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FRW Viscous Fluid Cosmological Model in 
F(R,T) Gravity  

R.L.Naidu α, K. Dasu Naidu  σ, T. Ramprasad ρ & D.R.K.Reddy Ѡ 

Abstract - Friedmann -Robertson-Walker (FRW)  space time is 
considered in f(R,T) gravity proposed by Harko et al. 
(Phys.Rev.D 84, 024020, 2011)  when the source for energy 
momentum tensor is a  bulk viscous fluid. A barotropic 
equation of state for the pressure and energy density is 
assumed to get a determinate   solution   of the field equa-
tions. Also the bulk viscous pressure is assumed to be 
proportional to energy density. A physical discussion of the 
model is also presented. 
Keywords : FRW model - f (R,T) gravity -  viscous fluid.  

I. Introduction 

odified theories of gravitation have been 
extensively studied in connection with their 
cosmological implications. Noteworthy among 

them are the scalar-tensor theories of gravitation 
formulated by Brans and Dicke (1961), Nordtvedt 
(1970), Sen(1957) ,Sen and Dunn(1971) and Saez  and 
Ballester (1986). In recent years there has been an 
increasing interest in modified theories of gravity in view 
of the direct evidence of late time  acceleration of the 
universe and existence of the dark matter and dark 
energy (Reiss et al. 1998; Perlmutter  et al.1999; Bennet 
et al;2003). In particular, f(R) theory of gravity formulated 
by Nojiri and Odintsov (2003a) and f(R,T) theory of 
gravity proposed by Harko et al.(2011) are attracting 
more and more attention. It has been suggested that 
cosmic acceleration can be achieved by replacing 
Einstein-Hilbert action of general relativity with a general 
function f(R) (R being the Ricci scalar curvature). A 
comprehensive review of modified f(R) gravity is given 
by Copeland et al.(2006) while a detailed discussion of 
f(R,T) gravity is given by Harko et al.(2011).Also, Caroll 
et al.(2004), Nojiri and Odintsov(2003b,2004,2007) and 
Chiba et al. (2007) are some of the authors who have 
investigated several aspects of f(R) gravity. Very 
recently, Adhav (2012) has obtained Bianchi type-I 
cosmological model in f(R, T) gravity. Reddy et al. 
(2012a, b) have discussed Bianchi type-III and Kaluza-
Klein cosmological models in f(R,T) gravity while Reddy 
and Shantikumar (2012, 2013) studied some anisotropic 
cosmological models and Bianchi type-III dark energy 
model, respectively, in f(R,T) gravity. 
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  It is well known that viscosity plays an 
important role in cosmology (Singh and Devi 2011; 
Singh and Kale 2011; Setare and Sheykhi 2010 and 
Misner 1969). Also, bulk viscosity appears as the only 
dissipative phenomenon occurring in FRW models and 
has a significant role in getting accelerated expansion of 
the universe popularly known as inflationary space. Bulk 
viscosity contributes negative pressure term giving rise 
to an effective total negative pressure stimulating 
repulsive gravity. The repulsive gravity overcomes 
attractive gravity of matter and gives an impetus for 
rapid expansion of the universe hence cosmological 
models with bulk viscosity have gained importance in 
recent years. Barrow (1986), Pavon et al. (1991), 
Martens (1995), Lima et al. (1993), and Mohanty and 
Pradhan (1992) are some of the authors who have 
investigated bulk viscous cosmological models in 
general relativity. Johri and Sudharsan (1989), Pimental 
(1994), Banerjee and Beesham (1996), Singh et 
al.(1997), Rao et al.(2011,2012), Naidu et al. (2012)  and  
Reddy et al.(2012) have studied bulk viscous cosmo-
logical models in Brans-Dicke and other modified 
theories of gravity.  

Motivated by the above investigations we study, 
in this paper, FRW bulk viscous cosmological model in 
the modified f(R, T) gravity proposed by Harko et al. 
(2011). Also these models play a vital role in the study of 
evolution of the universe and the accelerated expansion 
of the universe. 

II. Metric and Field Equations 

Assuming the universe to be homogeneous and 
isotropic, FRW metric can be written as 

𝑑𝑑𝑑𝑑2 =  −𝑑𝑑𝑑𝑑2 + 𝑎𝑎2(𝑡𝑡) � 𝑑𝑑𝑑𝑑 2

1−𝑘𝑘𝑟𝑟2 + 𝑟𝑟2(𝑑𝑑𝑑𝑑2 + 𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃𝑑𝑑∅2 )�  (1) 

   
 

 
 The field equations of f(R, T) gravity are derived 

from Hilbert-Einstein type variational principle by taking 
the action. 

𝑆𝑆 =  1
16𝜋𝜋

[∫{𝑓𝑓(𝑅𝑅,𝑇𝑇) + 𝐿𝐿𝑚𝑚 }�−𝑔𝑔  𝑑𝑑4𝑥𝑥]              
 
(2)
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Where f(R, T) is an arbitrary function of the Ricci 
scalar R, T is the trace of energy tensor of the matter 𝑇𝑇𝑠𝑠𝑖𝑖
and 𝐿𝐿𝑚𝑚 is the matter Lagrangian density. 

Where a (t) is the scale factor of the universe 
and k= -1, 0, +1, respectively, for open, flat and closed 
models.



Now, by varying the action S of the gravitational 
field with respect to the metric tensor components  𝑔𝑔𝑖𝑖𝑖𝑖 , 
we obtain the field equations of f(R, T) gravity, with the 
special  choice  of  f(R,T) (Harko et al.2011) given by     

                       F (R,T)=R+2f(T)                                 (3) 

as (for a detailed derivation of the field equations one 
can refer to Harko et al. 2011) 

𝑅𝑅𝑖𝑖𝑖𝑖 −
1
2
𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 =   8𝜋𝜋𝑇𝑇𝑖𝑖𝑖𝑖  + 2𝑓𝑓′(𝑡𝑡)𝑇𝑇𝑖𝑖𝑖𝑖 + [2𝑝𝑝𝑓𝑓′(𝑇𝑇) + 𝑓𝑓(𝑇𝑇)]𝑔𝑔𝑖𝑖𝑖𝑖                                            

(4)
 

Where the overhead prime
 
indicates derivative 

with respect to the argument.
 

We consider the energy momentum tensor for a 
bulk viscous fluid as

 

                
𝑇𝑇𝑖𝑖𝑖𝑖

 
=

    (
 
𝜌𝜌 + 𝑝̅𝑝)𝑢𝑢𝑖𝑖𝑢𝑢𝑗𝑗

 
+

  
𝑝̅𝑝𝑔𝑔𝑖𝑖𝑖𝑖                  (5)   

                                                  

And  

  

              

 

      𝑝𝑝

 

�

     

= 𝑝𝑝 − 3ζH                             (6)

 

 
                                                                                

Where 𝜌𝜌 is the rest energy density of the   
system, ζ (t) is the coefficient of bulk viscosity, 3ζH is 
usually known as bulk viscous pressure and H is 
Hubble’s parameter. 

Also,  𝑢𝑢𝑖𝑖 =    𝛿𝛿4 
𝑖𝑖  is a four-velocity vector which  

satisfies. 

                                𝑔𝑔𝑖𝑖𝑖𝑖 𝑢𝑢𝑖𝑖𝑢𝑢 𝑗𝑗 = −1                           (7) 

  
 

Using co moving coordinates and a particular 
choice of the function given by (Harko et al.2011). 

               𝑓𝑓(𝑇𝑇) = 𝜇𝜇𝜇𝜇, 𝜇𝜇 𝑖𝑖𝑖𝑖 𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐                          (8)                                                                         

The field equations (4) for the metric (1) with the 
help of equations (5) and  (7) yield the following 
independent equations  

2𝑎𝑎 𝑎𝑎44
𝑎𝑎2 + 𝑎𝑎4

2

𝑎𝑎2 + 𝑘𝑘
𝑎𝑎2 = (8𝜋𝜋 + 𝜇𝜇)𝑝̅𝑝 + 𝜇𝜇𝜇𝜇               (9) 

3
𝑎𝑎2 (𝑎𝑎4

2    + 𝑘𝑘) = ( 8𝜋𝜋 + 3𝜇𝜇)𝜌𝜌 − 𝜇𝜇𝑝𝑝 �               (10) 

where a suffix 4 indicates differentiation with respect          
to t. 

III. Solutions and the Model 

From the two independent field equations (9) 
and (10) we have to determine the unknowns 
𝑎𝑎 ,𝜌𝜌,𝑝𝑝 𝑎𝑎𝑎𝑎𝑎𝑎 𝜁𝜁. Also the field equations are highly non-
linear in nature and therefore we use the following 
plausible physical conditions: 
i. For a baratropic fluid the combined effect of the 

proper pressure and the barotropic bulk viscous 
pressure can be expressed as 

                        𝑝̅𝑝 = 𝑝𝑝 − 3𝜁𝜁𝜁𝜁 = 𝜀𝜀𝜀𝜀                             (11) 

 where             𝑝𝑝 = 𝜀𝜀0𝜌𝜌 ,     0 ≤ 𝜀𝜀0 ≤ 1 
 

ii. We use the variation of Hubble’s parameter 
proposed by Berman (1983) that yields constant 
deceleration parameter models of the universe 
defined by 

                           𝑞𝑞  = −𝑎𝑎 𝑎𝑎44
𝑎𝑎4

2 =constant                     (12) 

which yields the solution 

                          𝑎𝑎  = (𝑐𝑐𝑐𝑐 + 𝑑𝑑)
1

1+𝑞𝑞                           (13)  

Where 𝑐𝑐 ≠ 0 𝑎𝑎𝑎𝑎𝑎𝑎 𝑑𝑑 are constants of integration. 
This equation implies that the condition for accelerated 
expansion of the universe is  1 + 𝑞𝑞 > 0. 

 Now solving the field equations (9) and (10) 
with the help of (11) and (13), we obtain FRW viscous 
fluid model, through a proper choice of coordinates            
(I e., c=1 and d=0) as 

  𝑑𝑑𝑑𝑑2 =  −𝑑𝑑𝑑𝑑2 +  𝑡𝑡
2

1+𝑞𝑞  �𝑑𝑑𝑑𝑑
2         

1−𝑘𝑘𝑟𝑟2  + 𝑟𝑟2  {  𝑑𝑑𝑑𝑑2   + 𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃𝑑𝑑∅2}�                      

(14) 

With the following physical quantities in the model 
Energy density: 

       𝜌𝜌 = 1
4𝜋𝜋+4𝜀𝜀+𝜇𝜇

� 2−𝑞𝑞
(1+𝑞𝑞)2𝑡𝑡2   + 2𝑘𝑘

𝑡𝑡
1

(1+𝑞𝑞)
�                  (15) 

Pressure: 

       𝑝𝑝 = 𝜀𝜀0
4𝜋𝜋+4𝜀𝜀+𝜇𝜇

� 2−𝑞𝑞
(1+𝑞𝑞)2𝑡𝑡2   + 2𝑘𝑘

𝑡𝑡
1

(1+𝑞𝑞)
�                  (16) 

Coefficient of bulk viscosity: 

    𝜁𝜁 =   1
3
� 𝜀𝜀0−𝜀𝜀

4𝜋𝜋+4𝜀𝜀+𝜇𝜇
 � � 2−𝑞𝑞

(1+𝑞𝑞)𝑡𝑡
  + 2𝑘𝑘

𝑡𝑡
1−𝑞𝑞

(1+𝑞𝑞)
�               (17)   

Hubble’s parameter 

                      𝑯𝑯 = 𝒂𝒂𝟒𝟒
𝒂𝒂

 =   𝟏𝟏
(𝟏𝟏+𝒒𝒒)𝒕𝒕

                         (18) 

 Bulk viscous pressure  

              𝑝̅𝑝= 𝜀𝜀
4𝜋𝜋+4𝜀𝜀+𝜇𝜇

� 2−𝑞𝑞
(1+𝑞𝑞)2𝑡𝑡2   + 2𝑘𝑘

𝑡𝑡
1

(1+𝑞𝑞)
�                  (19) 

IV. Physical Discussion and   

Conclusions 

Model given by the Eq.(14) represents FRW 
viscous fluid cosmological model in f(R,T) gravity. The 
model represents expanding model. It can be observed 
that for large t there is accelerated expansion in 
accordance with recent observational data. Physical 
quantities 𝜌𝜌,𝑝𝑝 , 𝜁𝜁 H, 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝�    vanish for large t while at the 
initial epoch, i.e. at t=0 they all diverge. 

  It  is  well known that the present day universe is 
better, described by FRW model. Also, Harko et al. 
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Here we also consider 𝜌𝜌 and  𝑝̅𝑝 as functions of 
time t only.



(2011) have proposed modified f(R,T) gravity to explain 
the accelerated  expansion of the universe. Here we 
have investigated a spatially homogeneous and 
isotropic FRW viscous fluid cosmological model in                  
f(R,T) gravity. It is observed that the model is expanding. 
The model obtained, here, will be useful to study the role 
of bulk viscosity in the expansion and evolution of the 
universe. 
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