places.   

Wireless Sensor Actor Network (WSAN) is a Wireless Sensor Network, consists of Sensors and Actors. 

Actors need to communicate each other to achieve some desired application mission. However, a failure 

(which can be either due to accidents, energy problem or software/hardware problem) of an Actor may 

destroy the Network connectivity. One of the existing techniques to overcome this problem is, Least 

Disruptive Topology Repair Algorithm (LeDiR). LeDiR is a localized and distributed algorithmic rule that 

affects the existing route discovery activities within the network and imposes no extra pre-failure 

communication overhead. LeDiR deals only with single node failure. The enhanced work of LeDiR can be 

used to overcome multi node failure. But, both of these methods provide more number of node 

movements, more delay and less PDF (Packet Delivery Fraction).   

To provide connectivity even after multi node failure we present a new technique, which is based on 

energy level of each node. This method provides more PDF when compared to existing techniques.    

 

Keywords— Connectivity, Critical node (Cut vertex), Multi node, PDF, WSAN. 

I. INTRODUCTION 

Recent technological advances have lead to the importance of distributed Wireless Sensor and Actor 

Networks (WSAN) [1] which are capable of observing the environment, processing the data, making 

decisions and accomplishing proper actions. WSAN consists of Sensors and Actors.  

Sensors: Sensor are inexpensive, highly constrained in energy and have limited sensing and computation 

capabilities. Sensors collect the information about their environmental conditions and forward it to the 

Actors.  

Actor nodes: Actors are costly and have relatively more onboard energy supply. Actors have higher 

transmission powers and longer battery life with better processing capabilities. Actors receive the data 

from sensors and take decision and then perform appropriate action.  
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The Fig. 1 shows the Physical architecture of WSAN, where sensors and actors are arranged in the 

sensor/actor field, while the sink supervises the overall network and communicates with the task manager 

node and sensors/actors.  

Actors have to communicate each other in order to achieve some predefined application mission. 

However, a failure of an Actor may lose the Network connectivity [2].   

 

Fig. 1 Physical architecture of WSAN 

In order to re-establish the network connectivity some of the existing techniques use additional relay 

nodes. But the problem is, Actors are costlier. And some of the existing techniques are based on reactive 

mode. I.e., these methods re-establish the network connectivity by node movement only after the failure 

happens. But, the problem is, these methods provide delay until the recovery process is over. 

The reminder of this paper is organized as follows: Section II describes the overview of related work. 

Section III describes a new technique to overcome multi node failure. Section IV describes the simulation 

results and finally Section V concludes this paper.   

II. RELATED WORK 

A number of techniques have been proposed for re-establishing the connectivity in partitioned WSANs 

[2]. Some techniques use additional relay nodes to re-establish the connectivity, where as some other 

techniques uses repositioning of existing nodes to re-establish the connectivity. On the other hand, some 

techniques concentrate on some other parameters like asset safety [3], network longevity [4], and coverage 

[5], [6] or to self-spread the nodes after nonuniform deployment [7], [8], [9].  

Movement control algorithm [10] deals with the changing robot node positions before the failure happens. 

This method removes all cut-vertices by moving certain robot nodes to provide network Bi-connectivity.  

But, here the problem is the network topology is highly changed.     

Coverage Conscious Connectivity Restoration (C3R) [11] algorithm re-establishes the network 

connectivity by replacing failed node temporarily by one or more of its neighbour nodes. But the problem 

here is, this method leads to intermittent connectivity.  

Recovery through Inward Motion (RIM) [12] provides the connectivity by repositioning of neighbour 

nodes of the failed node. But the problem is this method provides cascaded node relocation.    

Distributed Actor Recovery Algorithm (DARA) [13] restores the connectivity by replacing the failed node 

by selecting a Best Candidate (BC) node. But the problem is selection of BC requires a lot of calculation 

which is not suitable for delay sensitive applications. 
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LeDiR restores the connectivity by smallest block movement. But, the number of node movements and 

delay are somewhat more.  

The LeDiR for multi node restores connectivity in the case of simultaneous node failure. But, this method 

provides some delay, node movements and less PDF.    

III. PROPOSED TECHNIQUE 

The existing methods work like reactive mode, if the node is failed then only hole healing will be start.  

This methods will be cause to high level topology changes, and the more number of nodes have to move 

from own position. Due to continuous node failure, the network may not be healed after certain healing 

process. To avoid this type of problem, we use one extra actor at base station. In this method the failure 

detection is based on the energy loss. The node will fail when it loosed remaining energy less than critical 

level.   

Each node in the network monitors the own energy loss, if own energy is getting reduce near to critical 

level then the node will inform to the base station about energy loss. Once base station receives error 

message from the sensor, then it will check availability of extra actor. The base node will share the 

position information of critical node and id details to the extra actor, and then the extra actor has to move 

to the critical node position.     

After reaching the place of critical node, the extra actor has to inform the critical node to inter change the 

id in neighbour’s table. The critical node will send the inter change message to neighbour with extra actor 

id. The neighbours of critical node need to change their neighbour table information, such as extra actor id 

will be placed as the neighbour sensor and neighbour sensor (critical node will be deleted). After id inter 

changing process, the critical node will be treated as extra actor and extra actor will be treated as normal 

sensor device, then the extra actor node (inter changed critical node) has to move to base station and its 

need to repair the energy level. This reclaimed extra actor can be placed in any other critical node in 

future.  

 

Algorithm:    

Let, Ec for Current energy level, ETh for threshold energy level, LCritic for critical node list, LExact for 

Available Extra actor list, IdEx for Extra actor Id, Pos for position, N for node (sensor or base station) Id . 

1. Initialize all sensor nodes in the network. 

2. Initialize the battery. 

3. Set Threshold energy level, ETh 

4. If Ec < ETh 

A. Generate Pkt.critical 

B. Pkt.Nd = Nid 

C. Broadcast Pkt 

5. If Pkt received in N 

A. If Pkt is Duplicate 

i). Free Pkt 

ii). Return 
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B. If Pkt.critical 

i). If N ≠ BS 

a. Rebroadcast Pkt 

ii). If N = BS 

a. Pkt.Nd U LCritic 

b. If LExact ≠ Null 

 IdEx = LExact(1) 

 Rearrange (LExact) 

 Move (IdEx → LCritic(1).Pos) 

 Rearrange LCritic 

C. If Pkt.Exactarrive 

i). If N ≠ NdCritical 

a.Ignore (Pkt) 

b.return 

ii). If N = NdCritical 

a.Switchneigh (N → IdEx) 

b.Move (N → BS.Pos) 

IV. SIMULATION RESULTS 

For simulation purpose NS2 [14], [15] has been used. For comparing Existing and Proposed techniques 

a 20 node network is considered. 

A. LeDiR  

A 20 node network is shown in Fig. 2. Here, node 14 is the base station.  

 

Fig. 2 Network setup 

In the beginning, base station has to initialize the network by sharing the PKTHello message with neighbour 

nodes. If any actor receives the PKTHello message, then the node will start the communication process after 

updating the base station information. In Fig. 3 the base station is broadcasting PKTHello message to their 

neighbour nodes 13, 8, 9, 16, 15.    
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Fig. 3 Network Initialization 

After initialization process, the actor devices will share the PKTHello message to each other to get to know 

the information as working status (See Fig. 4). Mean while, the devices can generate the data and it can 

forward to base station through the intermediate nodes.  

 

 

Fig. 4 PKTHello sharing  

 

Fig. 5 Failure detection 

Each actor can check the arrival of PKTHello message. Each node will wait certain amount of time for 

receiving the PKTHello message. After the time is expired, the node will sends a PKTError message to the 

base station to indicate its neighbour node is failed. The Fig. 5 shows node 12 is failed, which is a critical 
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node. According to LeDiR the smallest block is moved to provide the connectivity. In Fig. 6 we can 

observe the block movement.    

 

Fig. 6 Block movement 

B.  LeDiR-Multi node 

A 20 node network with one extra actor node (node 15) at base station is shown in Fig. 7. Here, node 20 is 

the base station.   

 

Fig. 7 Network set up 

In the beginning, base station has to initialize the network by sharing the PKTHello message with neighbour 

nodes. If any actor receives the PKTHello message, then the node will start the communication process after 

updating the base station information. In Fig. 8 the base station is broadcasting PKTHello message to their 

neighbour nodes 19, 13, 14.    
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Fig. 8 Network Initialization 

After initialization process, the actor devices will share the PKTHello message to each other to get to know 

the information as working status (See Fig. 9). Mean while the devices can generate the data and it can 

forward to base station through the intermediate nodes.    

 

Fig. 9 PKTHello sharing  

Each actor can check the arrival of PKTHello message. Each node will wait certain amount of time for 

receiving the PKTHello message. After the time is expired, the node will checks for alternate path, if it 

doesn’t find any alternate path, then it will send a PKTError message to the base station to indicate the node 

failure. The Fig. 10 shows the failure of multi node.    

 

Fig. 10 Failure detection 
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Fig. 11 Extra Actor replaced the neighbour failed node to provide temporary connection 

In order to provide the connection, the extra Actor node i.e. node 15 replaces the failed node temporarily 

(See Fig. 11).    

The neighbour nodes of this node will move towards to each other until they stay reachable to each other 

(See Fig. 12).    

 

Fig. 12 Movement of failed node neighbours 

After the network gets connected the extra Actor node will move to its original position (See Fig. 13).    

 

Fig. 13 Extra Actor moving to its Original position 
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C. Proposed Technique 

The Fig. 14 shows a 20 node network with one extra actor (node 20) at base station and the nodes in 

second column are 16, 11, 6,1 from top to bottom. In this technique, if the node energy level reaches 

threshold level then that can be treated as critical node and is replaced by extra actor.    

 

Fig. 14 Network set up 

The Fig. 15 shows, the energy level of node 16 reached the critical level and it is going to replace by extra 

actor.   

 

Fig. 15 Critical energy level of node 16 

The Fig. 16 shows the extra actor is moving to replace the node 16. Before reaching the node 16 

position one more node i.e., node 11’s energy reached critical level.  

 

Fig. 16 Moving of Extra actor (node 20) and critical energy level of node 11 
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The Fig. 17 shows node 16 is replaced by extra actor (node 20). As node 16 reaches the critical level 

first it can be replaced first. This node 16 is then goes to base station and there it can be repaired. The node 

16 further can be used as extra actor.    

 

Fig. 17 Replacing node 16 with extra actor (node 20) 

After the replacement of node 16 with extra actor (node 20), the node 16 is moving to the base station. 

Before node 16 reaching the base station, the node 6 and node 1 energy levels are reaching critical level. 

When we see Fig. 18 and Fig. 19 node 1 is reaching critical level last.    

 

Fig. 18 Moving node 16 to BS and critical energy level of node 6 

 

Fig. 19 Moving node 16 to BS and critical energy level of node 1 
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The Fig. 20 shows the node 16 is moved to the base station, where it can be repaired. This node 16 now 

can be used as extra actor.    

 

Fig. 20 Node 16 at BS 

The Fig. 21 shows, the extra actor (node 16) is replacing the node 11. Among nodes 11, 6,1the node 11 

reached the critical energy level first. Therefore it can be replaced first.    

 

Fig. 21 Replacing node 11 with extra actor (node 16) 

After replacing the node 11 with node 16, the node 11 is moved to the base station (See Fig. 22). Here, 

it can be repaired and further used as extra actor.    
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Fig. 22 Node 11 at base station 

The Fig. 23 shows, extra actor (node 11) replacing the node 6 position. Between node 6 and node 1, as 

node 6 reached the critical level it can be replaced first.    

 

Fig. 23 Replacing node 6 with extra actor (node 11) 

The node 6 is then goes to base station (See Fig. 24) and there it can be repaired and further used as 

extra actor.    

 

 

Fig. 24 Node 6 at base station 

The Fig. 25 shows the extra actor (node 6) is replacing the node 1.    
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Fig. 25 Replacing node 1 with extra actor (node 6) 

The node 1 is then goes to base station (See Fig. 26) and there it can be repaired and further can be used as 

extra actor. 

 

Fig. 26 Node 1 at base station 

D. Result Analysis 

We have compared 3 parameters for Existing and Proposed Techniques. For comparison purpose we have 

considered a 20 node network.    

1) Number of Actors Moved: The graph in Fig. 27 shows the percentage of Actor nodes moved in existing 

and proposed techniques. From the plot we can observe that, for a 100 node network in LeDiR 6 nodes are 

moved, in modified LeDiR 3 nodes are moved and in proposed technique the node movement problem 

have been avoided as the node is replaced before it going to fail.    

 

Fig. 27 Technique Vs Percentage of Actor nodes moved 

2) Delay: The graph in Fig. 28 shows the Delay for LeDiR, modified LeDiR and Proposed Techniques. 

Both existing techniques are providing delay, because of during the recovery process the data cannot be 

delivered to base station. When compared to existing techniques proposed technique is producing no 

delay. Since, in proposed technique the node is replaced before it going to fail.    
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Fig. 28 Technique Vs Delay 

3) PDF: It defines how many packets delivered in a second.  

The PDF graph is plotted between simulation time and packet size. From the plot shown in Fig. 29, we can 

observe that in existing techniques the PDF is going to zero during the failure. In proposed technique the 

PDF is not going to zero as the node is replaced before going to failure.    

 

Fig. 29 Time Vs Packet size 

V. CONCLUSION 

One of the major problems in Wireless sensor network is node failure. The failure of a critical node or 

sometimes multinode may destroy the network connectivity. This paper presents a new technique to re-

establish the network connectivity by using one extra actor at base station. The simulation results shows 

proposed technique performs well when compared to existing techniques.    
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ABSTRACT 

With the advent of the automobile era, the accident occurring due to the human negligence and vehicle 

malfunction emerged as a potential threat to our loved ones. Due to high speed cornering, rollover accidents 

take place. To minimize such accidents, a new economical device that can be used to reduce vehicle venerability 

to rollover is high speed cornering assist device. 

The high speed cornering assist device shall search as an altering device for the driver. If these signal lies in the 

zone to trip the vehicle, the driver shall be altered, so that driver could take the necessary action to prevent the 

rollover. The device consist of simple mass and spring system whose motion about mean position is monitored 

by proximity sensor which actuate to an alarming device hence to alert the drivers to take necessary measure to 

control their vehicle to avoid accidents. 

 

Keywords:  Cornering, High Speed, Safety, and Rollover. 

 

I. INTRODUCTION 

 

Now-a-days, accidents due to rollover are fatal and are increasing at a high pace. To minimize such accidents, a 

new economical device that can be used to reduce vehicle venerability to rollover is high speed cornering assist 

device. 

The device is named as high speed cornering assist (HSCA) and it shall serve as an alerting device for the 

driver. The device will measure the angle of inclination of vehicle while cornering and transduce these 

measurements into the electrical signals to actuate a buzzer. If these signal lies in the risk zone that might lead to 

tripping of the vehicle, the driver will be altered, so that he can take the necessary actions to prevent the 

rollover. The device is made intelligent by incorporating “switch off” action that will be initiated at the starting 

of the high risk zone. Under such circumstances the device will cut the engine supply so that the vehicle is 

retarded. 

The inspiration behind this research is lack of economical devices available for heavily loaded automobiles like 

trucks, wagon, Lorries etc. Number of accidents has occurred in which the HGVs have rolled over as the driver 

wasn’t aware of the tilt of the vehicle and hence lost control. The available devices are rare and expensive as 

they modify the suspension system to facilitate the braking action or it may vary the engine output regulating the 

brakes. Hence the need of an economical device was greatly felt that could prevent these types of accidents 
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caused due to tripping at the corner. In 1997, Yoshimi Furukawa and Mastao Abe also emphasized that there is a 

need to further propose control laws based on deeper observation and understanding on the tire and vehicle 

dynamics so as to ensure safety [1]. 

The device being proposed can be a part of any vehicle running on road, as its installation doesn’t need any 

factory modifications. It also doesn’t alter any other system nor voids the warranty of the vehicle. The device is 

cost effective as it can either work on the simple principle of potentiometer or on a proximity sensor. The device 

consist of simple mass and spring system whose motion about mean position is transduced either by a  

proximity sensor or by variably conductive devices, which actuates an alarming device which alerts the driver. 

 

II. LITERATURE REVIEW 

 

According to NHTSA (National Highway Traffic Safety Administration, US), more than 280,000 rollover 

accidents each year & out of these 16% are fatal and leads to death of our loved once [2] (Figure 1). 

Figure 1. Fatal Rollover Accidents 

A vehicle roll over is among the worst things that can happen on road. The chance for a rollover are more in 

taller and narrower vehicle having high center of gravity like the SUVs, pickups, vans and trucks etc. 

[3].A rollover is a type of vehicle accident in which a vehicle tips over onto its side or roof, the lateral forces 

increase with speed and also with rapid change of direction as when driver makes too sharp a turn one way and 

over corrects the other one (Figure 2). A single-vehicle rollover is usually not caused by a steering maneuver. 

Instead the vehicle usually has to “trip” on something such as when its swerves into curb, potholes, or soft 

roadside shoulder. The government has estimated 95 percent of rollover results from trips. As the number of 

accidents increases, so is the concern for the safety of passenger leading towards the invention of devices which 

can prevent rollover and assist the driver. The technologies available are expensive and works on the suspension 

system actuates the brakes to slow down. Studies suggest that electronic stability control systems can reduce the 

Other [CATEGORY 
NAME]

[PERCENTAGE]

Fatal Rollover 
accidents

16%
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chances of fatal injuries by 35% [4]. In 2002, Aleksander Hac suggested a simple yet insightful model to predict 

vehicle propensity to rollover is proposed, which includes the effects of suspension and tire compliance [5]. 

 

Figure 2. Location of Roll Center in Vehicle 

Technologies available in nowadays vehicle are as follows. 

 Cornering brake control 

Cornering brake control or CBC is an automotive safety system introduced by car makers like BMW and 

MERCEDES BENZ (ESP Dynamic Cornering Assist and Curve Dynamic Assist). It is a further development 

and expansion of the anti-lock braking system, designed to distribute braking force during braking whilst 

cornering. 

 Active trace control 

The Active Trace Control is a control system which can apply braking automatically to each wheel, helping to 

keep the vehicle on the cornering line as steered. The system helps drivers smoothly maintain control, so they 

are able to relax and drive around corners more confidently. 

 Vehicle stability assist 

The Vehicle Stability Assist (VSA) was introduced by Honda to its vehicles in 1997. The term is Honda's 

version of Electronic Stability Control (ESC), an active safety feature developed to 

correct oversteer and understeer by using several sensors to detect loss of steering control and traction while 

simultaneously braking individual wheels to help the vehicle regain stability. 

 

III. OBJECTIVE 

 

The High speed cornering assist is designed with the following objectives: 

 To prevent the increasing number of accidents due to rollover. 

 Simple and effective design alerting the driver in the position of roll over. 

 High sensitivity  
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 Economical  

 Can be installed easily into any vehicle 

 

IV. METHODOLOGY 

 

As the vehicle takes a sharp turn, there is possibility that the vehicle will rollover, this happens because the 

forces acting on it undergo significant variation. The driver also feels these forces when a vehicle turns around a 

corner. These forces result in the tilting of the driver as well as the car, the above concept is based on the 

“Newton first of motion” which defines the term “inertia”. In order to study the cornering scenario all the forces 

are considered, acting on the vehicle while undergoing a turn.  

On a turn, as the vehicle moves the automobile body and its suspension system tilt’s a little to attain the 

stability. This case is similar to the banking of road in which the vehicle is kept uniform throughout and the tilt 

or inclination is provided on to the roads which prevents the slipping and rollover of vehicle while taking a turn. 

The centrifugal force acts outwards from the vehicle whereas the friction force acts towards the center of 

curvature of the curve road and a balance between these two forces help to keep the vehicle stable on the road. 

In this the roads remain flat but due to turning the suspension inclined at an angle so that the grip on the road 

remains constant. So this inclination of suspension can be calculated by the formula given by the NHTSA 

(National Highway Traffic Safety Administration, US). After the determination of this angle, the body can be 

assumed to be inclined at this angle and further all the forces acting on it can be realized. 

To calculate these forces, considered a quassi static rigid body inclined at an angle referred above. Then the 

basics of “Newton equations of motion” are woven with the vehicle dynamics and with the concept of rollover 

including the behavior of forces on banking of roads to obtain the necessary characteristic values.  

The calculations are made with respect to the center of gravity (COG), and all the forces are assumed to be 

acting on it. Further the motion of the central mass, placed in our device is studied along the longitudinal axis. 

This motion then forms the basis of the scale of the proposed device and the necessary configuration of the 

proximity sensors or the variably conductive plates. In addition to this we tried to find the necessary placement 

position. 

 

V. DESIGN 

 

The device consist of a central mass connected to spring on both the sides, this arrangement is enclosed in a 

casing facilitating motion along the longitudinal axis only. The surface of casing is aluminum metal upon which 

the mass can slides to and fro. The plate has a friction lining so that any random motion of mass about the mean 

position can be arrested and result is steady values rather that varying with time and conditions (Figure 3). 
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Figure 3. Proposed Design of Device 

There are two ways of transducing the motion of the central mass, the first being the conventional variably 

conductive plates, that transfer current depending upon the resistance of the contact region. In the other way, 

two proximity sensors can be placed upon the vertical surfaces of the mass. These sensors shall measure the 

distance from the fixed ends. In both the cases a suitable amount of insulated zone or parameters are kept that 

help us in differentiating between the risk zones. 

The device design is unique and can be installed in any vehicle and is needed to be placed inside the passenger 

compartments above the center of gravity, so it is required to be concise and light. The position of device 

determine the spring constant and the critical angle of rollover is also height dependent, so every device should 

be calibrated for specific vehicles independently. 

 

VI. CALCULATIONS 

 

The force acting on the automobile will taking a turn is considered in which the centrifugal force away from the 

center of curve of the curved road and the friction force acts towards this center. 

 

6.1 Assumption to be made for calculations 

 The forces are assumed are for a quassi static rigid body. 

 The vehicle travels with a uniform speed of 60 Kmph. 

 The vehicle takes a 90 degree turn. 

 The radius of the turn is 18 m (r1+r2=R) (Figure 4). 
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Figure 4.Path While Cornering 

Critical angle of inclination while cornering after which rollover occurs ( ) 

 

 (Figure 5, 6) 

 

 

Figure 5.Force Due to Lateral Acceleration 
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 Figure 6. Inclination of Vehicle 

As per the above formula [2], critical angle of rollover is found out for a Honda civic car, a minivan and a truck. 

For each of the critical angle, a safe designing angle is selected to maintain the necessary factor of safety (Table 

1). 

Table 1. Critical and Designed Angles for Various Vehicles 

 

The selection of a designing angle is based upon two factors, the first being the safe zone limit given by the 

lateral acceleration vs. rollover angle and the second being the mass of that a vehicle carries under maximum 

load. So for the assumed values the graph for lateral acceleration vs. rollover angle in Figure 7 

Figure 7. Variation in Lateral Acceleration with Roll Angle 

Vehicle Type Critical Angle of rollover Designing Angle 

Honda Civic 48.5599° 35° 

Mini Van 41.98° 30° 

Truck 34.364° 25° 
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The calculation for force acting on the central mass of the device: 

 Resultant forces on vehicle in Figure 8. 

 

Figure 8. Resultant forces on vehicle 

 Acceleration of the mass block  

 sincos
2

gg
r

v

M

F
a 

 

 a = acceleration, F = force, M = mass, v = velocity of vehicle, μ = friction coefficient, 

 g = acceleration of gravity, θ = angle of inclination 

 

 Time elapsed during turn  

vRt /  

 t = time taken to take a turn, R= radius of curvature of road, v = velocity of vehicle 

 

Velocity which with mass slides  

atuv   

v =velocity with which the central mass slides 

 

Distance moved by Mass  

a

uv
s

2

22 
  

s = the displacement of mass along the longitudinal axis 

 

 

 Spring needed to get this displacement to 6.5 cm  
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kxma   

k = spring constant, x = displacement  

By using the above mentioned equations the following Table 2 was prepared. 

Table 2 – Results 

 

Sensitivity of the device  

Sensitivity of the device is the ratio between the changes in the output of a device to the corresponding change 

in the measured variable. For a good device or process, the sensitivity should always be high, thus producing 

higher output amplitudes. 

For a quassi static body, under consideration the variation in distance travelled by the central mass per unit 

change in the angle of inclination gives the sensitivity. The variation is shown as below. 

 

 

(a) Sensitivity graph     

Variation in Sensitivity with respect to θ is shown in Figure 9. 

Name Angle 

(Degree) 

Acceleration of central mass 

(m/sec
2
) 

Velocity with the mass slides 

(m/sec) 

Distance moved by 

the central mass 

(m) 

Civic 35 4.9096 8.3230 7.05487 

Mini Van 30 5.35089 9.0711 7.68898 

Truck 25 5.868951 9.9494 8.43341 

nn

nn XXX

 












1
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Figure 9. Variation in Sensitivity with respect to θ 

 

(b) Conclusions from the graph  

1. The change in displacement of central mass is negative and turns to positive when the angle is very high. 

2. For the given value of         , used for the design, the change in displacement will always be negative. 

Negative change implies that the displacement for a 5° change is more than for a 10° change. 

Following outcomes from the graph will force to introduce time delays in the device, so that the buzzer gets 

activated at a particular time only. Hence, providing a high sensitivity range to the device. 

 Position Related Adjustments needed 

Currently the device is assumed to be kept at the Center of Gravity (COG), but practically it can’t be placed over 

there so it will result in the variation of        and all the variables. The variation of Height vs. Angle of 

Inclination is shown in Figure 10. 

30

max
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Figure 10. Variation in θ with change in Height of roll center 

As we increase the height of placement, the critical angle will reduce correspondingly. Hence the device should 

be placed and calibrated for to the Maximum height obtainable by the chassis. 

 

VII. RESULT & FUTURE SCOPE 

 

The device shall serve its rightful purpose and can be used for any vehicle, given the condition that it is 

calibrated for the vehicle’s maximum load and as per the height of placement. The proposed device has a non- 

linear negative scaling i.e. the least value is present at the end of the scale. The springs used provides the smooth 

movement of the central mass, hence result in accurate operation. Further this is just the start towards a greater 

goal of producing low cost, efficient devices that could be implanted in vehicles that help in saving vehicles 

from potential accidents. Moreover further research can be conducted to make the device linear and make it 

more efficient. The proposed design of the device’s casing is in Figure 11. 

 

Figure 11.Solidworks® Design of HSCR 
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ABSTRACT 

This paper deals with how economics and ergonomics are co-related by stating various benefits of ergonomics 

in the field of economics. The case study discussed in this paper examines the impact of ergonomic 

interventionson productivity. This study involves the provision of footrests, foot-rails and compression 

padding’s for standing workers in their work areaand thereby resulting in beneficiary consequences such as 

reducing the stress and fatigue in the worker’s body. Here the calculation of financial benefits for office and 

industrial ergonomics is also detailed. Taking economics into concern, the advancements based on the 

ergonomic principles and its collaboration with the possible recent applications in the industries has also been 

elaborated.However most importantly, what is seen as advancement in the field of ergonomics is the ability of 

being able to manufacture products, maintaining sustainability with human resources. An accounting 

framework that in-corporates the three dimensions of performance: social,environmental and financial is known 

as the triple bottom line. These dimensions are also called the 3 P’s namely, people, planet and profits. 

 

I. INTRODUCTION 

 

Economics of ergonomics deals with being able to discuss with the management, the costs of work related 

musculoskeletal disorders and performance losses associated with them, which is beneficial when trying to 

justify the purchase of ergonomically designed office furniture. Technology offers a promising route to a 

sustainable future and ergonomist then serve a vital role. Success of ergonomist in promoting sustainable 

societies needs to be founded upon examination of the field’s own epistemology and ethics. Even the partial 

acceptance of Oakley’s proposition stating that ―man is the tool maker‖ ,makes it clear that a comprehensive 

understanding of ourselves must include a detailed evaluation of tools, technology and the way these artifacts 

affect the people we are now and will be in the future. 

―Good ergonomics is good economics‖, an advantage entitled by Henrik simply proves that if ergonomics 

concerns the law of work, how ―work‖ is defined, is critical. While work can be interpreted broadly, for 

example, the expenditure of energy to accomplish a goal, many people limit it to dealing it with their 

employment. This frame of reference would not include peoples’ interaction with technology in leisure pursuits, 

an area certainly cover by our field’s intent. Many of the analysis and methodological techniques we use today 

were developed from early study of manual work. 

Ergonomics intersects with the discipline of human factors and majorly involves development and application of 

human system interface technology. On the basis of human capabilities, limitations and other characteristics we 

use this disciplines technology to improve the quality of life including health, safety, comfort, usability and 

productivity. 
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One way to examine how an area embraces its domain is to see how it is being explicated in definitions. The 

definitions in return reflect how people specify some topic or concept using available language. We need to 

address the definition question not simply as another exercise in polemics but rather as a fundamental evaluation 

of where our area stands at the start of a new millennium and to distil a way to advance industries to a higher 

level of social recognition. 

However it is observed that organizations scouting for employ commitment, reduction in expenditure and 

increased rate of productivity, still do not employ ergonomic principles and methodologies, thereby losing out 

on their capacities. This problem will be solved only when federal and state agencies push for legislation to 

mandate incorporation of human factors engineering. Therefore, this paper elaborates the outstanding benefits of 

ergonomic interventions in an industrial process and can be used as a tool to demonstrate the pragmatism of 

ergonomic benefits. 

 

II. BENEFICIAL ECONOMIC OUTCOMES OF ERGONOMICS 

 

Decline in workers cost of compensation-The compensation cost due to ergonomic interventions has reduced on 

an average of 60-90%. 

 

Fig 1- Improvements in Various Factors Due to Ergonomics 

Rise in efficiency scale with improvement in working posture-There are 3 ways in which the ergonomics can 

help in improving the efficiency: 

 Reduction in efforts: It’s proved that time required to complete a task would significantly increase if it’s 

done in an improper position. 

 Inefficiency in motions: With ergonomic principles one can reduce the number of mistakes and time to do 

something intricate, for example: reaching out across a large object. 

 Higher tendency of fatigue: Improper and awkward posture causes unnecessary fatigue and makes the task 

more tedious. 
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Fig2- Awkward Working Posture Reduce Efficiency 

Reduction in number of motions: When the same set of motions is repeated it’s simply leads to unnecessarily 

wastage of time. Ergonomic analysis helps to identify the type of motion and instances where it is possible to 

improve them and eliminate the unnecessary entirely. 

 

 

Fig3-More Hand Motions: Slower, Less Hand Motions: Faster. 

Placements of Objects and design of height and reaches: The objects which need to be used during the course of 

the task by the worker should be within the optimal zones of reach of that worker. Poor heights and reaches can 

lead to unnecessary musculoskeletal disorders and result in the reduction of productivity. 

 

Fig4- Before: inefficient                   After: efficient 

Reduced maintenance downtime: Obstacles and barriers need to be identified and eliminated thereby increasing 

the speed in which operation can be brought back on line. It’s about providing clearance, reducing exertion and 

motions. 

Human resource management: Every organization might have to face a delay of few days or even a loss of a key 

person resulting in great destructions in the proceedings of work operations. Replacements are not an optimal 

solution because of the difference in skill levels. 

Identifying Waste: Motion and time study with a step by step analysis on the operation enables evaluation and 

needful elimination of discrepancy, considered tobe avoidable waste in ergonomics senses. 
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Creativity and innovative skill development: New ideas in different perspective can enable a conducive 

improvement in any organization and hence result in direct benefits even to the employees. It serves as the 

positive reinforcements and provides the foundation to cater to other issues. 

Methods Engineering: Ergonomics links itself directly to old concepts like the method engineering which has 

recently been neglected due to high-tech development. Reviewing basics enables productivity enhancement. 

Workers Relation and morale boosting: Ergonomics concept not only act as a important tool in problem solving 

between the management and labour but also creates a win – win situation by boosting the morale of day to day 

workers .  Employees are generally prone to dissatisfaction due to various reasons such as inadequate design of 

the equipment. 

Lean process and years of progress: Ergonomics is a pre-requisite for lean operations and over the years there 

have been improvements including stone axe, wheel etc. 

OSHA: It has issued the largest fines related to musculoskeletal disorders and the absence of any effort to 

reduce the risk factors for these disorders. 

 

III. IMPACT OF ERGONOMIC INTERVENTION ON PRODUCTIVITY 

 

This paper examines the economic impact of two ergonomic interventions using pre and post intervention on 

productivity, absenteeism, and health from a quasi experimental field study. The findings presented here maybe 

of interest of the following audiences: 

1) The policy makers at both the federal and state level considering the social cost and benefits of ergonomic 

work standard. 

2) State and federal occupational safety and health agency regulators. 

3) Health and safety co-operate officers considering the most appropriate work standards in office settings. 

4) Business managers seeking to improve their employees’ performance. 

5) Researchers interested in the relationship between individual health and economic outcome. 

In the manufacturing or material handling environment, there are well design intervention studies and a few are 

also in the office environment. Ergonomic training and alternate input devices are a broader set of office 

environment changes which are focused by the small number of office intervention studies. 

In cast iron rod manufacturing industries, workers operating on the lathe machine were provided with foot rest, 

foot rails and compression paddings, and on evaluation of program effectiveness, it was observed that workers 

would work more efficiently and could reduce postural stress, in an elevated foot position by virtue of reduction 

of lower back pains and joint pains. This also enables the worker to work for longer hours without respites. 

Ergonomic training and educational interventions have been advocated as potential prevention methods for 

reducing the incidence and severity of musculoskeletal injuries and hence training in an office ergonomic 

intervention is observed to have a lot of outstanding benefits. 

 

IV. CALCULATION OF FINANCIAL BENEFITS FOR OFFICE AND INDUSTRIAL 

ERGONOMICS 

 

The concept of ergonomics is currently most underutilized in today’s business world. The concept of 

ergonomics is seldom applied in business field but it can be useful as it is in strategic planning and quality 
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control. The use of ergonomics has a direct impact on the productivity, performance, throughput, delivery of 

services etc. It has effect on the entire business by enhancing the ability of the worker to do their work. 

Ergonomic application can reduce the compensation and medical cost. Ignoring the use of ergonomics in the 

office and industry can incur substantial cost.  Countries such as US and Canada have bills passed or in review 

that regulate the use of video display equipment. Some of the legislation carries fine up to $1000 per day per 

worker for contravention of workstation regulations. 

 

V. ERGONOMICS AND ITS DOLLAR VALUE 

 

Productivity and performance of a company increases only when its employees are focused to their work and are 

less concerned about the pain and difficulty of the job. The value of ergonomics, its benefits and the 

productivity in the white collar environment job is difficult to track. One way of finding this is to track the 

productivity according to the client methodology. By this methodology whatever improvements are made 

becomes clear. If tasks can be assigned with a value and time/benefit ratio, they can be compared with 

management goals and can easily be tracked for dollar significance. 

 

VI. MEASURING THE SAVINGS 

 

To measure the improvements in the white collar environment after the ergonomic application has been used, 

measurement of productivity is a must. A good tracking and measurement system available can help in 

measuring these improvements. Ergonomics can be helpful to that organization who is interested in higher 

production with fewer people and better quality. 

 

VII. JUSTIFICATION OF INVESTMENT MADE IN ERGONOMICS 

 

The approach used to arrive at the calculation of costs and benefits of a specific intervention are based on a 

technique called A delta T (AdT). AdT represents the difference (delta) between the actual costs (A) to produce 

a product or service and the theoretical (T) minimum cost of the same production process. 

delta = T - A 

In other words, delta is the loss that occurs as a result of a sub-optimized work unit or production system. It 

represents the overall losses, and provides the basis for the application of ergonomics to the production process 

in order to reduce to a minimum production costs. 

 

VIII. THE REASONS WHY COMPANY RESORT TO ERGONOMIC CHANGES 

 

The very few but major reasons why ergonomic changes occurs are to: 

 Improve the safety and health of the workers 

 Reduce the company’s costs 

 Address productivity/quality issues 

 Respond to regulatory concerns 

Making changes to the work environment to improve the safety and health of workers will often reduce a 

company’s costs, improve productivity and quality issues, and decrease the chance that employees will file 

a complaint with the Occupational Safety and Health Administration (OSHA). 
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 Determining ergonomic solution and its cost 

―The effectiveness of the solution does not always correlate with the cost of the solution, thereby providing 

an opportunity for a very effective solution at a low cost.‖ Several industries use a cost/value matrix to 

review this cost effectiveness. 

 Cost/value matrix 

This matrix compares the cost of the solution with its effectiveness, thus allowing a decision to be made as 

to which is the most appropriate solution. 

 

IX. RECENT ADVANCEMENT IN ERGONOMICS APPLICATION 

 

The concept of ―TRIPLE BOTTOM LINE‖ serves as a pre requisite for any advancement in technology or the 

manufacturing industry, to be successful. This principle that has evolved from the ground field of ergonomics, 

appreciates only those products that are not developed at the cost of its people. Irrespective of the price gain that 

the product might achieve, it might turn out to be futile if the profits earned, are neutralized, due to vicarious and 

undesired but unavoidable increment in the cost of production as a result of the medical expenses, that the 

company might have to bear, in order to help workers recuperate from the health loss, that they induce by the 

virtue of lack of ergonomic interventions. The inefficiency of labour that insinuates into the production cycle 

simply zeroes out the outstanding progress that a company might achieve as a result of the advancements in 

technology. 

 Changing trends in semi- automatic Metal Inert Gas (MIG) guns 

MIG is responsible for delivering the current to create the arc that generates the weld; MIG guns are also the one 

piece of equipment that directly impacts the welding operator—day in and day out, shift after shift. The heat of 

the gun, along with the weight and repetitive process of welding make it necessary to find the right gun to 

improve comfort and allow the welding operator with the opportunity to put his or her best skills forward. The 

addition of a swivel at the base of the MIG gun handle has become an important feature that contributes 

positively to welding operator’s comfort and productivity. MIG guns that provide a 360-degree swivel offer 

greater maneuverability for accessing weld joints and are less fatiguing to adjust throughout the course of a 

welding shift. This feature also reduces the strain on the power cable, resulting in lesser downtime and costs for 

changeover. The addition of rubber handle over-molding, which is becoming more popular in industrial settings, 

can further improve MIG gun ergonomics by providing welding operators with a more secure and comfortable 

grip. The over-molding can also help reduce vibrations during the welding process, minimizing hand and wrist 

fatigue.MIG gun manufacturers are also addingin features to their products that help minimize costs. Among 

those are front-loading liners. These liners, as their name implies, load from the front of the gun (after the initial 

installation of the system), as opposed to conventional liners that load from the back of the gun. The benefit to 

front-loading liners is that they simplify the process of installation. 
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Fig5- MIG Gun 

 Ford’s new assembly technique  

During building a vehicle, the human body can suffer enormous strain due to bending, stretching, reaching, 

grabbing, twisting, carrying, pushing and pulling. If this is repeated over a long period of, for instance, 20 or 30 

years, the physical toll can be debilitating. Ford has an immersive virtual-reality lab which leverages the 

application of infrared cameras and software to capture and digitally replicate every motion necessary for 

assembly workers to build a car. By using this technique ergonomic issues are down by 90% and the number of 

days missed by injured workers reduced by 75%. 

 

Fig6-Ford employee attempts to virtually mount F-150 transmission to engine. Screen in 

background shows plant environment, which employee sees with head-mounted display. 

 Economic evaluation for disability management intervention 

Over the last few years workers compensation insurers and authorities have increasingly focused on disability 

management issues. Many of these include some workplace based component such as the inclusion of the injury 

employer in the return to work transition. Disability management has been regarded as good practice, since it 

promotes improved recovery time. Preliminary evidence suggest that it can lead to lower resource cost.While 

there has been advancement in the evaluation of the effectiveness of workplace based intervention, the same 

cannot be said about the economic analysis component of evaluation. In general economic evaluation of 

workplace based intervention is an underdeveloped area within the operational health and safety (OHS) 

literature. There are at least one million workplace injuries caused by accidents each year, according to the 

Health and Safety Executive (HSE). The direct and indirect costs of some of these accidents can be very high 

and, while many organizations insure themselves against personal injury claims and public liability, there are a 

number of additional costs which remain uninsured. 

 Steel Pipes and Rods Handling and Stock-Keeping System 

http://wardsauto.com/taxonomy/term/53589?intlink=incontent
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A semi-automatic materials-handling and stock-keeping system for steel pipes and rods were ergonomically 

redesigned. The new design reduced the noise level in the area from 96 db to 78 db,increased production by 

10%, dropped rejection from 2.5% to 1%, and paid back the redesign and development costs in approximately 

18 months which proved to be lucrative. 

 

X. CONCLUSION 

 

Ergonomics, in general, helps in designing a job to fit the worker so that he is safe and efficient. Implementing 

ergonomic solutions can make employees more comfortable and increase productivity. Conservation of human 

resources is extremely important in order to make the best use of them. If the concepts of ergonomics are 

neglected it not only leads to a decline in the progress of the industry but also creates huge dent on the economic 

sector of the company. The immediate effect of negligence being body stresses and fatigue in workers, leads to 

serious musculoskeletal disorders, thereby, adversely affecting the work environment.   

The only solution to every possible problem in an industry is just as simple as employing and implementing 

ergonomics because for all that one need to know is ―GOOD ERGONOMICS IS GOOD ECONOMICS‖ –

something that every industry on earth exist for.! 
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ABSTRACT 

A combined cycle is a synergistic combination of two or more power cycles operating at different temperatures 

running independently. Normally the cycles are classified as a 'topping' and a 'bottoming' cycle. Presently, the 

gas steam combined cycle is widely accepted, where Brayton Cycle has high source temperature and rejects 

heat at suitable temperature that is conveniently used as the energy source for the Rankine Cycle. The 

performance of combined cycle depends upon number of parameters like TIT, component efficiencies, turbine 

exhaust temperature, degree of supplementary firing and condition of steam generation. Our work is to find 

specific work output and optimize the thermal efficiency of combined cycle by reheating without supplementary 

firing and using two different fuels isnapthaand natural gas when steam is generated at 12 bar 325
0
C for a 

given set of parameters like temperature, pressure ratio and A/f ratio. MAT lab coding has been used for 

validation of research work. 

 

Keywords: Combined Cycle, Optimization, Steam turbine, Gas turbine, Efficiency, 

Supplementary heating, , A/F ratio, Pressure ratio, comparison between fuels(Naptha and 

Natural Gas) 

 

I. INTRODUCTION 

 

The introduction of combined cycle has opened new avenues in the field of power generation. The gas turbines that 

were initially used in peak load power generation and emergency conditions could be used in base load power 

generation. Combined Cycle is a synergistic combination of gas cycle and power cycle. Thus performance of 

combined cycle depends upon the performance of gas cycle and steam cycle. So in order to achieve this objective the 

parameters that affect the performance of gas turbine (maximum temperature, component efficiency, a/f  ratio and 

pressure ratio) the limitations that restrict the performance of gas turbine (space, cost and metallurgical limitations) 

were determined . 

Flour corporation researched on the process of obtaining energy during regasification of LNG in CCGT. This 

improved the efficiency of CCGT by improving the quality of natural gas used.Louis JF Hirao Ka K and E.I. Masri  

M.A have proposed the comparative study of the influence of different means of turbine cooling on gas turbine 

performance G.CARRY et. Al.  has discussed the effect of steam cycle regeneration on combined cycle. They find out 
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that efficiency could rise for low turbine pressure ratio and for small regeneration degreeand regeneration degree 

causes an increase in efficiency when it is small enough .Considerable work on comparative evaluation of advanced 

combined cycle alternatives is reported in literature .IG RICE  has discussed the effect of pressure ratio and firing 

temperature on power output, thermal efficiency, turbine exit temperature. According to this reheat cycle gas turbine 

efficiency is degraded slightly over the simple cycle for equal firing temperature and the reheat cycle gas turbine 

output is increased significantly. It has also been  mentioned that as the pressure ratio is increased the compressor 

discharge temperature also increases. However gas generator exit temperature decreases with increase in pressure 

ratio. He emphasize on the role of pressure ratio on specific power output and thermal efficiency. And find that as the 

pressure ratio for compression increases the specific work output for gas turbine increases whereas work output in 

steam turbine is decrease .M.A. Da Cunha et. Al.  has discussed the concept of inter cooling and reheat for gas 

turbines and the effect of position of inter-cooling and reheating on gas turbine performance. In our analysis we 

discuss the optimized efficiency of the combined cycle with given sets of constraints and variables. The optimized 

result will give the maximum efficiency of the Combined Cycle which defines the running conditions of both the Gas 

Turbine and Steam Turbine Cycles. In 2012 Thamir K. Ibrahim  has discussed the effect of compression ratio on 

performance of Combined Cycle Gas Turbine. R-I Crane  has discussed the critical analysis of the thermodynamic 

advantages of reheat in Gas Turbines. 

In the present analysis, the specific work output and thermal efficiency of combined cycle is determined at different 

a/f ratio in the range of 50-130 and pressure ratio in the range of 4-40for the two fuel naptha and natural gas. It is 

observed that specific work output and thermal efficiency is high for natural gas as compared as naptha. 

 

II. THERMODYNAMIC MODELING OF COMBINED CYCLE 

 

In the present analysis of combined cycle, the effect of various parameters like a/f ratio), pressure ratio on 

specific work output and thermal efficiency. The effect of reheat, supplementary heating and condition of steam 

generation i.e. pressure and temperature on specific work output and thermal efficiency are also analyzed. 

To analyze the present study the methodology adopted are Firstly calculate worknetl, work net2 and efficiency 

1, efficiency 2 at different a/f ratio and pressure ratio for Reheat , inter-cooling without supplementary firing for 

natural gas and naptha when the steam is generated at 12 bar and 325
o
 

Once the exhaust gas has temperature needed for steam generation steam  cycle would contribute. 

Thus we can calculate work 3 and efficiency 3.  

Here, 

  Work 3  =   Work net 1 + Work net 2 

  Efficiency 3  =  Efficiency 1  +  Efficiency 2 
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Fig.1  Gas turbine cycle (Brayton cycle)                      Fig.2  Rankine cycle without 

  without supplementary heating with reheat                     supplementary heating with reheat 

    and with intercooling     and with intercooling 

 

III. ANALYSIS OF GAS TURBINE CYCLE 

3.1 With Reheat without Supplementary Heating 

 

 t i pi γ-1/ γ 

 -------  = -------  

 t 1 p1  

where γ –1   

 ------- = 0.2857  

 

γ 

Also, pi = sqrt (p1 x p2), where Sqrt = Square Root 

Now, 

  

  

 ti  - t1      

 --------- = ηc     

 tia – t1      

  ti – t1     
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 tia =              -------+ t1    

  ηc     

Now, similarly      

  t2 – tx     

 t2a  =    ------ + tx    

  Ηc     

Here, for perfect inter-cooling, tx = t1   

  t2 – t1     

So t2a =   ------ + t1    

  ηc     

Now, to calculate t3     

 mf x L.C.V = (mf  +  ma ) x Cpg x (t3 – t2a)   

 ma  =  1 x a/f     

  mf x L.C.V    

 t3 =   --------- + t2a   

  (mf  +  ma)  x Cpg   

 t3  p3 0.2857   

 ------- = ------    

 t4  p4    

and  p4 = sqrt (p3 x p5) 

t3 

t4 = ----------------- 

(p3 / p5) 0.2857 

and t5 = t3 

t5 

t6  = -------------------- 

(p4 / p5) 0.2857 
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t5 – t6a   

ηt  =  - --------   ,   t6a  = t5 – ηt (t5 – t6)   

t5 – t6   

Here,    

wt = (mf + ma) x Cpg x (t3 - t4a + t5 –t6a) 

and 

wc = ma x Cpa x (t2a – tx + tia – t1) 

Now, 

Work 1 

Thermal = ----------------------------------------------- 

Efficiency mfx L.C.V  + (mf + ma) x Cpg x (t5 – t4a) 

 

IV ANALYSIS OF STEAM CYCLE 

4.1 With Reheat without Supplementary Heating 

Mass of steam generated by utilization of waste energy. 

Work (steam) = ms x (h3-h2) 

Now to calculate 'ms' 

(mf+ ma) xCpgx (t8– t9) 

ms =  ----------------------------------------- 

(h3 - h2) 

Also, 

work net  2 = (work 2) 

-------------------------- 

(mf + ma) 

Efficiency 2 = (work 2) 

------------------------------------------- 

mfx L.C.V + (mf+ ma) xCpgx (t5– t4a) 
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V. ANALYSIS THROUGH MATLAB CODING 

5.1 Analysis of Combined Cycle With Reheat Without Supplementary Heating when steam is 

generated at 12 bar 325
0
C for naptha 
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Fig. 1 : Thermal Efficiency v/s Pressure Ratio at Different A/f Ratio with Reheat  Without 

Supplementary Heating when Steam is Generated at 12 bar 325
0
C 

The Optimized Value of Efficiency at Air/Fuel Ratio 50.00 and Pressure Ratio  40.00  is  0.508. 

1) Steam cycle become effective for A/F ratio 110 and lower.  

2) At A/F ratio of 100 Efficiency 3 increases from pressure ratio 4 to pressure ratio 18. Efficiency 3 decreases 

sharplyin the range of 18 to 20 bars. From 20 bar onward Efficiency 3 continuously increase with pressure.  

3) At a particular pressure ratio the Efficiency 3 increases with lowering of A/F ratio.  4) The optimized value 

of Efficiency 3 is at A/F ratio 50 and pressure ratio 40. 

 

5.2 Analysis of Combined Cycle with Reheating without Supplementary Heating When Steam is 

Generated at 12 Bar and 325
0
Cfor Natural Gas 
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Thermal Eficciency v/s pressure ratio at different A/f ratio with reheat without supplemantary 
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heating when steam is generated at 12 bar 325
0
C 

The optimized value of efficiency value of efficiency at A/f ratio 120 Pressure ratio 40 is 0.517. 

1)  Steam cycle become effective for A/f ratio 110 and lower. 

2) At A/f ratio of  100 efficiency 3 increases from pressure ratio 4to prssure ratio 18. Eficiency 3 decreases 

sharply in the range of 18 to 20 bar onwards efficiency 3 continuously increases with temprature. 

3) At a particular  pressure ratio the efficiency 3 increases with lowering of A/f ratio. 

4) The optimized value of efficiency 3 is ar A/f ratio 50 and pessure ratio 40. 

5) The efficiency of steam cycle increases with the increament of  L.C.V. of fuel.  

 

VI. CONCLUSION 

 

Turbine exit temperature is decreasing as pressure ratio is increased keeping A/F ratio constant because turbine 

maximum temperature does increase with pressure ratio but this effect is marginalized by the increase of 

expansion ratio owing to higher pressure ratio. At a particular pressure ratio if a higher A/F ratio is optimized 

then turbine maximum temperature goes on decreasing as the mass of fuel is constant and at higher A/F ratio the 

heat released due tomass of fuel is used for raising the temperature of higher quantity of flue gas resulting in low 

temperature of turbine inlet temperature. In the gas turbine cycle the efficiency first increase and then decreases 

with increasing pressure ratio when steam is generated at, 12 bar 325
0
C with reheat .A steam cycle does not 

effective at higher A/F ratio. Generally steam cycle is effective at A/F ratio 110 and less than it. Efficiency of 

steam cycle is decreases as pressure ratio increases when steam is generated at 12 bar 325
0
C, with reheating and 

without supplementary heating. In combined cycle for A/F 130 to A/F 100 the turbine exit temperature is less 

than 325
0
 C i.e. ( the condition of Steam generated )so steam cycle does not contribute and,  

Efficiency = Efficiency 1. 

Steam cycle became effective at A/F ratio of 100 and lower. Here  

Efficiency = Efficiency 1 + Efficiency 2. 

 At a particular pressure ratio the efficiency of combined cycle (using naptha is 0.508 and natural gas 0.517) 

increases at lower A/F fuel ratio. Thus by comparing the fuels we obtained natural gas has higher efficiency in 

same conditions when compared to naptha and it is seen that with using the more  higher L.C.V. fuel efficiency 

of steam cycle increases. 

 

VII. NOMENCLATURE 

 

mfMass of fuel 

maMass of Air 

a/f  Air Fuel Ratio 

ηc  Isentropic compressor efficiency 

ηt  Isentropic turbine efficiency 

h1  Enthalpy of steam at turbine Inlet temperature 

h2  Enthalpy of steam after expansion in turbine. 

hf3  Enthalpy of feed water after considering pump work. 
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 Work 1 Work output in gas turbine per kg of fuel burnt. 

Work net 1 Work output in gas turbine cycle per kg of flue gas. 

ms  Mass of steam 

 Work 2 Work output (steam cycle.) per kg of fuel burnt 

  Work net 2 Work output (steam cycle.) per kg of flue gas 

 Efficiency 1 Thermal efficiency for gas turbine cycle 

  

  

T.I.T Turbine Inlet Temperature   

w/o Without   

H.R.S.G Heat Recovery Steam Generator   

H.P.C High Pressure Compressor   

L.P.C Low Pressure Compressor   

H.P.T High Pressure Turbine   

L.P.T Low Pressure Turbine   

ti Actual temperature of air after passing low pressure  

 Compressor   

t2a Actual temperature of air after passing high pressure Compressor 

t4a Actual temperature of flue gas after passing high pressure  

 Turbine   

t6a Actual temperature of flue gas after passing low pressure Turbine 

tx Temperature of air after passing through intercooler.  

wt Work output of turbine.   

wc Work required in the compressor.   

Tia Actual temperature after compression   

L.C.V Lower Calorific Value.   

p1 Ambient pressure.   

t1 Ambient temperature.   

Cpg Specific heat of flue gas.   

Cpa Specific heat of air.   

Z The percentage of fuel that is burnt in Combustion Chamber 

 

when supplementary heating is considered. 
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Efficiency 2 Thermal efficiency for steam cycle 

 Work 3 Specific work output for combined cycle 

Efficiency3 Thermal efficiency for combined cycle 

p2 Compressor exit pressure. 

t2 Compressor exit temperature. 

t3 Turbine Inlet Temperature 

t4 Isentropic Turbine Exit Temperature (w/o Reheating) 

t5 Temperature after Reheated. 

t6 Isentropic Turbine exit temperature (with Reheating). 

p3 Pressure in combustion chamber for gas turbine cycle. 

p4 Reheat Pressure. 

ti Isentropic Temperature of air after intercooler. 

pi Intercooler Pressure. 
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