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ABSTRACT:  

In recent times, vacuum-assisted resin transfer molding (VARTM) has become a 

promisingtechnique for the processing of large composite structures. On the contrary, there 

are few issues related to VARTM processing as many process parameters are involved and 

required to optimize them to achieve high fiber volume fraction containing composite 

material. These issues can be addressed and resolved by an understanding of various flow 

modeling techniques and simulation methods. In this present study, a review of different 

approaches in flow modeling and simulation of the VARTM process is presented. The 

processing technology of VARTM along with the fundamental and constitutive models for 

mold filling stage as well as curing stage such as permeability, compaction, resin viscosity 

and cure kinetics are presented. The numerical simulation methods adopted by various 

researchers used to simulate the filling processes with their specific applications and 

simulation software are also reported and reviewed. As an outcome, identification of 

permeability of various fibers and simulation processing time are more predominant 

factors to perform accurate VARTM simulation.  

 

1. INTRODUCTION  
Polymer matrix composites (PMC) are becoming the prime choice in the category of 

material to replace metals and other materials in numerous sectors such as aeronautics, 

automotive, sports industry, construction, and marine structures. Composite structure also 

gives benefits in terms of reproducibility, quality, performances, environment friendliness 

and cost reduction, which are the indication of increasing the demand in the recent market. 

Among the various primary manufacturing processes for composites, Liquid Composite 

Molding (LCM) processes, for instance Resin Transfer Molding (RTM) and Vacuum 

Assisted Resin Transfer Molding (VARTM) are more suitable for processing complex 

shaped composite with a good surface finish and quality. Unlike the RTM process, 

VARTM provides significant reduction in the tooling cost as it requires a mold and a 

vacuum bag is used to close the mold. Therefore, manufacturing large composite structure 

such as ship hulls, windmill components and turbine blades, etc., VARTM is considered as 

the most cost-effective manufacturing method [1,2]. However, VARTM process can be 

critical, as it is required to complete the mold filling with adequate wetting of the fiber mat 

to achieve high fiber volume fraction in the composite. Incomplete resin infusion in the 

mold causes dry spots and resulted in defective parts. To accomplish good quality product, 

processing parameters, such as the locations and numbers of injections and vents need to 

be correctly set [3]. This problem can be addressed and understood by using mold filling 

simulation tool, allows the prediction of mold filling time, air trapped zones, resin flow 

around the inserts which probably lead to unfilled regions, etc [4]. Based on this, the 

VARTM process technology is discussed and formulated the VARTM model. In the 

present work, VARTM model and its implementation in the numerical simulation tool for 

creating a variety of real part by the contribution of various  
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1.1 VARTM Process Technology VARTM is a variation of the RTM infusion process. 

VARTM is gaining wider acceptance as it allows for good control of the fiber-to-resin ratio 

and provides consistent fabrication process for large structures at reasonable cost. In the 

VARTM process, dry fabric sheets are placing into a mold, covered via a flexible vacuum 

bag with the use of adhesive sticky tapes, which will govern the vacuum inside the mold 

cavity by pulling a vacuum. At the same time, polymer resin is infused to saturate the dry 

fibers until the resin is fully cured [5]. The schematic representation of VARTM is shown 

in figure 1. 

 

 
The VARTM process can be divided into five stages. To begin with, in premolding stage, 

the mold surface is cleaned. Then the mold release agent and the gel coat are applied onto 

the mold tool respectively. Next, dry fiber mats are placed into the mold to create fiber 

layup (fiber reinforcement stacking). To produce adequate resin flow, high permeable 

medium is placed over the fiber layer stack up and then covered by a flexible vacuum bag. 

The cavity formed by the vacuum bag is sealed through vacuum sealant tapes. Resin can be 

injected into the fiber mats form one side by creating a vacuum inside the mold cavity. 

Once the cavity is filled with resin, then resin will take time for curing in room temperature 

condition or under the preheated environment. Finally, the cured composite part is taken 

out with the help of peel ply. Although this process seems simple, in real time fabrication, 

the process can be quite complicated. The selection of the injection line and vent line 

location must be carefully designed so that the mold can be completely filled with resin 

[3,5]. 

 

2. FORMULATION OF VARTM MODEL  

The VARTM process has to deal with two fundamental models: resin flow through the fiber 

layup, and compaction and relaxation of the fibers under the vacuum condition. In addition 

to this, the resin cure kinetics and viscosity must be identified to confirm whole resin 

impregnation of the fiber layup before gelation of the resin. A complete simulation model 

involves three constitutive models: the resin flow in the fiber layup, the compaction of the 

fibers during the infusion practice, and the viscosity and cure kinetics of the resin [1,6]. 2.1 

The fluid flow model This model is developed to trace the resin flow through the high 

permeable medium and the fiber layup. The governing equation for the flow of 

incompressible resin considering as a quasi-steady state can be described by following 

continuity equation, 
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Generally, flow through the porous media can be 

modeled using Darcy’s law equation (2), In this equation (2), the fluid 

velocity u is related to the resin viscosity μ, pressure gradient p and thepermeability K. The 

key challenge is to determine the permeability in modeling the VARTM process. There are 

two methods generally used in determining the permeability of a fiber layup likely as the 

steady-state and advancing flow front methods. 2.2 Compaction of fibers during infusion In 

VARTM process, the flexible vacuum bag is used to provide compaction pressure. In this 

model, two different processes simultaneously occurred. First, creation of vacuum inside 

the mold cavity by pulling a vacuum and resulted into variation in the pressure across the 

vacuum bag. Second, this effect allows the infusion of resin in the mold cavity. Hence, this 

flexibility of vacuum bag allows to vary thickness of the fiber layup during infusion as a 

function of resin pressure [5,7]. The compaction of the fiber layup is difficult and depends 

on the compressibility and relaxation of the fiber layup under pressure, and the interaction 

between the fibers and the resin flow. The compaction pressure on the fiber layup can be 

calculated using equation (3) as shown below: where Patm is 

the atmospheric pressure outside of the mold cavity, Pcomp is the compaction pressure 

applied to the fiber layup, and Presin is the resin pressure. This phenomenon is shown in 

figure 2.  

 

Figure 2. Variation in compaction pressure experienced by fiber layup due to resin pressure 

As the resin pressure increases, the corresponding compaction pressure decreases in the 

fiber layup as per the equation (3). This effect causes the reduction in the fiber volume 

fraction. Robitaille et al. [8] has been described an empirical power law equation (4) for 

the relation between fiber volume fraction 𝑣𝑓 of laminate composite with initial fiber 

volume fraction 𝑣𝑓0 and compaction pressure Pcomp at 1 Pa. Here B is the compacting 

stiffness index (B< 1). 2.3 Permeability Model Another key 

characteristic to VARTM process modeling is the selection of the right permeability model. 

As with the effect of compaction pressure on fiber layup, the spacing between individual 

fibers decreases and flow passages are confined. As the resin is passed forcibly through 

smaller and smaller spaces, the pressure drops in the resin increase leading to a decrease in 

permeability. Due to local compaction pressure, deformation of fiber alignment can take 

place, which results into fiber permeability also varies with the fiber volume fraction 

[1,5,6]. The most common and simple form of permeability relation is the Kozeny-Carman 

http://www.ijesat.com/


International Journal of Engineering Science and Advanced Technology (IJESAT)                          
Vol 21 Issue 9, SEP, 2021 

ISSN No: 2250-3676   www.ijesat.com Page | 9  
 

model equation (5) given by [9]:  

Where the Kozeny constant k is determined experimentally and depends on the fiber 

geometry. By combining equations (4) and (5), it is possible to acquire permeability as a 

function of compaction pressure.2.4 Resin Model As the VARTM process in the 

advancement mode, the resin starts to cure and changes in the viscosity. Therefore, the 

major challenge is the resin gelation before the completion of the infiltration process 

mainly for large parts. Hence, the resin model is become essential to forecast the resin cure 

time and viscosity variation of the resin. A typical expression for the resin cure kinetics 

model is given in following equation (6) [10] Where, dα/dt is well-

defined as the cure rate, α is the degree of cure, T is the resin temperature, f(T,α) is a 

function that depends on the reaction type, and n is the reaction order. The resin cure rate is 

a function of resin temperature and degree of cure. Differential scanning calorimetry and 

differential thermal analyzer are two common method to develop the kinetic model. If the 

resin viscosity is available in terms of position and time, then resin infiltration process can 

be accurately predicted. Resin viscosity is a complicated function of shear rate, degree of 

cure and resin temperature. The viscosity model normally used was developed by Castro et. 

al. [11] Where, µ is the viscosity, µ0 the viscosity at 

zero shear rate, T the temperature, αg the degree of cure at gel, α the degree of cure, and A 

and B are parameters which depend on the resin temperature [6]. 

 

3. LITERATURE REVIEW BASED ON VARTM FLOW MODELING AND 

SIMULATION  
The aim of the literature review is to address the research trends within the fields of 

mathematical flow modeling and simulation of the VARTM process. In this regards, 

various research articles have been found in relation to mathematical flow modeling and its 

implementation in the numerical simulation method for the VARTM process. Following 

table 1 represented the contribution of different researchers in the field of determining the 

unknown parameters for VARTM process and its possible flow simulation methods. 
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Furthermore, table 2 highlights the direct information on VARTM modeling and 

simulation such as type of injection strategy, flow modeling method, use of simulation 

software and its final application by various researchers. 
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4. CONCLUSION AND FUTURE SCOPE 

An effort has been made to review numerous research articles for VARTM flow model 

development and its implementation in numerical simulation method. This study enables to 

determine important process parameters such as the location, number and type of injection 

gates, permeability of fiber layup, and the permeability and location of the high permeable 

media for accurate simulation of VARTM. The prime objective of this study was to review 

and understand effect of flow model, flow modeling techniques and type of simulation tool, 

helps to manufacture large parts. It was found that many researchers have developed the 

VARTM flow model which mainly considered the resin flow through the fiber layup and 

high permeable medium and compaction over the fibrous material. It was also noted that 

there has been significant amount of research carried out in the advancement of flow model 

development which are likely to be noted such as effect of number of high permeable 

medium and its placement, non-iso thermal flow, post filling flow behavior, bleeding of 

excess resin for achieving high fiber volume fraction, permeability of fiber tows, and resin 

absorbing nature of fibrous material. Few research articles have been found with the 

integration of optimization method with simulation tools. It was observed that among the 

different flow modeling techniques, FE/CV and VOF are most preferable methods. 

Dynamic permeability characterization of different fiber material and high permeable 

medium is 

highlighted as the important issue in the simulation of VARTM. It has been also noted that 

computation time for simulation of large part is become crucial condition. Although, there 
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has been few researches indicated for reduction in the computation time through changes 

in the flow model. There is a lot scope for the enhancement of flow modeling technique 

which further reduce the computation time. However, even though simulation technique 

has recognized as an efficient and effective tool in literature, researchers often make 

assumptions for simplification, which may not be the case in actual situations. Furthermore, 

the parameters that involve in simulations depend on material structure, environment and 

other factors, which usually posses certain statistical properties. These variations obstruct 

the application of the flow simulation. 
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