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In this paper, the energy balance and distribution of a turbocharged gasoline di-
rec injection engine fuelled with ethanol and gasoline blend and powered the 
passenger car under transient and steady-state conditions were independently in-
vestigated. Then, the energy balance under transient conditions was comprehen-
sively compared with steady-state behaviors under the bench test. The results in-
dicated that the exhaust gas energy was much higher than the brake power at the 
high speed and high load zone. In addition, the maximum percentage of exhaust 
gas energy in total energy was located at high speed and medium load area, and 
showed a very good potential exhaust heat recovery. The coolant energy sur-
passed brake power and exhaust gas energy on the low speed and low load area 
and its percentage in total energy exceeded 30%, and in some operation points, it 
reached up to 50%. Compared energy balance under the transient condition with 
the steady-state condition, all the operating points were located on the low to 
medium speed and low to medium load area. In addition, the effective efficiency 
was located below the isolines of 25% or lower at the urban driving cycle, while 
the effective efficiency was much higher at extra urban driving cycle. 
Key words: energy balance, alternative fuel, transient condition,  

steady-state condition 

Introduction 

Currently, energy conservation and emissions reduction have become an indispensa-
ble policy in the whole world [1]. It is obvious that the automotive sector consumes a large 
number of traditional fossil fuels by the gasoline and Diesel engines. Meanwhile, as one of 
the most widely used power machine, internal combustion engine (ICE) emit a huge amount 
of harmful pollution emissions [2], such as, CO, HC, and NOx. Emission regulations and fuel 
consumption regulations of ICE have been increasingly stringent to drive the ICE to enhance 
fuel conversion efficiency and reduce emissions in recent years [3]. Consequently, it is essen-
tial to conduct some fundamental experiments coupled with advanced control strategies (mul-
ti-injection and EGR, etc.) and alternative fuels (alcohols, ethers and hydrogen, and so on) on 
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the whole map of the ICE, in order to understand the energy flow and energy distributions for 
improving the fuel conversion efficiency and reducing exhaust emissions. 

Fuel conversion efficiency is one of the most key evaluation factors involved with 
the ICE [4-6]. In order to enhance the fuel conversion efficiency or effective thermal efficien-
cy, researchers have already conducted heat balance or energy balance on ICE for understand-
ing the distribution of energy based on the First law of thermodynamics [7, 8]. Thus, it is of 
most significant to evaluate the fraction of each term where losses occur in engines. As a mat-
ter of fact, fuel energy which is supplied to the ICE could be cursorily divided into three parts 
on certain conditions: energy converted into effective work, energy transferred into coolant 
water, and energy dissipated into exhaust gas [9, 10]. However, the proportion of each term in 
the ICE strongly depends on the operating conditions. Gharehghani et al. [11] investigated 
thermal balance on a turbocharged spark-ignition engine fuelled with natural gas, and showed 
that the percentage of transferred energy to exhaust gases increased by increasing engine load 
and coolant temperature. Payri et al. [3] carried the experimental analysis of the global energy 
balance on a direct injection Diesel engine, and concluded that the variation of the coolant 
temperature had an almost negligible effect in terms of efficiency while cooling the air yields 
in an improvement about 1% and advancing the start of injection about 1.5%. Abedin et al. 
[12] reviewed the energy balance of ICE using alternative fuels, which discussed the basic en-
ergy balance theory in details along with the variations in energy balance approaches and 
terms. Martin et al. [13] investigated thermal analysis on a light-duty compression ignition 
engine operating with diesel-gasoline dual-fuel combustion mode, results showed that in-
creasing the low reactivity fuel leads to a better shape of the heat release rate, with a reduction 
of heat transfer and exhaust losses, thus improving the thermal efficiency about 1% with re-
spect to a conventional diesel combustion. However, the aforementioned energy balance and 
exergy analysis on engines were compared under steady-state operating conditions. In other 
words, the test engines were operated at fixed speed and load for a while until the values of 
temperature sensors, pressure sensors and flow meters almost kept the same level. Thus, ac-
cording the first law of thermodynamics [14], it is easy to calculate the energy that transferred 
to coolant water, exhaust gas and converted into useful work. 

On the other hand, the passenger vehicle powered by the ICE always operated under 
transient conditions, such as acceleration and deceleration. Therefore, there exists a huge dif-
ference of ICE between actual behaviors under vehicle driving conditions and steady-state 
performance under the bench test [5], namely, the energy or heat balance intimately relies on 
the transient performance of the ICE. In order to investigate the gap of the energy balance of 
the ICE between transient and steady-state operating conditions, researchers also have con-
ducted many experiments on this issue. Razmara et al. [15] used an optimal control method 
based on exergy which was introduced for transient and steady-state operation of ICE, and re-
sults showed that using the exergy-based optimal control strategy resulted in an average of 
6.7% fuel saving and 8.3% exergy saving compared to commonly used the first law of ther-
modynamics. Rakopoulos et al. [16] developed a computer model for studying the First- and 
Second-law (availability) balances of a turbocharged Diesel engine under transient load con-
ditions, and revealed that, at least for the specific engine type and operation, a thermodynam-
ic, dynamic or design parameter can have a conflicting impact on the engine transient re-
sponse as regards energy and availability properties. Singh et al. [17] analyzed in detail the 
various energy losses at different engine operating regimes and quantified of losses and un-
derstood of loss mechanism serve as a starting point for future technologies to recover the lost 



 

energy. Others researcher conducted experiments on the engines for energy recovery from the 
exhaust gas [18, 19] and coolant water [20, 21] to reduce the time of warm up.  

In this study, the energy balance and distribution of a turbocharged direct injection 
gasoline engine were experimentally investigated and the variation of output brake work, 
transferred energy to the coolant water and exhaust gas energy under transient conditions of 
vehicle driving on new European driving cycle (NEDC) and steady-state of the bench test 
were comprehensively compared. First, some necessarily technical adaptations were conduct-
ed on the engine and the passenger car in order to install test rigs, measuring systems and data 
logger system, and accurately measure and collect data. Second, the energy balance and 
change rules of each term were investigated on the gasoline direct injection (GDI) engine 
which powered the passenger vehicle and operated under the transient conditions of NEDC. 
Then, the GDI engine was carefully removed from the passenger car and installed on the test 
bench. Furthermore, some test rigs, measuring systems and data logger system were installed 
on the GDI engine. Last but not least, the energy balance was conducted on the engine which 
operated on steady-state by sweeping the speed and load. Eventually, energy balance and dis-
tribution were compared and analyzed based on the mapping characteristic and NEDC that it 
was disassembled into urban driving cycle (UDC) and extra urban driving cycle (EUDC).  

Experimental apparatus and procedures 

Transient experiment on the chassis dynamometer 

In this test, the energy balance test was conducted on a passenger car under the chas-
sis dynamometer in a climatic chamber, and the schematic diagram of the test facilities layout 
is shown in fig. 1. The specifications of the turbocharged GDI (TGDI) engine are listed in tab. 
1. Meanwhile, the specifications of the tested passenger car are given in tab. 2. The passenger 
car was fastened on the chassis dynamometer in order to simulate the reality road conditions. 
All subsystems were controlled by the main control system.  

 
Figure 1. Schematic diagram of test facilities for the passenger car 



 

To ensure collected data have a good ac-
curacy, the range and precisions of various in-
struments, including sensors, flow meters, 
were carefully selected and accurately cali-
brated, tab. 3. To be more specific, in-cylinder 
pressure was measured by the Kistler piezoe-
lectric sensor. The platinum resistance ther-
mometer (Pt100) sensors were used to meas-
ure the temperature of air intake and coolant 
water, while the K-type thermometer was uti-
lized to test the temperature of exhaust gas. 
The mass-flow rate of air intake was meas-
ured through Sensiflow, and the mass-flow 
rate of coolant water was measured by the 
Tokyo Keiso Electromagnetic Flow Meter, 
whilst the transient fuel consumption of ICE 
was tested through the AVL fuel mass-flow 
meter. Meanwhile, the passenger car was 
placed in the thermostatic chamber for 24 
hours at 25 °C to maintain the same tempera-
ture of each part or assembly of the passenger 
car. Then, energy balance test on the passen-
ger car was conducted on the chassis dyna-
mometer.  

Stead-state experiment on the test bench 

After the passenger car was conducted 
on energy balance test on the chassis dyna-
mometer. Then, the GDI engine was carefully 
removed from the passenger car and installed 
on the test bench. Specifically, the GDI en-
gine shaft was coupled to an AVL electronic 
dynamometer, which was utilized to absorb 
the load and control the speed of test engine. 
Figure 2 is a schematic illustration of the test 
rigs, equipment, sensors and flow meters in 

steady-state energy balance test. Then, the GDI engine was conducted the energy balance ex-
periment on the test bench under steady-state conditions in the laboratory.  

It is noted that the thermal hysteresis exists in the energy accumulation and time lags 
behind during the data collection. Admittedly, it is difficult to eliminate this error and be-
comes a major error source during the transient experiment under the NEDC. In addition, the 
data acquisition system used the filter functions to eliminate the disturbance of the extreme 
data. Specifically, the overall experimental uncertainty was 2.76%, and this value met the en-
gineering requirements within the limitation 5%. Therefore, the results met the accuracy re-
quirements on engineering practice. Furthermore, in this paper, we qualitatively analyzed and 
compared the energy balance and energy distribution on the turbocharged GDI engine. 
Through the whole research of this paper, the characteristics and influence factors of energy  

Table 1. The specifications of TGDI engine 

Item Content 

ICE type In-line four cylinder,  
four-stroke 

Bore, [mm] 76 

Stroke, [mm] 82.6 

Compression ratio, [–] 10 

Number of valves  
per cylinder 4 

Displacement, [L]  1.5 

Connecting rod length, 
[mm] 133.2 

Respiration Turbocharged 

Injection mode Gasoline  
direction injection 

Table 2. The specifications of tested vehicle 

Item Content 

Mass, [kg]  1365 

Frontal area, [m2] 2.250 

Coefficient of  
aerodynamic drag, [–] 0.298 

Rolling radius, [m] 0.316 

Transmission ratios, [–] 4.044, 2.371, 1.556, 
1.159, 0.852, 0.672 

Final drive ration, [–] 3.685 

Maximum speed, [kmh–1] 160 

Drive type Front engine front 
wheel drive 

 



 

balance of ICE under transient condi-
tions (NEDC) of vehicle driving and 
steady-state of the bench test were de-
picted in detail. Meanwhile, some sug-
gestions were proposed to enhance the 
actual fuel conversion efficiency of 
ICE and recover the energy from the 
exhaust gas and coolant water. 

Results and discussions 

Comparative analysis of the total 

energy 

This paper aimed at to evaluate 
the energy balance and distribution on 
a TGDI engine which operated under 
the transient and steady-state condi-
tions. Subsequently, the energy balance 
and its fraction were investigated by 
comparison and analysis based on the 
mapping characteristic and NEDC. 
Figures 3 and 4 present the fuel mass- 
-flow rate and the total energy of the 
passenger car which was operated un-
der NEDC of cold starting on the cha-  

 
Figure 2. Schematic of the test rigs and equipment layout of engine under steady-state test 

Table 3. The specifications of main test instruments 

Instrument Calibrated 
range Accuracy 

Torque sensor (home-made) 0-500 Nm ±1% 

In-cylinder pressure (piezoelectric 
sensor Kistler 6055BB) 0-150 bar 0.9% FS 

Amplifier (Kistler 5015) –10-10 V 0.01 V 

Fuel consumption meter  
(AVL fuel mass-flow meter 735S) 

0-125 
kg/h ±0.12% 

Wind-speed sensor  
(Keiso RF-1000) 0-50 m/s ±1% 

Air flow meter (Sensiflow DN80) 0-720 
kg/h ±1% 

Coolant mass-flow  
(Keiso electromagnetic flowmeters) 

0-350 
L/min ±0.5% 

Exhaust gas temperature sensor  
(K-type thermocouple) 0-1000 °C ±1.5 °C 

Air intake temperature (Pt100) 0-200 °C ±0.2 °C 

Coolant water temperature (Pt100) 0-200 °C ±0.2 °C 

Pressure sensor  
(piezo-resistive transducers) 0-6 bar 0.1% FS 

 



 

 
Figure 3. The mass-flow fuel rate of the passenger car operated on transient conditions 

 
Figure 4. The total energy of the passenger car operated on transient conditions 

sis dynamometer, respectively. Sincethe engine was operated on the transient conditions, the 
speed and load of the engine can be changed dramatically in real-time. As one can see, when 
the passenger car was operated on the EUDC, the fuel mass-flow rate was much higher than 
the UDC. This is due to the fact that when the passenger car was operated on the EUDC, the 
engine consumed much more fuel for operating on the higher speed and higher load.  

Figures 5(a) and 5(b) display the mass-flow rate of fuel and the total energy of the 
engine under steady-state operating conditions by mapping characteristic, respectively. As il-
lustrated in fig. 5(a), the mass-flow rate of the fuel moderately increased with increasing the 
speed and load, so did the total energy, as shown in fig. 5(b). When the GDI engine was tested 
on the bench, the temperature of the output coolant water was approximately 85 °C. At the 
same time, the temperature and mass-flow rate of the output coolant water was automatically 
controlled by AVL553. From fig. 5, when the engine operated on the high speed and high 
load area, the engine consumed a large amount of fuel, and thereby releasing a huge of ener-
gy. However, in the real road operating conditions, the GDI engine, which powered the pas-
senger car, rarely operated on these conditions. Almost all the operating conditions were lo-
cated in the low to medium speed and low to medium and high load. 



 

  
Figure 5. The mass-flow rate of fuel and total energy of the engine operated on steady-state conditions; 
(a) the mass-flow rate of fuel [kgh–1], (b) the total energy [kW] 

Figures 6(a) and 6(b) compare the mass-flow rate of fuel and total energy when the 
GDI engine powered the passenger car and operated on under transient conditions (NEDC) 
and steady-state conditions by mapping characteristics, respectively. Green dots represent 
EUDC operating points and black dots represent EUDC operating points. Every operating 
point is regarded as a quasi-static thermodynamic equilibrium. It can be seen from fig. 6, 
when the passenger car operated the NEDC on the chassis dynamometer, all the operating 
points were located in the low speed area of the map. The speed of engine was less than 
2600 rpm. However, the load strongly depended on the engine operating conditions. When the 
passenger car was operated on EUDC, the mass-flow rate of fuel was much high, which re-
leased a huge of energy in the cylinder to meet requirement of the high power. 

  
Figure 6. Comparison of the fuel mass-flow rate and total energy of the engine operated on transient 
and steady-state conditions; (a) the mass-flow rate of fuel [kgh–1], (b) the total energy [kW] 
 

Comparative analysis of effective work distribution 

Figures 7 and 8 demonstrate the effective power and the effective efficiency of the 
passenger car which was operated under NEDC on the chassis dynamometer, respectively. It 
can be seen that the change rule of the effective power was the same as with the fuel mass-flow 
rate. Since FMEP initial value was large due to the low temperature of the coolant and oil in the 



 

first 200 seconds (as illustrated in the black dashed bordered rectangle). Therefore, the effective 
efficiency was lower in the first 200 seconds than the rest of the time of the NEDC. Moreover, 
when the passenger car was operated on the EUDC, the effective power was much high since 
the GDI engine was operated on the high speed and medium and high load area.  

 
Figure 7. The effective power of the passenger car operated on transient condition 

 
Figure 8. The effective efficiency of the passenger car operated on transient conditions 

Figures 9(a) and 9(b) illustrate the brake power and effective efficiency of the GDI 
engine operated on steady-state conditions by mapping characteristics, respectively. In maps, 
the independent variables are speed and load (BMEP), whilst the dependent variables are the 
brake power and effective efficiency. From fig. 9(a), it was observed that the brake power in-
creased with increasing speed and load (as depicted in blue dashed circle marked region). 
When the engine operated on the high speed and high load area, the brake power was much 
higher than the low speed and load (as shown in black dashed circle marked region). Mean-
while, the air/fuel ratio was enriched in these operation conditions. However, the effective ef-
ficiency was reached peak at medium speed and medium load are, as demonstrated in fig. 9(b) 
in the black dashed circle marked region. Importantly, effective efficiency directly determines 
the brake specific fuel consumption (BSFC) of the ICE. Furthermore, it ultimately determines 
the fuel conversion efficiency and fuel economy of the ICE. 

Figures 10(a) and 10(b) compare the brake power and effective efficiency of the 
GDI engine operated under transient and steady-state conditions by mapping characteristics, 
respectively. It is very easy to find that when the passenger car operated on the transient con- 



 

  
Figure 9. The brake power and effective efficiency of the engine operated on steady-state conditions; 
(a) the brake power [kW], (b) the effective efficiency [%] 

ditions, almost all the operating points were located in the low to medium speed and low to me-
dium load. Specifically, when the passenger car operated on the UDC conditions, the effective 
efficiency was located below the isolines of 25% or lower. More seriously, the effective effi-
ciency even approached to 0% in some cases due to idle. When the passenger car operated on 
the EUDC conditions, the effective efficiency was much higher than that UDC conditions, as 
shown in blue dashed circle marked region. Most of the operating points were located in the 
maximum efficiency zone (except sharp deceleration points at the end of the NEDC). Thus, it 
was highly suggested that the ICE should operate on the medium speed and medium load. The 
chemical energy of the fuel releases in-cylinder by the combustion process and converted into 
brake power through heat-work conversion. Under the same of fuel mass-flow rate, the more 
brake power is converted, the higher effective efficiency can be obtained. Therefore, enhancing 
effective efficiency is a determining factor to improve the fuel conversion efficiency. 

  
Figure 10. Comparison of the brake power and efficiency of the engine operated on transient and 
steady-state conditions; (a) the brake power [kW], (b) the effective efficiency [%] 
 

Comparative analysis of exhaust gas energy distribution 

Figures 11 and 12 depict the exhaust gas energy and the percentage of exhaust gas 
energy in total energy of the passenger car which was operated under NEDC on the chassis 
dynamometer, respectively. From fig. 13, the exhaust gas energy was slightly higher than the 



 

effective power in the first 200 seconds of the NEDC (as illustrated in the black dashed bor-
dered rectangle) and in the end of EUDC (as shown in the red dashed bordered rectangle). It 
indicates that the chemical energy of fuel was wasted into the ambient. On the other hand, the 
temperature of the coolant and oil were lower in the first 200 seconds of the NEDC. If the ex-
haust gas energy was recovered and reused to heat the intake air and cold ICE during the low 
temperature season (winter, high-latitude area) and initial start ICE, the engine could warm 
faster and reduce fuel consumption. 

 
Figure 11. The exhaust gas energy of the passenger car operated on transient condition 

 
Figure 12. The percentage of the exhaust gas energy in total energy on transient conditions 

Figures 13(a) and 13(b) reveal the exhaust gas energy and the percentage of exhaust 
gas energy in total energy of the GDI engine operated under steady-state conditions by map-
ping characteristics, respectively. As one can see, when the GDI engine was operated on the 
low speed and low load area (as shown in the black dashed circle region), the exhaust gas en-
ergy was approximately equivalent to the brake power compared with fig. 9(a). However, the 
exhaust gas energy was much higher than the brake power at the high speed and high load ar-
ea (as illustrated in the blue dashed circle zone). Furthermore, the maximum percentage of 
exhaust gas energy in total energy was located in high speed and medium load while the max-
imum percentage of the effective efficiency in total energy was located in medium speed and 
medium load area. This phenomenon can be explained as follows: when the GDI engine was 
operated on the high speed and high load area, the fuel mixture was enriched to decrease the 
in-cylinder temperature and avoid knocking and abnormal ignition. Subsequently, the energy 
of unburned fuel was stored in the remainder heat loss. Therefore, the percentage of the ex-



 

haust gas in total energy declined and located in medium speed and medium load. On the oth-
er hand, the FMEP dramatically increased with increasing speed and load [22], when the en-
gine was operated in the high speed and high load area, both the friction loss and the mass-
flow rate of fuel were also increased. Thus, the maximum percentage of the effective efficien-
cy in total energy was located in medium speed and medium load. 

 
Figure 13. The exhaust gas energy and its percentage in total energy of the engine operated on  
steady-state conditions; (a) the exhaust gas energy [kW], (b) percentage of exhaust gas energy in  
total energy [%] 

Figures 14(a) and 14(b) compare the exhaust gas energy and the percentage of the 
exhaust gas in total energy of the GDI engine operated under transient and steady-state condi-
tions by mapping characteristics, respectively. It is observed that almost all the operation 
points were located at the low load (as shown in the black dashed rectangle marked area) 
when the passenger car was operated on the UDC. As described earlier, the exhaust gas ener-
gy was approximately equivalent to the brake power compared with fig. 9(a). To be more spe-
cific, the exhaust gas energy located between 4 kW and 14 kW, so did the brake power. 
Moreover, the percentage of the exhaust gas energy in total energy was located between 25% 
and 30%, so did the effective efficiency. It indicates that exhaust gas energy contained huge 
of energy and showed highly potential heat recovery. Furthermore, when the engine was op-
erated on the EUDC, many operating points were located in the high load (as shown in the red 

  
Figure 14. Comparison of exhaust gas energy and its percentage in total energy under transient and 
steady-state conditions; (a) the exhaust gas energy [kW], (b) percentage of exhaust gas energy in total 
energy [%] 



 

dashed circle marked area), and the exhaust gas energy surpassed the brake power compared 
with fig. 5(a). Meanwhile, the percentage of the exhaust gas energy in total energy exceeded 
40%. Thus, if the exhaust gas energy could be recovered and reused, the fuel conversion effi-
ciency and the effective efficiency of the ICE will be dramatically enhanced [23]. 

Comparative analysis of coolant energy distribution 

Figures 15 and 16 show the coolant energy and the percentage of coolant energy in 
total energy of the passenger car which was operated under NEDC on the chassis dynamome-
ter, respectively. Since the passenger car was cold started and the initial coolant temperature 
was at 25 °C, the coolant energy increased from zero at the beginning of the NEDC. When the 
passenger car was operated on the UDC, the coolant energy fluctuated in a certain range. Un-
der idling operating conditions, the coolant energy reached its lowest value. In general, the 
coolant energy was less sensitive to the passenger car operating conditions compared with ef-
fective power and exhaust gas energy. This is due to the fact that heat transfer was much 
slower than other forms of energy. However, things were changed in coolant energy in total 
energy, particularly under the sudden change acceleration and deceleration operating condi-
tions. The sudden acceleration and deceleration were caused biggish fluctuations of the per-
centage coolant energy in total energy. This is because the sharp acceleration and deceleration 
led to rapidly increasing and decreasing fuel mass-flow rate, see fig. 4, and then the total  

 
Figure 15. The coolant energy of the passenger car operated on transient conditions 

 
Figure 16. The percentage of the coolant energy in total energy on transient conditions 



 

energy was significantly changed whilst the coolant energy changed slowly. Therefore, it 
caused the peaks of the percentage of coolant energy. 

Figures 17(a) and 17(b) depict the coolant energy and the percentage of coolant en-
ergy in total energy of the GDI engine operated under steady-state conditions by mapping 
characteristics, respectively. The coolant energy surpassed brake power and exhaust gas ener-
gy compared fig. 9(a) and fig. 13(a) when the GDI engine was operated on the low speed and 
low load area (as shown in the red dashed circle region). Moreover, the percentage of coolant 
energy in total energy exceeded 30%, and in some operating points, it reached up to 50% (as 
shown in the red dashed circle region). This is due to the fact that the output brake power was 
small and most of the fuel energy was changed into friction work and heat transfer loss and 
both of them were transferred to the coolant finally. However, when the engine was operated 
on the high speed and high load area (as shown in the black dashed circle region), things was 
changed in coolant energy and its percentage in total energy. The coolant energy increased, 
but the magnitude of the fuel mass-flow rate significantly increased, resulting in the total fuel 
energy dramatically increased. Thus, the percentage of the coolant energy in total energy de-
creased. In general, if the coolant energy is recovered and reused, the fuel conversion effi-
ciency and the effective efficiency of the ICE will be improved. 

 
Figure 17. The coolant energy and its percentage in total energy of the engine operated on steady-state 
conditions; (a) the coolant energy [kW], (b) the percentage of coolant energy in total energy [%] 
 

Figures 18(a) and 18(b) compare the coolant energy and its percentage in total ener-
gy of the GDI engine under transient and steady-state conditions by mapping characteristics, 
respectively. It is observed that almost all the operating points were located in the low speed 
and low load area, and the percentage of coolant energy in total energy surpassed 30% when 
the passenger car was operated on the UDC. However, when the passenger car was operated 
on the EUDC, some operating points were located in the medium load zone. Compared fig. 
9(b) and fig. 13(b), although the coolant energy increased with the load, the percentage of the 
coolant energy in total energy decreased due to the total fuel energy increase greatly. Thus, it 
is highly suggested that the passenger car (the engine) should operate at the high load for bet-
ter fuel conversion efficiency and the effective efficiency. 

Finally, since the remainder heat loss is dissipated in the ambient by heat radiation 
and convection, and could not be recovered or reused. Therefore, it is not discussed here. It is 
noted that the algorithm method was used to interpolate transient sampling data in each time 
step (interval time step: 1 second). Then, calculating each energy term individually and its  



 

  
Figure 18. Comparison of the coolant energy and its percentage of the engine operated on transient and 
steady-state conditions; (a) the coolant energy [kW], (b) the percentage of coolant energy in total 
energy [%]  

percentage in the total energy. Eventually, mapping each transient energy term and its ratio in 
the steady plotted data, respectively.  

Conclusions 

In this study, the energy balance and distribution of a TGDI engine fuel with ethanol 
and gasoline blend and powered the passenger car under transient and steady-state conditions 
were independently investigated. Then, the energy balance under transient conditions was 
comprehensively compared with steady-state condition behaviors under the bench test. Final-
ly, the differences of energy balance between transient and steady-state conditions were com-
paratively analyzed and the influencing factors were revealed. The main conclusions are 
summarized as follows. 
 Exhaust gas energy was much higher than the brake power at the high speed and high load 

zone, and showed a very good potential exhaust heat recovery. The coolant energy sur-
passed brake power and exhaust gas energy on the low speed and low load area and its per-
centage in total energy exceeded 30%, and in some operation points, it reached up to 50%.  

 Under transient condition, all operating points were located on the low to medium speed 
and low to medium load area. Moreover, the speed of the GDI engine was less than 
2600 rpm, and its load strongly depended on the operating conditions. In addition, the ef-
fective efficiency were located below the isolines of 25% or lower at the UDC, while the 
effective efficiency was much higher at EUDC. 
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