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Abstract— Since the technology of conventional boiler is 

developed in the year 1867, efficient/complete usage of steam 

produced in boilers is a great task & usage of steam 

containing low temperature & pressure is a major problem. 

Though the quantity of steam is low at the moment, in a long 

run Billions of dollars are wasted & being wasted since past 

150years, more over fossil fuels are not properly addressed 

for effective utilization of energy. Renewable energy 

utilization, saving heat/thermal energy wasting available 

fossil fuels & other combustible fuels is a major problem. 

Even though waste heat recovery is implemented, steam 

containing low grade temperature, pressure is not being 

utilized properly. The drive to save energy and reduce 

emissions and industrial need to cut costs and improve energy 

efficiency, screw expander are invented to effectively deal 

with the technological issue of utilizing low grade waste 

energy recovery which has not been satisfactorily addressed 

by traditional methods. These are robust & can process wet 

steam, converting mechanical energy into clean electrical 

energy. 
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I. INTRODUCTION 

Screw expander is a positive displacement type machine. It 

comprises of a meshing pair of helical lobed rotors contained 

in a casing which together form a working chamber, the 

volume of which depends only on the angle of rotation. Other 

than a pair of screw rotor and the cylinder the structure 

consists of bearings, synchronous gears, seal assembly, etc.  

The technology is well established (Screw 

Compressors), now developed for expansion. This is more 

robust than turbines, having fewer parts, can operate in lower 

speeds & not sensitive to steam quality. Rotors can withstand 

wet steam or water. Accepts fluctuating mass flow rates and 

pressures. Low maintenance costs compared with existing 

technologies. Fully automated operation process. The screw 

expander works by gas inflation and inner energy 

consumption. It has the inverse principle of the screw 

compressor, which has the similar basic structure and 

reversed working process. But its manufacturing process and 

control system is much more complex than the screw 

compressor. Screw expanders work where turbines can’t 

because screw expanders can also process wet steam. 

However, the maximisation of waste heat recovered should 

be equated with the maximisation or power output. 

II. CONSTRUCTION 

Screw expander consists of helical lobed Screw expander, is 

a tailor made equipment manufactured based on the 

requirement & availability of heat. 

 
Fig. 1: Screw Expander 

Screw expander is composed with male and female 

rotors, synchronism gear, carbon ring Seal, radial and thrust 

bearings besides shell. The balance plate arrange in the male 

rotor synchronism gear side. The design and manufacture of 

the screw expander is executed according to the latest API－
619 standards. Under the specified operation condition, the 

entrance capacity has no minus warp. The expander shaft seal 

is the combination of the carbon ring Seal. The radial and 

thrust bearings are both slide bearing. The expander is up-

inlet and up-outlet style, thus it is convenient to be assembled 

and inspected. The base of the expander shell is set up a drain 

and it is connected to the flange of the base frame with blow 

down valve. There are 3 measure speed detectors (rotate 

speed sensor) used in expander. The coupler between 

expander and generator has hand movement twirl device 

Synchronism gear can fasten rotor gap, slope gear and 

thickness structure can guarantee the rotor will not touched 

with the shell in any condition. The radial and thrust bearings 

are both slide bearing, and the service life must reach 25000 

hours. ISOVG46 turbine lubricating oil is used to lubricate 

radial and thrust bearings and synchronism gear. Every 

Bearing radial and thrust bearings fit out two thermal 

resistance Pt100. Shaft seal units are set between the rotor end 

and the bearings. Both ends of the rotors are sealed by the 

carbon ring Seal. The service life must reach 3 years. Seal oil 

is injected into the two-end face of the mechanical seal as the 

buffer gas as well as to lubricate and cool the mechanical seal. 

 
Fig. 2: Screw Expander 

Screw expander is equipped with special speed 

sensor and a variety of thermal sensors, and the control 

system, based on speed signal and inlet and exhaust 
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parameters of the unit and other signals as well as the control 

of computing functions through PLC, determines the logical 

relationship between the speed of screw expander and 

regulating valve, to achieve the purpose of unit speed control. 

Control system, through the collection of active 

power signal of generator and such signals as inlet and 

exhaust parameters of unit and speed, as well as based on the 

operation of PLC with generating power control, determines 

the logical control relationship between the screw expander 

output power and regulating device, to enable the screw 

expander output power to meet the user’s requirements of 

heat source and output. 

III. FUNCTIONING / OPERATING 

Screw expanders are positive displacement machines without 

clearance volume, the working chambers are formed by the 

tooth gaps of two helically toothed gears, the rotors. The 

volume of a working chamber depends on the rotation angle.  

The tooth of the female rotor on the high-pressure 

side (HP-side) unscrews from the tooth space of the male 

rotor, a working chamber arises. With progressing rotation of 

the rotor, the volume of this working chamber increases up to 

a maximum before it is reduced again by a repeated tooth 

engagement or by the low-pressure side at the front edge, and 

the working chamber finally disappears. The rotors are tightly 

enclosed by a casing which provides the working chambers 

with external sealing and sealing towards the front edge. The 

casing houses the inlet and outlet ports, the limitations of 

which are control edges. The outlet port in the front edge 

casing of the low-pressure side enables the working fluid to 

be discharged usually from the maximum chamber volume 

up to the disappearance of the working chamber. 

A. Suction Process 

The inlet high-pressure medium promotes rotor rotation, then 

the tooth-spacing volume increases until it is completely 

separated from the inlet, suction process finishes.  

 
Fig. 3: Suction Process 

B. Expansion Process 

As the tooth spacing volume increases, the high pressure 

medium expands and its temperature reduces, meanwhile, 

output power to the rotor shaft. 

 
Fig. 4: Expansion Process 

C. Exhaust Process 

When the tooth-spacing volume is connected with the outlet, 

the exhaust begins, the work cycle finishes when the tooth-

spacing volume reduced to zero.  

 
Fig. 5: Exhaust Process 

The volumetric efficiency of a screw expander is 

influenced by two opposing effects. On the one hand, inlet 

throttling occurs during the chamber filling, since it is only 

for a short time that the surface of the inlet port is completely 

available for the filling of the chamber. In particular, the 

decreasing inlet surface in connection with the increasing 

chamber volume, immediately before the inlet control edge 

for the closure of the chamber is reached, results in a chamber 

pressure below the inlet pressure at the point of the theoretical 

start of expansion. This effect reduces the volumetric 

efficiency.  On the other hand, due to the design related gaps 

of the screw expander, the gap mass flows cause an increase 

in volumetric efficiency. In this regard, the profile gap, which 

partly provide a direct connection of the working chambers 

towards the outlet side, and the blow hole, the dimensions of 

which are independent of the rotation angle, dominate the 

front clearance at the high-pressure side as well as the casing 

clearance during the chamber filling and at the beginning of 

the expansion. Depending on the weighting of these two 

effects, the volumetric efficiency of a screw expander can be 

greater than, equal to or less than one so that the informative 

value of the volumetric efficiency with regard to an 

evaluation of the expansion machine is limited. In the event 

of an external pressure ratio adapted to the inner volume ratio 

the volumetric efficiency describes the utilization of the 

working chamber volume – and thus indirectly also that of the 

design volume – with regard to the system mass flow. In this 

situation, the compression work ratio analogously describes 

the energetic utilization of the given working chamber 

volume. If in addition, the delivered mass flow corresponds 

to the theoretical mass flow the compression work ratio also 

describes the energetic utilization of the isentropic power - 

provided by the system mass flow. It is only in this special 

case that the compression work ratios identical to the inner 

isentropic efficiency.  

 
Fig. 6: Inner isentropic 

The inner isentropic efficiency is suitable for the 

evaluation of the energy conversion of the screw expander. It 

quantifies the proportion of the isentropic power the system 

mass flow provides to the expander, which is transferred to 

the rotors in a mechanically useful way. Accordingly, the 

inner isentropic efficiency describes the energetic losses, for 

example, through the inflow and discharge of the working 

fluid, the gap flows and the heat flows. In this connection, it 
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is initially confusing that the inner isentropic efficiency of a 

geometrically defined screw expander can be increased 

through a decline in chamber filling – thus through the 

decrease of the volumetric efficiency. The physical reason for 

this is the reduction of the isentropic power provided due to 

the reduced system mass flow, which in this case outweighs 

the reduction of the mechanically useful internal power, 

which is transferred to the rotors. 

Consequently, the internal power of the expander 

decreases with an increasing inner isentropic efficiency of the 

energy conversion. Therefore, it is not the energetic 

efficiency of the expansion machine, but the output power in 

general that needs to be maximized to achieve an energy-

efficient design of a screw expander for a cyclic process to be 

able to use the waste heat flow of defined thermal power. 

Screw Expanders are designed to run for whole year with 

periodic maintenance. 

 
Fig. 7: Screw Expanders are designed 

IV. DESIGN 

The design of a screw expander for the utilization of waste 

heat with predefined thermal output and temperature consists 

of two phases. In phase I, the machine geometry along with 

the system conditions are optimized according to the defined 

objectives. The selection of geometry is followed by phase II, 

by the calculation of the characteristic maps and by detailed 

engineering. 

 
Fig. 8: Design 

Calculation of the system mass flow from the 

thermodynamic simulation of the vapour generator 

(preheater, Evaporator, super heater) for a selected 

combination of inlet pressure and temperature at the screw 

expander. For this machine, the flow- and thermodynamic 

simulation for a selected constant circumferential speed 

and/or constant rotational speed at the crown circle provides 

the absolute dimensions and the indicated power of the 

expander. For this purpose, the arbitrarily dimensioned 

machine is iteratively scaled in order to convey the predefined 

system mass flow. Except for the predetermined absolute gap 

heights, this scaling occurs in a geometrically similar way. 

Due to the variation of the system parameters i.e., inlet 

pressure and temperature, circumferential speed of the male 

rotor and the geometric parameters, this finally results in the 

curve of the indicated power via circumferential speed and/or 

rotational speed of the male rotor for a large number of screw 

expanders with different geometries. 

 

 
Fig. 9: Results 

Considering the mechanical power loss, the 

combination of system parameters and machine geometry 

results which lets expect a maximum effective power output. 

Here, the effects of a liquid phase within the expander, for 

example due to the selection of the gap heights, must be taken 

into account when calculating the mechanical losses.  

An increased inlet pressure in connection with an 

increased internal volume ratio (here vi = 8) turns out to be 

an advantage. Due to the large internal volume ratio, the inlet 

area of the screw expander is small In order to nevertheless 

realize a sufficient chamber filling, a supercritical influx is 

advantageous. Then however the maximum chamber 

pressure is considerably below the applied inlet pressure. The 

compression work ratio as well as the volumetric efficiency 

is correspondingly low. At the same time, the dimensions of 

the machine are increasing in relation to the inlet pressure so 

that the internal power reaches its maximum. With regard to 

other geometrical parameters it is to be noticed that a 

relatively small wrap angle of ϕ = 200° (For Example) is 

advantageous and the combination of teeth numbers at male 

and female rotor as well as the L/D-ratio play a rather minor 

role concerning the maximum possible internal power. The 

effective output power of this screw expander calculated in 

design phase Here, a reduced system mass flow at fixed speed 

can only be realized via reduced inlet pressure. Accordingly, 

the output power falls linearly with the mass flow. Due to the 

fixed internal volume ratios, overexpansion inside the screw 

expander occurs with decreasing inlet pressure. Apart from 

friction losses, the compression work required to compensate 

overexpansion offsets the effective area in the indicator 

diagram in case of diminishing output power. Overall, this 

results in an optimum combination of inlet pressure and speed 
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for each system mass flow with regard to the effective output 

power for the machine with fixed geometry. 

V. INDUSTRIAL APPLICATION / INSTILLATION 

Screw Expanders can be used in process industries where 

most of the thermal energy is untapped & left out into 

atmosphere using PRV/PRDS. This can be installed in 

process industries bypassing the PRV. The following image 

shows the general arrangement of boiler & processing system 

in any process industry.   

 
Fig. 10: Instillation 

The thermal energy left out into atmosphere through 

PRV/PRDS is bypassed & then passed into screw expander. 

This steam rotates the screw expander, produces power, 

exhaust steam of screw expander is passed to process plant 

for its consumption. The following image shows typical the 

arrangement of a Screw Expander by Bypassing PRV in a 

process plant. 

 
Fig. 11: Instillation 

Generally two types of Screw Expanders are 

adopted in industries. 

 Condensing Type 

 Back Pressure Type 

A. Condensing Type 

In this application, Inlet steam is taken from the boiler or any 

heat source like heat exchangers. Power will be generated and 

the exhaust steam/water of the Screw Expander is cooled by 

using water cooled condenser or Air Cooled Condenser & 

then connected to the makeup water line. This model can be 

installed in Co-gen Power Plants, Geothermal, WHR Power 

plants. 

B. Backpressure Type 

In this application, steam is taken from heat source to the inlet 

of Screw Expander. Power will be generated & the exhaust 

steam/water of the Screw Expander can be the fed water for 

the process plant. For example, a typical boiler of 6TPH, 

10.5Bar in a pharmaceutical plant or any other process plant 

can generate a gross power of 200KW with 6TPH, 2.7 Bar 

Exhaust steam, which can be utilised for the process. This 

model can be installed in Pharmaceutical, Food, Rice Mills, 

Ceramic, Rubber & all process Industries.  

 
Fig. 12: Condensing Type 

World’s biggest instillation of 3300Kw so far 

installed using this innovative technology is for a waste Heat 

Recovery power plant. A 2500kW WHR Power plant is 

implemented by M/s. Green Secure Power Systems Pvt. Ltd, 

a Hyderabad, Indian Based Company in the year 2016 in a 

1600TPD Cement plant in India using Two Stage Screw 

Expander for captive power generation & utilisation. The 

P&ID is as fallows.  

 
Fig. 13: Instillation 

The screw is one of the very few equipment’s, which 

has the capability of generating power from low thermal 

energy steam. The operation is as simple as operating a 

simple diesel generator. It can be installed in stages where 

there is a huge potential & availability of heat source like 

huge steel complexes & petro chemical plants, where most of 

the heat is untapped. 

 
Fig. 14: Screw expanders 

The Screw expanders are also can be skid mounted 

& containerised, all the auxiliaries like lubrication system, 

Water sealing system, Heat exchangers, PLC for operation 

are installed in the container. The container is acoustic proof 

container. 
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Fig. 15: Screw expanders 

VI. CONCLUSION 

In order to increase energy efficiency of recovery of waste 

heat, Screw Expander turned out to be a very valuable 

solution, which can utilise low thermal energy, designing this 

machine type however some special features must be 

considered. A generally advantageous design for the machine 

is that with two rotors that roll off on each other and that are 

lubricated by the working steam, and if necessary, by an 

auxiliary steam along with the bearings. Moreover, it is not 

the Efficiency of the screw expander, but the output power in 

connection with variable system parameters and the geometry 

of the expander that should be optimized. For predefined 

system mass flows, this results in screw expanders which 

provide maximum output power with small compression 

work ratios and volumetric efficiencies. 
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