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Abstract 
The performance of a newly designed tri-lobe industrial lobe pump of high 
capacity is simulated by using commercial CFD solver Ansys Fluent. A com-
bination of user-defined-functions and meshing strategies is employed to 
capture the rotation of the lobes. The numerical model is validated by com-
paring the simulated results with the literature values. The processes of suc-
tion, displacement, compression and exhaust are accurately captured in the 
transient simulation. The fluid pressure value remains in the range of inlet 
pressure value till the processes of suction and displacement are over. The in-
stantaneous process of compression is accurately captured in the simulation. 
The movement of a particular working chamber is traced along the gradual 
degree of lobe’s rotation. At five different degrees of lobe’s rotation, pressure 
contour plots are reported which clearly shows the pressure values inside the 
working chamber. Each pressure value inside the working chamber conforms 
to the particular process in which the working chamber is operating. Finally, 
the power requirement at the shaft of rotation is estimated from the simu-
lated values. The estimated value of power requirement is 3.61 BHP + FHP 
whereas the same calculated theoretically is 3 BHP + FHP. The discrepancy is 
attributed to the assumption of symmetry of blower along the thickness.  
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1. Introduction 

Lobe pumps are positive displacement pumps used in many industries such as 
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oil and gas, mining and chemicals, to transport fluids. These are also used as 
blowers or vacuum pumps [1]. A typical lobe pump has two rotors rotating in 
opposite directions. The rotors are attached to two identically shaped lobes. De-
pending on the number of lobes attached to each rotor, the lobe pump is identi-
fied as bi-lobe, tri-lobe, or tetra-lobe lobe pump. With gradual rotation of lobes, 
certain amount of fluid gets trapped in between the lobes and subsequently gets 
carried from inlet to outlet section. The fluid is made to overcome the pressure 
prevailing at the outlet section and subsequently exit through it; therefore, com-
pression is inherent in this process. To avoid wear and tear of parts, a small 
clearance is maintained in between the rotors and also between the lobe’s tips 
and side walls. However, due to this clearance, some amount of fluid keeps 
flowing back from outlet section into the working chamber of pump due to the 
existing pressure gradient [2]. This flow of fluid is termed as leakage flow and 
the same must be minimized to maximise the efficiency of the machine [3].  

The profile and shape of the lobes in a particular lobe pump determine the ef-
ficiency of the same. Many researchers have worked on examining the exact im-
pact of profile shape on pump efficiency and tried to further optimise the same 
[4] [5] [6] [7]. Tong et al. [8] defined a new parameter named pumping ratio 
which is a function of rotor geometry. They stated that the flow rate through 
pumps could be enhanced further using the pumping ratio. Tong et al. [9], in 
their synthesis procedure, used a specific flow rate expression which is a func-
tion of lobe pitch and non-circularity to generate the optimum profile of rotor. 
Based on the pitch and deviation function of lobes, Yang et al. [10] derived a 
specific flow rate formula which is applicable for both circular and non-circular 
pitch curves. Yao et al. [11] presented a mathematical model and proposed a 
unique helical tooth profiled lobe pump. They argue that this specific design of 
tooth profile of lobes provides enhanced fluid flow rate and reduced peak pres-
sure of pump. Even though many researchers have proposed improved design of 
lobes and rotor for lobe pump, it’s the specific requirement of industry and few 
design constraints, which mostly determines the type and profile of lobes.  

Because of the recent advances in computational methods and the inherent 
cost-effectiveness of simulation over experimentation, many researchers and de-
signers are using computational fluid dynamics (CFD) simulation to validate 
their design of rotating machines. Moreover, other complex scenarios involving 
challenging physics such as transfer of proton in fuel cells and fluid-solid inte-
raction in pressure vessels, are also simulated using CFD tools [12] [13]. Tradi-
tionally, simulation of rotating machines is performed with help of moving ro-
tating frames (MRF) set up. Capurso et al. [14] used CFD simulations and MRF 
philosophy to propose a new impeller for centrifugal pumps with enhanced effi-
ciency. Similarly, Valdes et al. [15] used MRF philosophy to study the perfor-
mance of electrical submersible pumps handling non-Newtonian fluids. Howev-
er, MRF is a steady state approximation of the rotating domains. The CFD solver 
typically creates a thin volumetric region of discretised cells (called mesh ele-
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ments) around the rotating body, whereas the actual rotating body remains stat-
ic throughout the simulation [16]. The MRF approach is suitable for rotating 
domains where the clearance between the rotating part and the stationary part is 
significant such as fans and turbines. However, in case of lobe pump the moving 
domain keeps changing its shape and size with gradual degree of lobes rotation. 
The clearance between the rotors and the surrounding wall varies from a frac-
tion of a millimetre to a few hundreds of millimetres within one rotation of 
lobes. The discretised domain must adopt to the changing shape and size of the 
moving domain dynamically to capture the process accurately.  

Though many researchers and designers have attempted to study the perfor-
mance of lobe pump numerically, the constantly varying size of the moving do-
main and the transient nature of the pulsatile leakage flow makes the process a 
very challenging one. Furthermore, the unavailability of suitable algorithms to 
generate grids for this kind of applications limits the scope of using numerical 
techniques in this field [17]. Many researchers have even tried to benchmark the 
process of capturing the domain deformation with respect to the rotation of 
lobes. Therefore, an accurate algorithm which can replicate the lobes rotation in 
terms of dynamically changing grids (or mesh) and subsequent transport of fluid 
in transient state is equally important, as is the design of a new lobe pump. Rane 
et al. [18] used an algebraic grid generation algorithm to simulate a screw com-
pressor with variable pitch between rotors. Kovacevic et al. [19] [20] used similar 
algebraic grid generation technique along with a boundary adoption method to 
simulate screw compressors. Kethidi et al. [21] performed CFD simulation to 
evaluate the effect of various turbulence models on velocity prediction inside 
screw compressors. Joshi et al. [22] studied the role of clearance on performance 
of lobe pump and proposed a static model for the same. Hseih et al. [23] [24] 
used a CFD model named PumpLinx to study the differences between a cylin-
drical and screw type roots pumps. However, in all the studies reported above, 
either the simulation considered the discretised flow domain (or mesh) as static 
or an in-house CFD code is used which is proprietary in nature. Additionally, 
the capacity of the pump in all the studies are either small or is not exclusively 
mentioned. 

Lobe pumps with high capacities are expected to have higher amount of lea-
kage flow. In lobe pump operation, leakage flow has a strong bearing on the 
pressure pulsations inside chamber [25]. Additionally, leakage flow also contri-
butes significantly to the unsteady flow field inside the chamber [26]. Lately, 
there has been a shift from bi-lobes to tri-lobes lobe pump because of the advan-
tages in terms of reduced pressure pulsations and vibrations. However, carrying 
out performance simulation of lobe pump with high capacity is an extremely 
challenging task and to the best of the author’s knowledge there has been no dy-
namic simulation of this capacity reported in literature earlier. In the present 
study, a unique combination of user-defined-functions (UDFs) and meshing 
strategies is employed to capture the rotation of the lobes of a newly designed 
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lobe pump and to dynamically adapt to the changing shape and size of the mov-
ing domain. The lobe pump under study is a tri-lobe industrial pump with ca-
pacity in the range of 18,000 - 20,000 Nm3/hr. In this study, commercially avail-
able CFD solver Ansys Fluent 18.1 has been used to simulate the lobe pump and 
to evaluate its performance. The pressure fluctuation inside the pump is pre-
dicted using the numerical model and the trends are validated with literature 
values. The power requirement at shaft, which is very crucial for a designer, is 
predicted by the present model. Elaborate discussion on the methodology is 
provided in section 2.0. The schematic of the lobe pump is depicted in Figure 1. 
The inlet and outlet section are extended significantly to eliminate the entry and 
exit effects in simulation.  

2. Methodology 

To accommodate the deforming boundary of the moving domain, Ansys Fluent 
provides options such as mesh smoothing and re-meshing. When the boundary 
displacement is still comparable to the local cell sizes (initial stage of rotation), 
the option of smoothing is invoked [16]. In the present simulation the spring 
based smoothing option is used which basically retains the total number of 
nodes while adjusting the mesh elements during rotation. When the boundary 
displacement becomes significantly large, the re-meshing function is invoked. 
The 2.5D re-meshing option is used in the present simulation which stipulates 
the surface mesh on top and bottom surfaces to be strictly triangular. Therefore,  
 

 
Figure 1. Schematic of lobe pump with extended inlet and outlet portions. “A” is the ex-
tended length at inlet and “B” at outlet.  
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only pyramidal mesh elements are generated in the moving domain. Consider-
ing the symmetry of the model along its thickness, only a thin strip of the model 
with 30 mm thickness is discretized for simulation. The variable clearance be-
tween the rotor and the surrounding wall makes the re-meshing process a chal-
lenging one. It is recommended to have uniform distribution of meshes along 
the periphery of the surrounding wall. 

After generating a fixed set of mesh elements, the next task is to affect the 
mesh motion in CFD solver. In the present simulation, the motion of the lobes is 
guided by a set of two UDFs. These UDFs are developed on a programming 
language platform which passes on critical information such as the name of the 
rotating surface, the speed and direction of rotation to the solver. In transient 
simulations, the size of time step is critical to the accuracy of solution. In this 
simulation the time step size is carefully chosen by considering the smallest 
length scale (mesh element) and the anticipated velocity in the domain, which 
ensures that there is no compromise on accuracy at the same time there is no 
unnecessary delay in obtaining solution. The top and bottom surface of the 
pump are assigned as symmetric boundary conditions as those are the bounda-
ries of chopped domain. In dynamic simulation setting, these surfaces are 
marked as deforming bodies, one with re-meshing option and the other without 
it. The transient simulation is performed as per the design conditions of the 
pump.  

Variation of pressure and velocity values inside the blower, with respect to the 
rotation of lobes is predicted in the simulation. The predicted trend of pressure 
variation is compared with the same of Sun et al. [1] for validation of the nu-
merical model. After successful validation, performance of the pump is predicted 
in terms of pressure contour and velocity vector plots. Finally, the power re-
quirement at the shaft is estimated by using the predicted values. The simulation 
is a part of the overall design validation of the lobe pump for a specific industrial 
requirement. 

3. Numerical Details 

3.1. Computational Domain 

The flow model for the pump is depicted in Figure 2. Figure 2(a) shows the ac-
tual flow model which has a thickness of more than 1 meter, Figure 2(b) shows 
the chopped domain of 30 mm thickness. The meshed flow domain is depicted 
in Figure 3(a). Hexahedral mesh elements are generated on the inlet and outlet 
pipes and pyramidal mesh elements are generated on the moving domain. To 
extract CFD data and to compare the same with literature, five distinct points 
are created in the moving domain and the same is depicted in Figure 3(b). Ow-
ing to the symmetric nature of the blower about the axis of rotation, only one 
rotor side of the blower is considered for data extraction and comparison. To 
eliminate entry effect and to avoid numerical instability, the inlet and outlet 
pipes are extended by a length of 1000 mm 1500 mm respectively.  
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Figure 2. Flow model of lobe pump. (a) The whole model; (b) 
Chopped model with 30 mm strip.  

 

 
Figure 3. (a) Meshed flow domain of lobe pump and (b) Pressure prediction points 
created in simulation: Point 1 to point 5. 

3.2. Solver Details 

The present CFD solver is a finite-volume based commercial CFD solver. The 
governing equations are the conservation of mass, conservation of momentum 
(Navier-Stoke equations) and conservation of energy, as produced below. 
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where,  

mS  is the mass added to the continuous phase from discrete phase,  
p  is static pressure, 
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τ  is the stress tensor,  
F


 is external body force,  
E  is the total energy,  

effk  is the effective thermal conductivity,  

jJ


 is the diffusion flux of species j and  

hS  is the heat of chemical reaction.  
A predictor-corrector algorithm namely SIMPLE, is used for pressure veloc-

ity coupling. For discretizing the pressure and diffusion terms, s second-order 
central differencing scheme is used and for the convective terms, a second-order 
upwind scheme is used. The standard k-ε turbulence model with standard wall 
functions has been chosen as the turbulence model for simulation. Air as ideal gas 
is considered as the working fluid. The convergence criteria for iterative calcula-
tions used in the CFD simulations are as follows. The minimum root-mean-square 
value of the residual for solving x, y, z velocity components and the turbulent equ-
ations is 1e−04.  

3.3. Boundary Conditions 

The boundary conditions for simulation are prescribed as per the design para-
meters of the concerned lobe pump. The inlet is prescribed with a total pressure 
value of 93,000 Pa whereas the outlet is prescribed with a static pressure value of 
190,000 Pa. The temperature of incoming air is maintained at 40˚C. Both rotors 
are assigned a rotational speed of 740 RPM, one opposing the other. Turbulent 
intensity (the ratio of root-mean-square of the velocity fluctuations to the mean 
flow velocity) and hydraulic diameter are used to specify the turbulence para-
meters at the inlet and outlet of the domain. Ansys [16] recommends to use the 
following formula to have a gross estimation of the turbulent intensity for flow 
inside ducts,  

( )
1

80.16 Re
HD

avg

UI
U

−′
= = , 

where I is the turbulence intensity, U ′  is the root-mean-square of the velocity 
fluctuations, avgU  is the mean flow velocity and Re

HD  is the Reynolds num-
ber of the flow based on hydraulic diameter. For a flow with a Reynolds number 
value of 50,000, the turbulent intensity value is close to 4% [16]. Therefore, for 
the present simulation the turbulent intensity is assigned as 5%. 

4. Results and Discussion 

4.1. Validation of Numerical Model 

The numerical model used in the analysis of the lobe pump must be validated 
with either experimental values or literature. Since the concerned lobe pump is 
an industrial pump with higher capacity, experimental data of its performance is 
not openly available. In this regard, the pressure values reported by Sun et al. [1] 
for a smaller sized lobe pump are used as the basis for validation in the present 
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simulation. The pressure built-up by the pump in one complete rotation as pre-
dicted in present numerical simulation is compared with the same reported by 
Sun et al. [1] in Figure 4. As discussed by Sun et al. [1], the suction and dis-
placement processes give rise to minimal pressure fluctuations as the fluid pock-
et is still in contact with the inlet chamber. The pressure fluctuation trend in this 
phase predicted by present simulation is in line with the same reported by Sun et 
al. [1]. Compression in lobe pump is an instantaneous process and the maxi-
mum pressure rise happens during this process. As depicted in Figure 4, the 
sudden rise in pressure due to compression of fluid is precisely captured in si-
mulation. The trends of pressure rise in present simulation and literature are 
similar. The exhaust process witnesses significant pressure fluctuation because of 
the leakage of fluid back from outlet section. The same is manifested in Figure.4, 
both in case of literature and present simulation. 

Sun et al. [1] measured the instantaneous pressure fluctuation at five distinct 
points inside the fluid chamber by placing pressure sensors at those points. All 
five points lie on one rotor side, considering the symmetrical nature of the 
blower. Similarly, in the present situation five numbers of points are created to 
extract CFD data and to compare with literature. The points created are demon-
strated in Figure 3(b). The predicted variation of instantaneous pressure at these 
points is compared with the same from literature in Figures 5-8.  

Point 1 and point 2 are situated near the inlet section and they witness the 
process of suction and displacement. As demonstrated earlier in Figure 4, these 
two processes experience minimal pressure fluctuations. In Figure 5 and Figure 
6, both in case of literature and simulation, the pressure at these two points 
fluctuates about the value of inlet pressure with small amplitudes. Due to the 
proximity of point 3 to the compression region, the pressure sensor placed near 
point 3 starts receiving occasional spikes in pressure value. The same is depicted 
in Figure 7(a). In the present simulation also, the occasional spikes in pressure  
 

 
Figure 4. Pressure variation with respect to degree of lobes’ rotation (a) literature (b) simulation. 
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Figure 5. Pressure variation at point-1 (a) literature (b) simulation. 

 

 
Figure 6. Pressure variation at point-2 (a) literature (b) simulation. 

 

 
Figure 7. Pressure variation at point-3 (a) literature (b) simulation. 
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Figure 8. Pressure variation at point-4. (a) literature (b) simulation. 

 

value can be noticed in Figure 7(b). Point 4 falls under the region of compres-
sion, accordingly there is maximum pressure rise recorded by the sensor placed 
at point 4. The same is depicted in Figure.8, for both literature and present si-
mulation. The sensor deployed near point 5 witnesses pressure fluctuation due 
to the leakage flow from outlet section. The pressure fluctuates about the outlet 
pressure value. In simulation also, the pressure extracted at point 5 fluctuates 
about the outlet pressure. However, in the literature case the oscillation in pres-
sure value is more compared to the same in simulation case. The end portions of 
both the curves in Figure 4(a) and Figure 4(b) demonstrates this discrepancy. 
Sun et al. [1] concluded that the arrangement of outlet pipes is crucial is decid-
ing the pressure fluctuation trend inside the chamber of lobe pump. They ob-
served that the case with narrower outlet pipe matches more closely with expe-
rimental results. In the present simulation case, the inlet and outlet pipes are just 
continuation of the casing of lobe pump. The relatively fewer oscillations near 
point 5 in simulation case as observed in Figure 4(b), could be attributed to this 
wider outlet pipe in comparison to literature case. It may be noted that at all the 
five points, the trends of pressure variation in case of literature and present si-
mulation are same. The time cycle of pressure fluctuation also is similar in both 
the cases. This is a characteristic of the rotation of lobes inside the lobe pump; 
the same is captured accurately in present simulation and is validated with lite-
rature. Therefore, these plots along with the ones depicted in Figure 4, may be 
treated as the validation plots of the present simulation. 

4.2. Pressure and Velocity Fields inside Lobe Pump 

After successful validation of the numerical model, pressure and velocity fields 
inside the pump are predicted using CFD simulations. The variation of these 
parameters with respect to gradual degree of lobes rotation in a complete cycle is 
captured. Contour plots of pressure as predicted in the present simulation are 
reported in Figure 9. The pocket of air entrapped inside the working chamber 
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(denoted as WC in the plots) is traced along the degree of rotation. The pressure 
changes inside the WC are reported at five discrete degrees of rotations. As dis-
cussed in section 4.1, each value of degree of rotation reported here corresponds 
to a specific process out of the four processes discussed i.e. suction, displace-
ment, compression and exhaust and the same can be correlated with Figure 4. 
Figure 9 shows the pressure contour plots of air at a middle plane at the five 
different degrees of rotation. At 140˚ of rotation, the WC is still very close to the 
inlet section for which the pressure experienced by air inside WC is identical to 
the inlet pressure of 93 kPa. As discussed in section 4.1, the pressure variation 
during suction and displacement process is not significant. Therefore, the pres-
sure experienced by the WC at 173˚ of rotation is also identical to the same at 
140˚, the first one corresponding to suction and the later corresponding to dis-
placement processes. As depicted in Figure 4, compression in the present simu-
lation starts only at around 240˚ of rotation. Therefore, at 218˚ of rotation also, 
the pressure inside the WC is still in the range of inlet pressure. At 230˚ of rota-
tion, the effects of compression are just starting to show off and the pressure in-
side the WC is in the range of 110 - 115 kPa, which is marginally higher than the 
inlet pressure. At 252˚ of rotation, compression has already been in process and 
the same is manifested in Figure 9. The pressure in the WC is in the range of 
185 kPa which indicates the process of compression is already in place. 
 

 
Figure 9. Pressure contour plots at different stages of lobe rotation. WC: Working Chamber. 

https://doi.org/10.4236/aces.2024.142004


D. K. Kanungo et al. 
 

 

DOI: 10.4236/aces.2024.142004 68 Advances in Chemical Engineering and Science 
 

Figure 10 depicts the velocity vector plots extracted on the same middle 
plane. The plots are extracted exactly at the same degrees of rotation as in case of 
Figure 9 for pressure contour plots. Therefore, the movement of WC is also 
same in all the plots from Figure 9 to Figure 10. From all the plots in Figure 10, 
it can be observed that the particular WC which is already approaching the out-
let section, keeps receiving the leakage fluid which flows back into it. The same is 
depicted in terms of strong re-circulation and reverse velocity vectors in all the 
plots near outlet section. From the plots depicted in Figure 9, it is established 
that the pressure built-up in the lobe pump is both in line with literature values 
and also as per the design standards. From Figure 10, it is established that the 
leakage flow is consistently present during lobes rotation and the velocity values 
are in line with design standards. Therefore, the lobe pump is satisfactory from a 
designer’s perspective. 

4.3. Calculation of Power Requirement at Shaft 

The power requirement at shaft for lobe pump, as given by [27] is calculated by 
the following formula 

0.00436 ERVP V N P FHP= × × ×∆ +  

where, 
P is the power requirement at shaft in BHP; 
VREV is the displacement (m3) in one rotation; 
N is the speed of rotation in RPM; 
∆P is the pressure rise (Pa); 
FHP is the frictional horse power. 
 

 
Figure 10. Velocity vector plots at different stages of lobe rotation. 
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Table 1. Comparison of power requirement at shaft between theoretical and CFD pre-
dicted value. 

Parameters Theoretical Predicted 

N (RPM) 745 745 

VREV (m3) 0.44169 0.01257 

Pinlet (Pa) 93,400 93,187 

Poutlet (Pa) 187,000 187,000 

∆P (Pa) 93,600 93,813 

P (BHP) 2238 W + FHP = 3 BHP + FHP 
(1265/30) × 63.83 W + FHP =  

2691 W + FHP = 3.61 BHP + FHP 

 
To obtain VREV of CFD simulation, the average flow rate predicted for one 

cycle of rotation is used. Using the above formula, the required power at shaft is 
calculated. The comparison of power requirement between theoretical value and 
CFD predicted value is depicted in Table 1. Since the comparison is for the 
power required at shaft solely due to displacement of air, the frictional horse 
power is not calculated in both the cases. 

As depicted in Table 1, the theoretical power requirement at shaft is 3 BHP 
+ FHP, whereas the same predicted by CFD analysis is 3.61 kW + FHP. It is to 
be noted that CFD analysis is carried out for a thin strip which extends 15 mm 
in both directions from centre line. The power requirement for this thin strip 
is calculated as 63.83 W + FHP. To estimate the power requirement for the 
whole pump, a factor of 42.167, which when multiplied with model thickness 
gives rise to total thickness of pump, is multiplied with this power. This leads 
to the assumption that the blower is entirely symmetric in direction of its 
thickness. In reality, the inlet and outlet pipes do not extent till the extreme 
edges of the blower, rather those are significantly narrower. The marginally 
higher estimation of power requirement for whole pump in case of CFD simu-
lation can be attributed to this factor. It is to be noted that the predicted value 
of power requirement at shaft is reasonably accurate in industrial standard and 
this way of calculating power requirement may be relied by designers of lobe 
pump. 

5. Conclusions 

The performance of a newly designed tri-lobe industrial lobe pump of high ca-
pacity is simulated by using commercial CFD solver Ansys Fluent. A unique 
combination of UDFs and meshing strategies is employed to capture the rota-
tion of the lobes and to dynamically adapt to the changing shape and size of the 
moving domain. The numerical method is validated by comparing the simulated 
results with the results of Sun et al. [1]. The variation in pressure values for a 
complete rotation, as predicted by CFD simulation is mostly in line with litera-
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ture. The processes of suction, displacement, compression and exhaust are ac-
curately captured in the simulation and the pressure fluctuation during exhaust 
process is also compared with literature values. Five virtual points are created 
inside the flow domain which replicates the five pressure sensors used in litera-
ture. The pressure fluctuations at these points, as captured by simulation are 
similar to the ones reported in literature. Point 1 and Point 2 correspond to the 
process of suction and discharge, accordingly there is minimal pressure fluctua-
tion reported at these points. Due to the proximity of Point 3 to compression re-
gion, there are occasional spikes in pressure value reported at Point 3. Point 4 
falls under the compression region, accordingly the maximum pressure rise is 
reported at this point. All the reported pressure fluctuation trends are in line 
with the same reported in literature. 

Further, pressure and velocity values of air for different degrees of lobes rota-
tion are predicted and contour and vector plots are extracted. The movement of 
a specific WC is traced along the degree of rotation of lobes. At five discrete de-
grees of rotation, the pressure contour and velocity vector plots are reported. Up 
to 218˚ of rotation, the position of WC corresponds to the process of suction and 
displacement. Therefore, the pressure witnessed by WC at these degrees is in the 
range of inlet pressure of 93 kPa. At 230˚ of rotation, the WC is just about to en-
ter the compression zone. The effect of compression is starting to show off here 
and the pressure is in the range of 110 - 115 kPa. At 252˚ the compression is al-
ready in process and the WC witnesses pressure values around 185 kPa i.e. in the 
range outlet pressure. Each pressure value inside the WC conforms to the par-
ticular process in which the working chamber is operating. To examine the 
presence of leakage flow, velocity vector plots are extracted at the same five dis-
crete degrees of rotation. These plots show that the particular WC which is al-
ready approaching the outlet section, keeps receiving the leakage fluid which 
flows back into it. The same is depicted in terms of strong re-circulation and re-
verse velocity vectors in all the plots near outlet section. Finally, the power re-
quirement at the shaft of rotation is estimated from the simulated values. The es-
timated value of power requirement is 3.61 BHP + FHP whereas the same calcu-
lated theoretically is 3 BHP + FHP. The discrepancy is attributed to the assump-
tion of symmetry of pump along the thickness. Transient simulation using this 
unique strategy serves the purpose of validating the design of tri-lobe industrial 
lobe pump of high capacity, which is the need in pumps industry.  
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Nomenclature 

CFD  Computational Fluid Dynamics 
MDM  Moving Dynamic Mesh 
SIMPLE  Semi-Implicit Method for Pressure Linked Equations 
A   Extended length of inlet section 
B   Extended length of outlet section 
k   Turbulent kinetic energy 
ε   Turbulent dissipation rate 
UDF  User Defined Functions 
RPM  Rotations per Minute 
I   Turbulent intensity 
ReDH  Reynolds’s number of flow based on hydraulic diameter 
WC   Working Chamber 
P   Power requirement at shaft 
VREV  Displacement in one rotation 
Pinlet   Pressure at inlet 
Poutlet  Pressure at outlet 
N   Speed of rotation 
∆P   Pressure rise 
FHP  Frictional Head Loss 
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