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Abstract 
The use of the high kinetic energy in the exhaust gas from the engine to power a micro-turbine coupled to the 
compressor of an automobile (conceptualized) is possible as revealed by the design, construction and test of this 
present investigation.  The thermodynamic analysis of the engine coupled to the air conditioner reveals a gain 
of  17 % in the effectiveness of compression ignition (CI) engine on the conceptual mode of powering the 
compressor at any given combustion temperature as against that of the conventional, where the engine directly 
power the compressor. For spark ignition (SI) engine the gain in effectiveness decreases with increasing 
combustion temperature attaining a value of 2% at combustion temperature of 1400K.  This technology brings 
to a strong exigency of new systems for automobile space cooling with the possibility to obtain a primary energy 
diversification resulting in fuel economy and better lifespan of the engine. 
__________________________________________________________________________________________ 
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INTRODUCTION 
The ability of air conditioning system in an 
automobile to cool the passengers’ compartment 
through direct coupling of the compressor to the 
engine (conventional) has been established but 
concerns remain for the heavy load requirement on 
the engine and the increase in fuel consumption. 
Despite the efforts made in recent times to improve 
on the performance of air-conditioning system in 
vehicles through latest technologies such as the seat 
ventilation system, the matrix infrared sensor system, 
the pollen removal mode, the oxygen generator, the 
ejector system, the internal heat exchanger system, 
the main engine direct driven bus air-conditioning 
system, and the package air-conditioning system as 
reported by (Kataoka, Takano and Taniguchi, 2010, 
Andersen, Atkinsen, Baker, Oulohojian and Phillps, 
2007, Lorentzen and Pettersen, 1993, Brown, Yana-
Motta and Domanski, 2002, Huang, Tzerg and Jeng, 
2006, Kiatsiriroat and Euakit, 1997) and on the 
performance of the engine through various 
investigations, such as, on engine cycle and fuels 
(Agarwal, Filipi, Assanis and Baker, 1998, Bayraktar 
and Durgun, 2003, Georgios, 2005, Gulder, 1984, 
Gallo and Milanez, 1992, Kopac and Kokturk, 2005, 
Kotas, 1995, Rezac and Metghalchi, 2004, Seszer, 
2008), flame propagation and combustion (Bilgin, 
2002, Tabaczynski, Trinker and Sahnnon, 1980, 
Keck, 1982, Agarwal, Filipi, Assanis and Baker, 
1998, Blizard and Keck, 1974, Dai, Newman and 
Davis, 1996, Tabaczynski, Ferguson and 
Radhakrisshnan, 1977, Tallio, 1998) and many others 
as reported by (Ajayi, 2009a, Ajayi, 2009b), the 

power demand on the engine to run the air-
conditioners in vehicles still remain relatively high. 
The need to free this energy for other uses and still 
maintain relative comfort in the passengers’ 
compartment by optimally supplying the required 
energy alternatively, is seldom reported in the 
literature. Therefore, there is the need for a creative 
design and innovations involving comprehensive 
utilization of the energy of the exhaust gas of the 
engine to power the air conditioner, hence this study. 
 
METHODOLOGY 
Experimental Method  
The materials used for the experimental investigation 
include, a car, intelligent tester, Temperature sensor, 
Gray Cast Iron, Mild Steel, Nickel Alloy and Steel. 
The ability of cast iron to absorb and dampen 
vibrations makes it an excellent material for the 
turbine housing and inlet, while mild steel being the 
commonest material for fabrication and construction 
purposes with most of the desirable properties finds 
use in exhaust pipe, coupling and compressor pulley. 
The turbine blade, being a very important component 
for the conversion of the kinetic and heat energy in 
the exhaust gas at high temperature to shaft work 
needed to turn the compressor, was constructed from 
nickel alloy, while the turbine shaft was fabricated 
from steel for its toughness and hardness properties. 
 
Design Expressions 
The overall isentropic enthalpy drop  )(isenoh  
is given as,    
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of the Products (C02, H2O, N2) can be obtained 

at any specified temperature using the JANAF table 
(Dorofeeva, Iorish, Novikov and Neumann, 2003). 
 
The power output (Pw) is given as,  
   outgactualgoutingw WmhmhhmP         2 
Combustion of premium motor spirit, C8H18, 
 
CHβ + as (02 + 3.7N2) n1CO2+n2H2O+n3N2        3 

Where,   1n  ,  
22


n ,  san 76.33   
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 sa , are all constants. 
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where Ah   is the actual enthalpy drop. The 
sprouting velocity, Vo is computed as follows: 

                   isenoo hV  2  

For specific (Ns) speed and specific diameter (Ds),  

4
3

H

QN
N s

s


  and 

Q
HD

D s

4
5

1                           5 

which implies that, NsDs = 
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 The blade velocity at inlet is, 
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The velocity diagram for the flow entering radially 
and leaving axially is given below: 

Figure 1: Blade velocity diagram for radial-inflow 
turbine 
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where n = nozzle loss coefficient,  which is 

235.0063.0  n  for 900  inward flow 
turbines. 
    For a Radial machine, the Reaction R is given as, 
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where   is the temperature drop (blade loading) 
coefficient, given as, 

                                =  2U
WS .                               11 

The turbine flow area, 
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The Tip diameter of the Turbine at Inlet can be 
obtained from 
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Since the flow velocity fV  is constant, 21 ff VV   
For a zero Exit swirl,  
 2tV = 0  and  22 VV f                                         15 
From the exit velocity diagram,                    
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According to (Glassman, 1976) the required number 
of blades (nb) to  
prevent turbine reversal is given as,  
                  bn  = 0.1047 (110 - 2tan ) 2tan ,     

67 752                                                           19 
Rotor inlet blade width ‘b1’ is given as, 

111
1 DVr

m
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Length of Hub (Lh), 
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hhh DLD 5.1 .                                           21 

The flow coefficient ( ) is given as, 

 = 
1

2

U
V f                                                               22 

According to (Kafskey and Nussbaun, 1972),  

t
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r
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= 0.53     hr  = 0.53 tr                                    23 

Fig 2:   Hub – To – Tip Radius Ratios      
For the turbine housing, 
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2

1
1 , where cl is the clearance. 

The torque transmitted by the shaft is, 

N
PTNTP




2
60

60
2

                          25 

The Torque,T  is related to the diameter of the shaft 
as, 
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 where s is the permissible shear stress for the shaft 
material. 
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 Thermodynamical Analysis 
Applying first and second laws of thermodynamics in 
the evaluation of spark ignition(SI) and compression 
ignition (CI) engines as reported by (Ajayi, 2009a, 
Ajayi, 2009b) yields the overall efficiencies of the 
engines as follows: 
For SI engine coupled to the car air-conditioner 
conventionally, 
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For using the exhaust gas from SI engine to run a 
micro-turbine coupled to the car air-conditioner, 
conceptually,                               
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For CI engine coupled to the car air-conditioner 
conventionally,
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For using the exhaust gas from CI engine to run a 
micro-turbine coupled to the car air-conditioner, 
conceptually, 
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where  Te  is given as, 
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The coefficient of performance (C.O.P) and energy 
efficient ratio(EER) of air-conditioning system for 
any vapor compression system, having the four basic 
components, namely, compressor, condenser, 
expansion valve and evaporator are respectively 
given as, 

ncompressioofHeat
effectnfrigeratioPOC Re...                 33 

                              

inputPower
capacitycoolingUsefulEER                 34 

 
RESULTS AND DISCUSSION 
Applying the initial data and conditions of table 1 to 
the design expressions of section 2, yielded the 
designed values of the required number of turbine 
blades and the other necessary parameters of the 
micro-turbine and shaft as listed in table 2, while 
those of the turbine housing are given in table 3 and 
the corresponding sketch in figure 3. The necessary 
components of the fabricated micro-turbine together 
with other standard accessories are show in figure 4 
with the corresponding list in table 4.  A schematic 
flow diagram of the vapor compression system 
showing necessary components is presented in figure 
5. Irrespective of the type of working fluid and the 
mode of work done on the compressor, the traditional 
system remain the same consisting of the condenser, 
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flow control system, evaporator and compressor. In 
the conventional mode, work is done on the system 
by mechanically coupling the compressor to the 
engine. But in this investigation, the assembled 
designed components of figure 4 coupled to the 
compressor via clutch was driven by the energy in the 
exhaust gas from the engine. The conceptual power 
supplied to the compressor operated the cycle in 
figure 5, while the coefficient of performance (C.O.P) 
and the energy efficient ratio (E.E.R.) is under further 
investigation.  
 
From the thermodynamic analysis, the relief on the 
engine by extracting the required work, Wt from the 
kinetic and heat energy of the exhaust gas is clearly 
represented in figure 6. As shown, there is significant 
power usage by the mechanical compressor of an 
automobile traditionally coupled to the engine for 
both spark and compression ignition engines. For the 
range of the investigation, the effectiveness of the SI 
engine increases from 40.7% at combustion 
temperature of 710K to an asymptotic value of 49.8% 
at combustion temperature of 1200K and remain 
constant thereafter for an engine conventionally 
coupled to the compressor as compared to the drop in 
effectiveness from 60.7% to 52.5% when the energy 
in the exhaust gas is used to run the compressor for 
the same temperature range. But for CI engines, the 
effectiveness drops gradually from 54.1% to 52.5% 
and from 71.8% to 70.4% for the same temperature 
range for conventional and conceptual mode of the 
car air conditioner respectively.  A better 

representation of the data with power fitting as shown 
in figure 7 presents a constant gain of about 17% of 
the conceptual over the conventional for CI engines, 
but varying values (from  20 % to   2%) of the 
conceptual over the conventional for SI engines for 
the investigated temperature range of the combustion 
chamber.  
      
Table 1: Available Design Data 
DESCRIPTION GIVEN 

INFORMATION 
COMMENT 
(Means of information) 

Compressor 
Power 

5.5HP (4.1 kW)  Manufacturer 

Engine Inlet 
Manifold 
Pressure 

103 kPa Obtained with 
intelligent Tester 

Stagnation 
Temperature at 
Turbine Inlet 

400o C Obtained with 
temperature sensor 

Engine Manifold 
Pressure ratio(Pr)  

1 – 2.5 SAE, International 
Journal of Engines 
Vol.2(1) 

Fuel Used Premium Motor 
Spirit (C8H18) 

 

Turbine Design 
with Zero Exit 
Swirl, 

3Pr
2

01 
P
P

 

 For 

,8.0)( iseno
 

For 80 % isentropic 
efficiency, from 
turbine performance 
Map 

Total-to-static 
efficiency, 

%80TS  

Ns = 0.8, Ds = 2.5 From Balje diagram 

  
  
Table 2: The designed values 
Description 

1 ( 

o) 
2 ( 

o)    
2 ( 

o) 
1D (mm) 2D (mm) 1b (mm) tr (mm) hr (mm) hL (mm) sn  ds 

(mm) 

Designed values 17 72 25 61 40 3 20 11 28 12 10 
 
Table 3: Design values for turbine housing  
N/S 0 1 2 3 4 5 6 7 8 9 10 11 12 
 (o) 0 30 60 90 120 150 180 210 240 270 300 330 360 
Ra (mm) 33 35 37 39 41 43 45 47 49 51 53 55 58 

Figure 3: Turbine casing 

 

Figure 4: Micro-turbine with necessary accessories   
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Table 4: Component description of micro-turbine and 
the accessories  
S/N DESCRIPTION MATERIALS REMARKS QTY 

1 Exhaust Pipe Mild Steel Standard 1 

2 Turbine 
Housing 

Cast Iron Fabricated 1 

3 Turbine Blades Nikel Alloy Fabricated 12 

4 Coupling Mild Steel Fabricated 1 

5 Turbine Shaft Steel Fabricated 1 

6 Turbine Inlet Cast Iron Fabricated 1 

7 Compressor 
Pulley 

Mild Steel Standard 1 

8 Compressor Steel Standard 1 

9 Screw Bolt Mild Steel Standard 6 

10 Compressor 
Clutch 

Mild Steel Standard 1 

 

Figure 5: Schematic vapor compression cycle. 
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Figure 6:  Effective Relief on Automobile Engines by 
Using Exhaust Gas Driven Compressors 
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Figure 7: % Gain in Effectiveness of Conceptual 
Over Conventional of Work Input to the Compressor 
 
CONCLUSION 
From the experimental study, the energy in the 
exhaust gas from the engine operated the micro-
turbine coupled compressor of an automobile. The 
investigation further reveals that air conditioning 
system being a single largest auxiliary load on the 
vehicle reduces the effectiveness of the engine by 
 17 % for compression ignition engine for a 
combustion temperature range of 710K to 1400 K, 
but varying reduction in effectiveness from   20% at 
combustion temperature of 710K to  2% at 
combustion temperature of 1400K. Effective 
utilization of the available kinetic energy in the 
exhaust gas in operating the compressor in the car air 
conditioning system cycle is subject to further 
investigation. 
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