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Abstract 

A mechanical seal is a critical part of variety of pumps used in chemical, petrochemical and process industry. 
Mechanical seal is a component that is plugged in between two fluids i.e. liquid and gas  so that no fluid 

leaks release through a shaft. Sealing performance and its durability are depending on the selection of the 
seal material and the installation of mechanical seal to the pump. A good performance of mechanical seal 
for a specific pump to achieve this purpose is necessary. The factors that affect the performance of a 

mechanical seal to leak are friction, wear and its thermal characteristics. These factors are related to the 
material and geometry or shape of the mechanical seal. This analysis was carried out to calculate balance 
ratio, closing and opening force, heat generated and rising temperature across the face seal in order to 

determine the quality of a mechanical seal as a baffle to prevent fluid leaks. Balance ratio was 70 % which is 
less than 100 %. It means that the seal is balanced. The closing force is greater than opening force or net 
closing force is positive then both surfaces will contact with each other. Heat generated by the seal influence 

the minimum seal flush flow rate or temperature rise across the seal. Temperature rise across the seal faces 
is about 1.12 K. It indicated that the seal performance was good as it was less than the maximum 
temperature rise i.e. 5.6 K.  
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1. Background 

Pump is one of the major component as well as supporting component on industry, transportation and 
household activities. As a means of moving fluid, pump has type and size which is vary according to needs, 
usefulness, capacity as well as its ability. A good mechanical seal is compulsory to maximize pump function. 

Mechanical seal is a component that is plugged in between two fluids (liquid and gas) so that no fluid leaks 
release through a shaft. The basic components of mechanical seals are the primary and mating rings as it is 
shown on Fig. 1. Both of them are perpendicular to the shaft and form dynamics sealing surfaces. Sealing 
performance and its durability are depending on the selection of the seal material and the installation of 
mechanical seal to the pump. Therefore design mechanical seal for a specific pump to achieve this purpose is 
necessary.  

 
 

Figure 1. Component in mechanical face seal [1] 
 
Mechanical seal type that available in the market is quite diverse either for use on lightweight applications or low 
duty applications and for special application or heavy duty applications. Mechanical seal worth USD 1 to USD 
100,000 can be produced by the mechanical seal manufacturer. Figure 2 shows the classification of mechanical 
seal. Technically a mechanical seal could not be operated on all types of application. Due to advances in  
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Figure 2. Classification of mechanical seals [2] 

technology there is even a mechanical seal design that is able to operate in a non-contact concept that reversed 
with the common paradigms of mechanical seal that must contact each other. This type of mechanical seal has a 
longer life than conventional mechanical seal, usually about 5- 6 years. 

The strength of mechanical seal is affected by the geometry or shape of the mechanical seal. Mechanical seal 
must be able to withstand the pressure of the fluid and the friction between seal face mechanical seal. The critical 
issue related to the strength of seal face is the endurances to friction and temperature changes. Temperature 
changes occur during operation of the pump. The temperature of the fluid affects the strength of the material of 
the mechanical seal. These two parameters determine the quality of a mechanical seal. 

Research on implanting a micro heat exchanger in the mating ring for improving the performance of 
mechanical seals from the viewpoint of reducing heat at the interface of mechanical seal had been done. Results 
showed that cooling of seal was more effective and that seal performance improved when compared to a 
conventional seal [1]. Others research are modification of surface structure either with laser textured in the form of  
micro pores [3] or thin film hard coating on the mating ring [4]. 

Mechanical seal performance calculation involve balance ratio, heat generated due to friction and temperature 
rise of the flush fluid have been extensively investigated [5]. Balance ratio is defined as the ratio of the net 
hydraulically loaded face area to the actual face area. If the balance ratio B is greater than 1.0, the seal is termed 
unbalanced. It means that the average pressure on the face is greater than the sealed pressure. If B is less than 
1.0, it is termed to be balanced. In a balanced seal, the average pressure on the face is less than the sealed 
pressure. While most seals that operate at high pressure are of the balanced type, many low-pressure seals 
operate at B greater than 1.0 because of convenience of design (5,6). 

This research discussed the mechanical seal design for sugar filtrate pump. The analysis was carried out to 
find out the balance ratio, face area, total load spring, spring pressure, closing force, opening force, mean face 
area, frictional torque, rational speed, seal face generated heat and flush temperature rise in order to determine 
the quality of a mechanical seal as a baffle to prevent fluid leaks. 

 

2. Research methods 
Specification of pumps for analysis the performance of  centrifugal pump mechanical seal is obtained from 

the companies that supply pump and mechanical seal to the sugar filtrate industry. Based on the parameter 
design that are inner diameter, outer diameter, the diameter of the stuffing box, balanced pressure, atmospheric 
pressure, shaft speed, and specific gravity of the fluid then balance ratio, face area, total load spring, spring 
pressure, closing force, opening force, mean face area, frictional torque, rational speed, seal face heat generated, 
and flush temperature rise would be calculated.  

Balance ratio of mechanical seal, B, (%) was calculated based on Equation 1 [5] 
 

          (1) 

 
Where Do is outer diameter (m), Di is inside diameter (m), Db is balance diameter (m) 
 
Face area of the mechanical seal, Af, (m2) was calculated using Equation 2 

         (2) 
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Total load spring of the mechanical seal, Fsp, (N) was calculated based on Equation 3 

           (3) 

Where n is number of spring. 
Spring Pressure of the mechanical seal, Psp, (Pa) can be calculated from Equation 4 

          (4) 

 
Total closing force of the mechanical seal, Ft, (N) was calculated using Equation 5. 

           (5) 

Where Fsp is spring force (N), ∆P is stuffing box pressure (Pa), Pa is atmospheric pressure 
 
Opening force of the mechanical seal, Fhs,, (N) is defined by the Equation 6. 

         (6) 

Where K is pressure distribution factor. 
 
Netto closing force of the mechanical seal, Ft,netto ,(N) is calculated by Equation 7 

         (7) 

            
If Ft > Fhs then the closing force is positive. It means seal surface will always contact with each other and there will 
be no separation of the surface.  
Mean face diameter the mechanical seal, Dm, (m) is determined using Equation 8. 

         (8) 

  
Frictional torque of the mechanical seal, Tf, (N.m) is determined using Equations 9. 

         (9) 

Where f is coefficient of friction for the material face combination 
Rational speed of the mechanical seal, ω, (rad/s) can be determined from the shaft rotation. 
 
Friction heat generated by the seal from the mechanical seal, Hs, (Watt) is determined by Equation 10. 

          (10) 

 
The increase in the temperature of the coolant/flush of the mechanical seal, ΔTflush, (K) can be calculated using 
Equation 11. 

         (11) 

Where Q is the flow rate of flush, (m
3
/s), SG is specific gravity of the coolant/flush, ρ is density of water and c is 

specific heat of flush, (J/kg.
o
K ). 

 
Pump specification and fluid parameter is displayed on Table 1. And technical drawing of the pump is shown in 
Fig. 2. Almost all parameter that are required for mechanical performance calculation refer to Fig. 2 and Table 1 
 
Table 1. Pump specification 

Given Parameter Liquid Parameter 

Customer PT. Angel Product Media Sugar Second Filtrate 

Equipment Pump Temperature 70 Degree Celsius 

Make Flowserve Pte Ltd. Specific Gravity 1,27 

Item No. 88 – P – 203 A/B/C Viscosity 5,20 cp 

Serial No. RS 198660 – 18 Suction Pressure 6,62 Kgf/cm
2
 

Model 2K6X4 – 10RV Discharge Pressure 7,34 Kgf/cm
2
 

Speed 2900 rpm Stuffing Box Pressure  6,62 Kgf/cm
2
 

 Vapor Pressure 0,2 

Seal Size 1,875” (inch) 

 
 
The results of the calculations and its interpretation is shown in table form. 

 
3. Result and Discussion 
 

There are 3 main parameters that should be considered in designing a suitable mechanical seal that are 
maximum pressure, material construction and working fluid. Based on API (American Petroleum Institute) 
Standard, the mechanical seal must be fitted the highest pressure in the system. The highest pressure in this 
system is the discharge pressure of the pump which is 7.34 kgf/cm

2
 (700 kPa) 

The material of mechanical seal can be selected from material charts NACE (National Association of 
Corrosion Engineers) or chemical dictionary or construction pump. From material charts NACE, S.S. 316 was 
selected as the best material for the medium operation, so the standard material is S.S. 316. Seal face is usually 
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softer than the mating ring face. Carbon carbide is the most common material used for seal face. For mating ring 
face, it could be tungsten carbide, silicon carbide, or ceramic. 

 
 

Figure 2. Dimensions of the pump 
 

If the fluid is more rugged, then both surfaces need a harder material. As the working fluid is sugar filtrate 
without the presence of particles then the seal face material was carbon and the mating ring face material was the 
SiC (Silicon Carbide). Coefficient of friction of this combination is shown on Table 2. The working fluid is sugar 
filtrate that is considered as hydrocarbon. Therefore type of spring mechanism to hold the annular surfaces 
together in the absence of fluid pressure is multi spring cartridge face. This type of multiple spring seals is shown 
in Figure 3 and Table 3. The number of spring that incorporated in this mechanical seal is eight springs. 

 
Table 2. Coefficient of Friction for Various Face Combination (7) 

Material 1 Material 2 Coefficient of friction Range 

Carbon Cast  iron 0,15 0,07 to 0,15 

 Alumina 0,18 0,07 to 0,40 

 Stellite 0,18 0,10 to 0,30 

 Tungsten Silicon 0,15 0,05 to 0,17 

 Silicon Carbide 0,10 0,02 to 0,12 

Tungsten Carbide Tungsten Carbide 0,30 0,10 to 0,40 

 Silicon Carbide 0,18 0,50 to 0,25 

Silicon Carbide Silicon Carbide 0,10 0,05 to 0,15 

 
Figure 2. Multi Spring 
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Table 3. Multi Spring Data (SUS 316 WPA, SUS 304 WPB & HASTELLOY)[8] 

OD Cs Coil FL OL X Load 

3 0,5 13 13 10 2 1,2 

4 0,6 13 18 12 2 1,5 

5,2 0,7 13 20 13 3 1,8 

5,2 0,8 15 24 16 3 2,6 

6,2 0,8 13 25 16 3 2,6 

6,3 0,8 13 22 14 3 2 

6,3 0,8 13 27 18 3 2 

7,6 1 13 23 17 4 1,8 

9,5 1,2 10 25 18 4 3 

12,5 1,5 10 31 24 6 3 

 
Performance of mechanical face seal of sugar filtrate pump had been calculated employing Eq. 1 to Eq. 11 

based on the data from pump specification, multi spring specification and properties of material combination. The 
interpretation of selection parameters and summary results of the calculations are presented in Table 4. 
 
Table 4 Calculation results and interpretations 

 No.  Seal Selection Parameters   
Value 

Description 

1.  Balance ratio 0,70 Seal 70 % balanced 

2. a) Closing Force 47,86 kgf 

(469 N)  

 

If the total closing force (Ft) is 
greater than opening force or net 
closing force is positive then both 
surfaces will keep in touch with 
each other. 

b) Opening Force  25,60 kgf 

(245 N)  

3.  Heat generated 

 

0.40 HP  

(0.29 KW)  

The result reveals the 
temperature rise and the flush 
flow rate. 

4. Temperature rise across   the 
seal faces 

1,12
o

K Maximum temperature rise for a 
good mechanical seal is 5.6 K [5]. 
Therefore this result showed that 
the seal has good performance.. 

 
Temperature rise across face seal was calculated based on the flush flow rate of 3 l/min. If the maximum 

temperature rise is limited to 5.6 K then minimum flush flow rate could be achieved. In this case the minimum 
flush flow rate is about 0.6 l/min or 20 % of the initial flush flow rate the same as temperature rise that 20 % of the 
maximum temperature rise limitation. 

Parameters that correspond to mechanical seal performance have strong interdependence among them. 
Therefore tedious calculations are needed in designing a mechanical seal especially when both the properties of 
the individual materials and the combination of the tribological pair have not been decided. However some ideal 
material based on experiences and experiment work have been suggested so that seal designers would not have 
to be anxious about balance ratio, face widths, heat generation, flushing, corrosion, etc. A mechanical seal design 
would be considerably simplified if the “perfect” seal face material could be found [9].  
 

4. Conclusions 
Mechanical seal performance calculation had been done. The result showed that the seal is balanced as it has 

70% balanced ratio. The seal has the closing force that is greater than the value of opening force then seal faces 
will always be connected to each other and there will be no separation of seal face so there are no leaks. The 
heat generated cause temperature rise 1.12 K that is about 20 % of maximum temperature rise for a good 
mechanical face seal. 

Design of mechanical seal against some types of pumps and different type of mechanical seal is necessary for 
further study in order to obtain a comparison results. More design parameters are should take into account to 
obtain a more thorough result. Research on material type of seal is of utmost importance. 
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