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A B S T R A C T  
 

 

Engine downsizing is a trusted method to reduce fuel consumption and pollution emitted from internal 
combustion engines. In this method, engine displacement volume is reduced while maintaining the same 

power/torque characteristics. However, there still exist several limitations to utilize this technology. In 

this paper, the naturally aspirated type of Iranian national engine (EF7-NA) for a possible downsized 
version is investigated. A one-dimensional engine model equipped with a zero-dimensional two-zone 

combustion sub-model was developed and validated via experimental results for both natural aspirated 

and turbocharged engine types. Then experimental and numerical studies were carried out for the primary 
concept, deactivation of one cylinder besides using a turbocharger. To overcome the concept shortages, 

especially in lower ranges of engine speed, numerical studies were extended. Deployment of several 

turbochargers with different performance maps and different valve timing via a dual continuous variable 
valve timing (CVVT) system were investigated. The results showed that there is a feasible method for 

EF7 engine downsizing via a 3-cylinder type equipped with a modified turbocharger and valve timing. 

The maximum difference between base-engine and downsized version torque is about 7% in low engine 
speeds. 

doi: 10.5829/ije.2021.34.09c.11 
 

 

NOMENCLATURE 

1D  One Dymensional  NA Naturally Aspirated  

BMEP Brake Mean Effective Pressure  TC Turbo-Charged  

BSFC Brake Specific Fuel Consumption VVT Variable Valve Timing  

CR Compression Ratio  English Symbols  

CVVT Continuous Variable Valve Timing  A Area, m2 

DI Direct Injection B Bore, m 

EGR Exhaust Gas Recirculated  E Internal Energy, kJ 
EMS Engine Management System  �̇� Mass Flow Rate, kg/s 

EVO Exhuast Valve Opening N Engine Speed, rpm 

GDI Gasoline Direct Injection  T Temperature, K 

ICE Internal Combustion Engines  V Volume, m3 

IEA International Energy Agency  Greek Symbols  

IVC Inlet Valve Closing 𝜃 Crank Angle, deg 

LHV Low Heating Value 𝜌 Density, kg/ m3 

LTC Low Temparature Combustion ∅ Equivalence Ratio 

 
1. INTRODUCTION1 
 

Engine Downsizing is well-known as a promising 

approach achieving the long-term goal of the 
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International Energy Agency (IEA) [1] focusing on a 

50% reduction in mean global emission by 2030. Besides 

reducing the conventional emissions of Internal 

Combustion Engines (ICE), engine downsizing leads to 
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less carbon dioxide emission in the automotive industry, 

which is one of the main concerns for researchers who 

worked on global warming [2-4]. In this approach, the 

displacement volume of the engine is declined while the 

performance kept fixed. It is an effective solution to 

performance enhancement [5, 6], emission reduction [7], 

and frictional losses decrease [8]. Although extended 

researches from other aspects such as employing 

additives [9, 10] and Low Temperature Combustion 

(LTC) [11-13] were carried out to achieve IEA 2030 

goals. In recent years, engine downsizing approach was 

succeeded in attaining outstanding emission reduction 

(32%) at European markets [14]. 

In general, downsized engines are designed based on 

reduction in the bore, connecting rod length, and/or the 

number of cylinders. It is obvious that to retaliate the 

performance, utilizing the boost technologies such as 

supercharger, turbocharger, Direct Injection (DI), and 

Variable Valve Timing (VVT) is essential. However, 

running these technologies may lead some challenges 

namely; knock, super-knock, pre-ignition, and also 

electrification [15-17]. 

The range of employed techniques for engine 

downsizing can be considered from redesigning the 

engine components to general new engine designing or 

even the Engine Management System (EMS). Although, 

in the recent years, the researches focus is shifted to 

coping the operational challenges and performance 

improvement rather than redesigning [18, 19]; it seems 

that there is still a great potential for ultra-downsizing yet 

[20].  

A 50% downsized 3-cylinder engine optimal designing 

has been reported by Hancock et al. [21], focusing on 

design structure and employed technologies, and 30% 

fuel economy plus CO2 reduction are reported as the 

results of their optimal design. The concept of using 

pneumatic hybridization instead of electric ones for ultra-

downsizing was reported more cost-efficient by Dönitz et 

al. [22]. The opportunity of a spark ignition engine 40% 

downsizing employing high octane bio-fuels and cooled 

Exhaust Gas Recirculated (EGR) was investigated by 

Splitter and Szybist [23]. Furthermore, charge cooling 

with a tracer-based two-line Planar Laser Induced 

Fluorescence (PLIF) technique in an optical Gasoline 

Direct Injection (GDI) engine was introduced as an idea 

to increase volumetric efficiency and Compression Ratio 

(CR) for downsized engine by Anbari et al. [24]. In 

addition, Turner et al. [25] have achieved 35% CO2 

reduction by designing a 60% downsized engine from a 

5L, 8-cylinder V-type Jaguar Land Rover engine. More 

efficient turbulent flow at intake port in part load 

operation was achieved using a new design of intake 

system by Millo et al. [26]; while it was not realized at 

full load. Cooperating of this new design via advancing 

of Inlet Valve Closing (IVC) and employing 

turbocharger was introduced as an effective way to 

improve SI engines performance. In 2015, Severi et al. 

[27] asserted that 20% displacement volume reduction 

besides providing right-size engine maximum power of 

studied GDI engine is achievable via 11% piston bore 

reduction and using both engine boosting and spark 

advancing, in a numerical investigation. The concept of 

designing a boosted uni-flow scavenged direct injection 

gasoline engine to achieve more than 50% downsizing is 

demonstrated by Ma and Zhao [28] for a two stroke 

engine. Furthermore, friction loss investigation due to 

employing micro-geometry piston bearing [29] and oil 

pan design for modern downsized engine [30] were 

studied. 

 

 
TABLE 1. The domain of recent-employed strategies on engine downsizing 

Strategy Result Reference 

Engine Design  

3 cylinder, Optimized design 

structure 
30% fuel economy, 𝐶𝑂2 reduction Hancock et al. [21] 

Engine redesign  35% 𝐶𝑂2 reduction, 60% downsizing Turner et al. [25] 

Bore reduction 20% downsizing Severi et al. [27] 

Engine Components 

Design 

Micro-geometry piston bearing Frictional losses reduction, Torque enhancement Wróblewski et al. [29] 

Oil pan design Noise reduction Liu at al. [30] 

Intake system Part load operation improvement Millo et al. [26] 

Engine Management 
EMS, Supercharger 35% 𝐶𝑂2 reduction, 60% downsizing Turner et al. [25] 

IVC advancing, Turbocharger Part load operation improvement Millo et al. [26] 

Other 

Bio-fuels, Cooled EGR 40% downsizing Splitter and Szybist [23] 

Boosted uni-flow scavenged GDI >50% downsizing Ma and Zhao [28] 

Charge cooling with PLIF Volumetric efficiency enhancement, CR increase Anbari et al. [24] 

Pneumatic hybridization Cost-efficient ultra-downsizing Dönitz et al. [22] 
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This brief review showed that the employed methods 

on engine downsizing include a wide range of strategies. 

Recent-employed strategies are summarized in Table 1. 

Investigation in the literature clearly showed the 

important role of engine downsizing on emission 

reduction. In the other hand, considering the trend line of 

the Iran-domestic industries besides the daily-increasing 

demand of releasing clean engines, may strongly portrait 

the need of downsized engines in Iran markets. In 

consequence, in this research, the Iranian national engine 

(EF7) was investigated for a feasibility study of 

downsizing. The Naturally Aspirated (NA) 4 cylinder 

engine was considered as the base engine, and a 25% 

downsized version was introduced using the cylinder 

reduction strategy (3 cylinder engine) besides utilizing 

turbocharger and VVT technologies. To achieve this aim, 

a one-dimensional model which is able to investigate the 

base engine performance as well as applying 

turbocharger, cylinder reduction, and VVT is employed. 

The model is equipped with a zero-dimensional 

combustion sub-model. Indeed, to evaluate the validity of 

numeric results, and experimental estimation of engine 

performance in 3-cylinder condition, the fuel cut-off 

strategy is applied to the one cylinder of 4 cylinder EF7 

Turbo-Charged (TC) engine. Furthermore, the model 

results in fuel cut-offed mode were compared via 

experimental results for double validity check. The 

methodology of this research is shown in Figure 1. 
 

 

2. MODEL DESCRIPTOPN 
 

The investigation of mass and energy equations for each 

component, is mainly used in engine one dimensional 

(1D) simulation [31]. The engine performance is finally 

estimated by the combination of 1D simulation results 

and a zero-dimensional two-zone thermodynamic 

simulation of the combustion process. So, the model has 

illustrated in two subsections namely; component and 

combustion simulations. The schematic of operating 

model is shown in Figure 2. 
 

 

 
Figure 1. The methodology of this research 

 
Figure 2. Schematic of one-dimensional component model 

with a zero-dimensional combustion sub-model 
 

 

2. 1. Component Simulation            One-dimensional 

simulation needs to solve mass, energy and momentum 

equations, simultaneously. The trapped mass of each 

component is calculated by mass conservation equation 

[32]. The energy equation is expanded in transient form 

using work and convectional heat loss definitions [33] 

and momentum conservation equation is considered 

along with each component [32]. 

�̇�𝑠𝑢𝑏 = ∑ �̇�𝑒 −  ∑ �̇�𝑖  (1) 

𝑑(𝑚𝑒)

𝑑𝑡
= 𝑃

𝑑𝑉

𝑑𝑡
+ ∑ �̇�𝑖𝑖 ℎ𝑖 − ∑ 𝑚𝑒̇𝑒 ℎ𝑒 − ℎ𝑔𝐴(𝑇𝑔𝑎𝑠 −

 𝑇𝑤𝑎𝑙𝑙)  
(2) 

�̇�

𝑑𝑡
=  

𝑑𝑝𝐴+ ∑ 𝑚𝑖̇𝑖 𝑢+ ∑ 𝑚𝑒̇𝑒 𝑢

𝑑𝑥
−

4 𝐶𝑓 
𝜌𝑢2

2
 
𝑑𝑥𝐴

𝐷
 −  𝐶𝑝 (

1

2
𝜌𝑢2)𝐴

𝑑𝑥
  (3) 

In these equations, �̇�𝑖 and �̇�𝑒 are the mass flow rates at 

the entrance and exit of each component which are 

defined as, 

�̇� =  𝜌𝑈𝐴 (4) 

where 𝜌, 𝐴, 𝑈 indicate density, area and velocity of flow. 

Indeed, 𝑃, 𝑉, 𝑒, ℎ, ℎ𝑔, 𝑇𝑔𝑎𝑠 and 𝑇𝑤𝑎𝑙𝑙 in the energy 

equation are pressure, volume, specific internal energy, 

specific enthalpy, convection heat transfer coefficient, 

flow temperature and wall temperature, respectively. 

Convection heat transfer coefficient is described as: 

ℎ𝑔 =
1

2
 𝜌 𝐶𝑓 𝑈𝑒𝑓𝑓  𝐶𝑝 𝑃𝑟−

2

3  (5) 

Here, 𝐶𝑓 , 𝑈𝑒𝑓𝑓 , 𝐶𝑝 and 𝑃𝑟 define friction coefficient, 

effective velocity, specific heat coefficient and  Prandtl 

number, respectively. Considering pipes roughness, the 

friction coefficient is defined by Nikuradse equation [34], 

𝐶𝑓 (𝑟𝑜𝑢𝑔ℎ) =  
0.25

(2 log10(
1𝐷

2ℎ
)+1.74)

0.25  (6) 

where, 𝐷 is the diameter of pipe and ℎ is the height of 

roughness. In the momentum equation, 𝐶𝑝  is pressure 

loss coefficient which is defined as: 

𝐶𝑝 =  
𝑃i− 𝑃e
1

2
 𝜌 𝑈i

  2  (7) 
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Indexes i and e show inlet and outlet conditions. 

 

2. 2. Combustion Simulation          A zero-dimensional 

two-zone thermodynamic model is employed for 

combustion process simulation. The combustion 

chamber is divided into the burned and unburned zones 

and the first law of thermodynamics, ideal gas equation 

of state besides engine geometrical correlations are 

applied on each zone. The schematic of the two-zone 

model is shown in Figure 3. It should be noted that the 

heat transferred between two zones is ignored and it is 

assumed that a proportion of charge, due to the Wiebe 

function, enters the burned zone in each time-step. 

Heat release rate is also defined by the Wiebe 

function which is modified for gasoline blend 

combustion [35] 

𝑥𝑏 = 1 − exp (−𝐸𝑎 (
𝜃−𝜃𝑖𝑔

∆𝜃
)

𝑚+1

)  (8) 

where, 𝑥𝑏, 𝐸𝑎, and  𝜃𝑖𝑔 are the mass fraction of burnt 

fuel, activation energy, and spark time, respectively. 

Energy equation, assuming charge and combustion 

products as the ideal gases and considering SI 

combustion process, can be written as [35]: 

𝑑(𝑀𝐵𝐸𝐵)

𝑑𝜃
+ P

dVB

𝑑𝜃
+ QB = η LHV Mf

𝑑𝑥𝑏

𝑑𝜃
+ ℎ𝑈

𝑑𝑀𝐵

𝑑𝜃
   (9) 

𝑑(𝑀𝑈𝐸𝑈)

𝑑𝜃
+ P

dVU

𝑑𝜃
+ QU = ℎ𝑈

𝑑𝑀𝑈

𝑑𝜃
  (10) 

where, 𝑀, 𝐸, 𝑉, 𝑃, 𝜂, 𝐿𝐻𝑉 , and ℎ are the symbols of 

mass, internal energy, volume, pressure, combustion 

efficiency, the low heating value of fuel, and specific 

enthalpy and the indexed 𝑈 and 𝐵 refer to the unburnt 

and burnt zones. The heat transferred from the unburnt 

zone is equal to 𝑥𝑏𝑄. It is considered as (1 − 𝑥𝑏)𝑄 for 

the burnt zone, where 𝑄 is the total heat transfer from the 

Woschni correlation [36].  

𝑑Q

𝑑𝜃
= ℎ𝑐𝐴𝑐

𝑑𝑇

𝑑𝜃
   (11) 

ℎ𝑐 = 130 𝑃0.8𝑈0.8𝐵−0.2𝑇−0.55  (12) 

Here, 𝐴𝐶, 𝑇, and 𝑈 are the effective area of heat transfer, 
 

 

 
Figure 3. Schematic of two-zone combustion model 

in-cylinder gas temperature, and gas local speed which is 

calculated by the mean piston velocity. It should be noted 

that the temperature of these equations are the mean 

cylinder temperature which is calculated as [35]: 

𝑇 =
𝑥𝑏𝐶𝑣𝐵

𝑇𝐵+(1−𝑥𝑏)𝐶𝑣𝑈
𝑇𝑈 

𝑥𝑏𝐶𝑣𝐵
+(1−𝑥𝑏)𝐶𝑣𝑈

   (13) 

𝐶𝑣 is the specific heat coefficient in constant volume and 

the volume of combustion chamber defined by engine 

geometrical correlation [35].  

𝑉 = 𝑉𝑐 +
𝜋𝐵2

4
(𝑙 − 𝑎 − 𝑎 𝑐𝑜𝑠(𝜃) − √𝑙2 − 𝑎2 𝑠𝑖𝑛2(𝜃))  (14) 

Here, Vc, l, and a are the clearance volume, connecting 

rod length and crank radios, respectively and θ refers to 

the crank angle. The total volume is divided into the two 

burnt and unburnt sections, so the state equation of ideal 

gas for each zone is like; 

𝑃𝑉𝐵

𝑅𝑇𝐵
= 𝑀𝐵 = 𝑥𝑏𝑀𝑡  (15) 

𝑃𝑉𝑈

𝑅𝑇𝑈
= 𝑀𝑈 = (1 − 𝑥𝑏)𝑀𝑡  (16) 

where, 𝑀𝑡 refers to the total trapped mass in the cylinder. 

In addition to the noted correlations, there are some other 

considerations applied to the control volume due to the 

component type, its characteristics and operating 

conditions. Some of them are listed in the following; 

• The velocity, turbulence, pressure loss and other 

features of charge flow would be affected by the 

valve lifting profile. 

• The Continuous Variable Valve Timing (CVVT) is 

adopted from the engine operating map. 

• The losses caused by the injection type would be 

affected by the characteristics of the injector such as 

static injection, dynamic injection, injection 

duration, injection timing, injection angle, and the 

number of nuzzles. In this study, only the effect of 

the number of nuzzles is ignored. 

• The turbocharger is modelled by the own operating 

map which is provided by the producer, so the 

turbine rotational speed, efficiency, power and the 

boosted pressure are calculated by the amount of 

flow passing the turbine blades. 

• The passing flow of turbine blades is controlled by 

the wastegate lifting profile which is adopted from 

the engine operating map. 

• Ignition timing, fuel injected, and equivalence ratio 

are also adopted from the engine operating map. 

• The friction loss of engine components is defined 

due to the engine frictional test.  

• The compressor bypass flow, cyclic variations, 

angle of throttle, added fuel by canister valve, the 

losses by oil pump, water pump, alternator and other 

accessories are ignored due to the kind of 

simulation.  
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3. EXPERIMENTAL SETUP 
 

The experimental tests were carried out in the Irankhodro 

Powertrain Company (IPCO). Two types of Iranian 

national engines, EF7, were available for the 

experimental test: Natural Aspirated (NA) and 

Turbocharged (TC). The main characteristics of the EF7 

engines are reported in Table 2. 

The schematic of the test room is shown in Figure 4 

and also the accuracy of measurement instruments is 

reported in Table 3. Both of the engines are coupled with 

the AVL 220kW dynamometer which is controlled by the 

Puma controling system and able to fix the engine speed 

by 1rpm accuracy. The utilized fuel flow meter, fuel 

temperature control system and blowby meter are 

licenced by the AVL company.  Indeed, the combustion 

process is analyzed separately in the Indicom commercial 

sowftware environment and  the engine actuators are 

generally controled by the other computer; thanks to 

employing open ECU and INCA commercial software. 

The used Horiba gas analyzer brings this opportunity that 

investigates the inlet air characteristics and measuring the 

equivalance ratio, in addition to evaluate the 

concentration of the exhaust gas species.  
 

 

4. VALIDATION 
 

To investigate the EF7 engine performance and also the 

capability of its downsizing, two one-dimensional 
 

 

TABLE 2. The main characteristics of EF7 engines 

Engine name EF7NA [37] EF7TC [38] 

Engine type 4 inline cylinder 

Bore × Stroke 78.6 × 85 mm 

Connection rod length 134.5 mm 

Compression Ratio 11 9.6 

IVC 40  deg aBDC 26  deg aBDC 

Exhaust Valve Opening 

(EVO) 
50 deg bBDC 25 deg bBDC 

Fuel Gasoline 

CVVT Intake --- 

 

 

TABLE 3. Specifications of measurement instruments 

Parameter Accuracy 

In-cylinder Pressure ±0.1 bar 

Engine Speed ±1 rpm 

Crank Angle ±0.1 CAD 

Torque ±0.1 N.m 

Fuel Consumption 0.12% 

Equivalence Ratio ±0.02 

 
Figure 4. Test setup 

 

 

models are provided using described equations at model 

description section within the GT-Power commercial 

software environment. The first model simulates the NA 

engine and the second one is developed to simulate TC 

engine performance.  

The results of simulations for NA and TC engines at 

full load condition are compared with the experimental 

data. It should be noted that, all engine input parameters 

are adopted from the engine operating map. Brake torque, 

power, Mean Effective Pressure (BMEP), Specific Fuel 

Consumption (BSFC) in different engine speeds are 

considered as the main parameters for validation. The 

results for the NA engine showed the mean error of brake 

torque by 5.44%, specific fuel consumption by 2.74% 

and brake power by 4.22% illustrated in Figures 5 to 7. 

Simulated brake power, torque and also in-cylinder 

pressure variation are also compared via experimental 

results for TC engine shown in Figures 8 to 10; which 

show the meanly error of 2.36% for brake power, 2.93% 

for brake torque and acceptable estimation of in-cylinder 

pressure. It should be noted that the experimental result 

for in-cylinder pressure is shown for the 500-cycles 

sample.  

Considering Figures 5 to 10, it would be asserted that 

the provided models are reliable for both EF7NA and TC 
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Figure 5. Simulated brake torque via experimental results 

for EF7NA 

 

 

 
Figure 6. Simulated brake specific fuel consumption via 

experimental results for EF7NA 

 

 

 
Figure 7. Simulated brake power via experimental results 

for EF7NA 

 

engines performance evaluation, and also it can be used 

for feasibility study of downsizing. 

 

 

5. RESULTS AND DISCUSSION 
 
Gasoline fueled EF7NA engine is considered as the base 

engine for downsizing. The main objective of this study 

is to propose a downsized EF7 version employing the  

 

 
Figure 8. Simulated brake power via experimental results 

for EF7TC 

 

 

 
Figure 9. Simulated brake torque via experimental results 

for EF7TC 

 

 

 
Figure 10. Simulated in-cylinder pressure via experimental 

results for EF7TC, N=5500 rpm 

 

 

technology available in Iran. At first, considering the 

gasoline fueled EF7TC engine performance, a 3-cylinder 

gasoline fueled TC engine is introduced as the first 

conceptual version of downsized EF7 called EF7𝛼. In the 

next step, the role of employing different turbochargers 

is investigated to improve the performance of EF7𝛼. 

Finally, to achieve acceptable performance in low speed 

conditions, the effect of employing VVT is also studied. 

The main characteristics of the base engine besides EF7𝛼 

are reported in Table 4. 

0

2

4

6

8

10

12

14

16

18

0

20

40

60

80

100

120

140

160

1500 3500 5500

Er
ro

r 
[%

]

To
rq

u
e 

[N
.m

]

N [rpm]

Sim Exp Error

0

1

2

3

4

5

6

200

250

300

350

1500 3500 5500

Er
ro

r 
[%

]

B
SF

C
 [

g/
kW

.h
]

N [rpm]

Sim Exp Error

0

5

10

15

20

0

20

40

60

80

100

1500 3500 5500

Er
ro

r 
[%

]

P
o

w
er

 [
kW

]

N [rpm]

Sim
Exp
Error

0

1

2

3

4

5

6

7

0

20

40

60

80

100

120

1000 3000 5000

Er
ro

r 
[%

]

P
o

w
er

 [
kW

]

N [rpm]

Sim Exp Error

0

1

2

3

4

5

6

7

8

0

50

100

150

200

250

1000 2000 3000 4000 5000

Er
ro

r 
[%

]

To
rq

u
e 

[N
.m

]

N [rpm]

Sim Exp Error

0

20

40

60

80

-85 15 115

P
re

ss
u

re
 [

b
ar

]

θ [CAD aTDC]

Sim Exp



2143                       M. M. Namar et al. / IJE TRANSACTIONS C: Aspects, Vol. 34, No. 09, (September 2021)  2138-2147                                            

It should be noted that, in this step, the fuel cut-off 

strategy for a cylinder of EF7TC, is applied at the test 

setup to have an estimation of experimental performance 

of the 3-cylinder engine. In this study, the results of this 

strategy are called cylinder deactivated. However, the 

simulations are carried out for both strategies; cylinder 

deactivated and real 3-cylinder mode. 

The concept of EF7𝛼 is adopted by gasoline fueled 

EF7TC engine performance which is compared with NA 

one in Figure 11. As it is shown in Figure 11, the TC 

engine produces brake torque almost 1.33 times more 

than NA one. Consequently, it can be expected that EF7𝛼 

shows the same performance as the considered base 

engine. The results of simulations for both strategies; 

cylinder deactivated and real 3-cylinder mode are 

compared with the base engine shown in Figure 12. The 

results showed the well agreement with the noted 

assertion in case of cylinder deactivated and poor 

performance for 3-cylinder mode before 2800 rpm. The 

main reason of such a behavior is due to the noticeable 

reduction in the flow-rate passing turbine blades in case 

of 3-cylinder mode. However setting the right situation 

of the wastegate (considering the limitations such as 

knock, maximum boost pressure, maximum turbine inlet 

temperature and maximum turbine speed), the EF7𝛼 

provides the same torque as the base engine after 2800 

rpm. The same challenges had been reported in the 

litrature and different sterategies were employed to tacle 

them [24, 26, 28].  

 

 
TABLE 4. The basic data of base and downsized engines 

Engine name Base Engine EF7𝜶 

Engine type 
4 inline cylinder 3 inline cylinder 

NA TC 

Bore × Stroke 78.6 × 85 mm 

Connection rod length 134.5 mm 

Compression ratio 11 9.6 

Fuel gasoline 

CVVT Intake Intake, Exhaust 

 

 

 
Figure 11. Brake torque comparison, EF7TC via EF7NA 

 
Figure 12. Brake torque comparison, EF7𝛼 via base engine 

 

 

Due to the Figure 12, it is obvious that to achieve 

better performance at low speed conditions, employing 

the turbocharger well-matched with EF7𝛼, is needed. To 

achieve this aim, a turbo-matching study is carried out 

based on the common turbochargers of Iran markets 

which are able to be installed on EF7. The basic 

information of investigated turbochargers is reported in 

Table 5. The operating maps of these turbochargers are 

applied to the model and the results are compared in 

Figure 13. Looking more detail in Figure 13, it can be 

asserted that from the investigated turbochargers, the F-

Diesel one has the best performance matching with EF7𝛼 

which shifts the engine acceptable performance from 

>2800 rpm to >1900 rpm.  

Although using the F-Diesel turbocharger the 

performance of EF7𝛼 seems a better situation, the 

performance enhancement between 1000 to 1900 rpm is 

still needed. To achieve this aim, employing VVT 

technology can be considered as a promising solution. 

Consequently, the VVT sweep is carried out before 2000 

rpm thanks to the ability of provided numerical model. In 

this approach dual CVVT is applied to the model and 

finally the best valve timing for each speed selected based 

on the maximum torque and minimum BSFC. The swept 

CVVTs at 1500 rpm are reported in Table 6. The 

candidate positions have shaded table cells and the 

desired CVVT are underlined in the table. The engine 

 

 
TABLE 5. The information of investigated turbochargers 

Case Company Model Base Installed Engine 

TC#1 Fuyuan JEF7-3B 
EF7TC, Commercial 

(Gasoline Fueled) 

TC#2 

Honeywell 

C44-T79 
EF7TC, Mule (Bi-

Fueled) 

TC#3 C46-T79 
EF7TC, Mule (CNG 

Dedicated) 

TC#4 F-Diesel FD159-A016 
EF7TC+, Mule 

(Gasoline Fueled) 
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Figure 13. Brake torque comparison, EF7𝛼  with deferent 

turbochargers via base engine 

 

 

behaivour shown in Table 6 is affected by different 

controling/limiting parameteres such as volumetric 

efficiency, real compression ratio, knock, spark timing, 

turbine inlet maximum temperature, turbine maximum 

rotational speed, maximum pressure/temperature in inlet 

port and allowed range of equvalance ratio. Although, 

each of these parameters may be the limitting issue to 

achive more torque in a certain case, but in general, the 

main cause of such a behavoiur is the variations of 

volumetric efficiency and real compression ratio due to 

the valve overlap increase. As an expample the trend of 

volumetric efficiecy variation due to the change in CVVT 

shown in Figure 14, is the same of reported torque in 

Table 6. However, gained torque is affected by the other 

noted parameters simultaneously. The results of 

employing desired CVVT at the lwo speed conditions are 

shown in Figure 15, and it is clear that the provided 

torque of EF7𝛼 using optimum VVT and well-matched 

turbocharger is at least the same as the base engine. 

However, the provided torque at 1000 rpm is still 

estimated 7.01% lower than the base engine which is 

acceptable for a downsized engine [21]. 

The comparison of brake power is also shown the 

same trend for EF7𝛼, and the engine is able to provide at 

least the same power as the base engine after 1500 rpm. 

However, the provided power at 1000 rpm is still 

estimated 4.5 kW lower than the base engine, as shown 

in Figure 16. 

BMEP and BSFC of EF7𝛼 are also compared with the 

base engine, shown in Figures 17 and 18. It is obvious in 

both figures that the performance of EF7𝛼 in real 3-

cylinder mode covers the base engine while there are 

significant differences for cylinder deactivated approach 

(32.5% decrease in BMEP and 57% increase in BSFC). 

These are related to the definition of these parameters that 

 

 

TABLE 6. The swept CVVTs, and definition of desired VVT at 1500 rpm 

 

Exhaust=0 Exhaust=-17 Exhaust=-33 Exhaust=-52 

Torque 

[N.m] 

BSFC 

[g/kW.h] 

Torque 

[N.m] 

BSFC 

[g/kW.h] 

Torque 

[N.m] 

BSFC 

[g/kW.h] 

Torque 

[N.m] 

BSFC 

[g/kW.h] 

Intake =0 100.8 246.5 100.9 227.4 92.2 228.4 80.0 236.3 

Intake =15 115.5 267.8 117.7 259.4 105.7 258.2 119.9 271.6 

Intake =30 109.0 247.7 116.7 259.8 136.8 277.7 142.2 354.7 

Intake =45 107.4 260.7 127.7 276.4 144.3 335.4 88.5 376.0 

Intake =60 98.3 238.1 124.4 279.3 98.1 355.7 75.1 302.0 

*CVVT Intake=0, Exhaust=0 is referred to the lock position which means no overlap for valve timing 

 

 

 
Figure 14. Volumetric efficiency variation via CVVT 

 
Figure 15. Brake torque comparison, EF7𝛼 with 

turbocharger and CVVT via base engine 
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Figure 16. Brake power comparison, EF7𝛼  via base engine 

 

 

the reduction in fuel consumption is occurred just for a 

cylinder while the power loss increased by the frictional 

and pumping losses of the deactivated cylinder. Further 

than the lack of pumping loss of the deactivated cylinder, 

the frictional and inertial resistances due to the engine 

components such as camshaft are also removed in real 3-

cylinder mode. Similarly, the effect of distance-volume 

reduction is not applied in cylinder deactivated approach.  

 

 

 

 
Figure 17. BMEP comparison, EF7𝛼  via base engine 

 

 

 
Figure 18. BSFC comparison, EF7𝛼  via base engine 

6. CONCLUSION 
 

In this research the Iranian engine EF7NA is evaluated 

for 25% downsizing. Cylinder reduction besides using 

boost technologies namely; turbocharger and CVVT is 

the main employed strategy for this research. To 

investigate the downsized engine performance, two one-

dimensional models equipped with a two-zone 

combustion sub-model and an experimental test cell are 

employed which are able to apply different strategies of 

this work. The main results are listed as follow: 

• Provided models have enough accuracy to 

investigate the full load operation of both; NA and 

TC engines. 

• Provided models are able to estimate the effect of 

using CVVT and different turbochargers . 

• Both strategies; cylinder deactivation and cylinder 

reduction are applicable in the provided models . 

• The 3-cylinder strategy employing F-Diesel as the 

well-matched turbocharger and CVVT can cover all 

the requirements as the downsized engine . 

• EF7α can be introduced as the first generation of 

Iranian downsized engine. 
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Persian Abstract 

 چکیده 
باشد. در این پژوهش موتور ملی تفس  کوچک سازی ابعادی به عنوان یک روش پذیرفته شده برای کاهش سوخت مصرفی و آلایندگی موتورهای احتراق داخلی مطرح می

ور از یک مدل عددی یک بعدی به عنوان هدف کوچک سازی ابعادی انتخاب شده و در راستای ارائه یک نسخه ابعاد کوچک از آن تلاش شده است. بدین منظ  EF7طبیعی  

ها را  های مختلف شامل افزودن توربوشارژر، غیرفعال سازی یک سیلندر، حذف یک سیلندر و همچنین زمانبندی متغییر سوپاپ موتور استفاده شده که قابلیت اعمال استراتژی

های تنفس طبیعی، توربوشارژ و یک سیلندر غیر فعال شده ملکرد موتور در حالتدارد. به علاوه، به منظور صحت سنجی نتایج مدل، از یک بستر آزمایشگاهی جهت بررسی ع

توربوشارژره ازای بکارگیری  پایین، تحلیل عملکرد موتور در  ابعاد کوچک در دورهای  به منظور جبران ضعف عملکردی موتور  ای مختلف و همچنین  استفاده شده است. 

ها یج بدست آمده حاکی از آن است که موتور ابعاد کوچک معرفی شده، با بکارگیری توربوشارژر و زمانبندی بهینه سوپاپ ها صورت پذیرفته و نتازمانبندی مختلف سوپاپ 

 باشد. دور بر دقیقه می 1000درصد و در دور  7تواند گشتاوری معادل موتور پایه را ارئه دهد. حداکثر اختلاف گشتاور ارائه شده بربر با می
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