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Steady-Flow Characteristics and Its Influence on Spray for 
Direct Injection Diesel Engine 

Seung-hwan Choi, Chung-hwan Jeon*, Young-june Chang 
School o f  Mechanical Engineering, Pusan National University San30, ChangJun-Dong, 

KumJeong-  Ku, Pusan 609-735, Korea 

Flow and spray characteristics are critical factors that affect the performance and exhaust 

emissions of a direct injection diesel engine. It is well known that the swirl control system is one 

of the useful ways to improve the fuel consumption and emission reduction rate in a diesel 

engine. However, until now there have only been a few studies on the effect of flow on spray. 

Because of this, the relationship between the flow pattern in the cylinder and its influence on the 

behavior of the spray is in need of investigation. First, in-cylinder flow distributions for 4-valve 

cylinder head of DI (Direct Injection) Diesel engine were investigated under steady-state 

conditions for different SCV (Swirl Control Valve) opening angles using a steady flow rig and 

2-D LDV (Laser Doppler Velocimetry). It was found that swirl flow was more dominant than 

that of tumble in the experimented engine. In addition, the in-cylinder flow was quantified in 

terms of swirl/tumble ratio and mean flow coefficient. As the SCV opening angle was increased, 

high swirl ratios more than 3.0 were obtained in the case of SCV -70 ~ and 90 ~ Second, spray 

characteristics of the intermittent injection were investigated by a PDA (Phase Doppler 

Anemometer) system. A Time Dividing Method (TDM) was used to analyze the microscopic 

spray characteristics. It was found that the atomization characteristics such as velocity and SMD 

(Sauter Mean Diameter) of the spray were affected by the in-cylinder swirl ratio. As a result, 

it was concluded that the swirl ratio improves atomization characteristics uniformly. 

Key W o r d s : D l  (Direct Injection) Diesel Engine, SCV (Swirl Control Valve), LDV (Laser 

Doppler Velocimetry), PDA (Phase Doppler Anemometer), TDM (Time Divi- 

ding Method) 

I. Introduct ion  

The government has been imposing stricter diesel 

fuel efficiency standards to reduce carbon dioxide, 

NOx and other particulate emissions. Owing to 

the regulation on CO2 emissions-for example the 

climate change convention-an engine needs to be 

developed that improves the reduction rate of the 

exhaust emission and specific fuel consumption 
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simultaneously. Many of the technically advanced 

countries and automobile makers have been 

considering small DI (direct injection) diesel 

engines as one of the most suitable technologies 

(Hikosaka, 1997 ; Pischinger, 1998). One of the 

key technologies in DI diesel engines is to match 

fuel injection with proper in-cylinder swirl level, 

which is still being developed through much re- 

search (Ogawa et al., 1996). For an injector with 

several nozzle holes, relatively low swirl levels are 

sufficient to mix the fuel spray efficiently with the 

air. This is an advantage of the DI diesel engine 

over IDI (in-direct injection) diesel engines that 

need a high swirl level. To improve the reduction 

rate of the specific fuel consumption and emis- 

sions by controlling the swirl generation level 
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using an SCV (swirl control  valve) ,  it is of  much 

interest to understand the flow pattern in the 

cylinder and its influence on the behavior  of  the 

spray. 

The purpose of  this study is to find out the 

relat ionship between the spray and flow patterns, 

and the effect of  flow on the behavior  of  the 

spray. First, a steady-state rig test is conducted 

with an SCV (Lee et al., 1993; Furuno  et al., 

1990) to find parameters such as swirl ratio and 

the flow pattern in the cylinder (Snauwaert  et al., 

1986; Urushihara  et al., 1995). On this basis, 

swirl flow field is visualized by 2 D - L D V ,  and 

then the spray characteristics are analyzed using 

the PDA method (Quoc et al., 1994 ; lshima et al., 

1997; Giorg io  et al., 1995). 

Table 1 Engine specification 

Type Direct injection diesel 

Cylinder arrangement and In-line, 4 cylinders 
number I 

Combustion chamber Re -ENTRANT 

Valve system 4 valve DOHC 

Displacement (cc) 2902 

Bore• (mm) 97.1 • 

2. Experimental Procedure 

2.1 Text engine and SCV's shape 
The steady-state experiments were performed 

with a direct injection diesel engine and the en- 

gine specifications are listed in Table  1. The 

intake ports consisted of  two different ports : the 

tangential  port and the helical port. The  swir l -  

type SCV was installed in the tangential  port side 

to control  swirl ratio by varying the flow rate. 

Tile geometry and defini t ion o f  the SCV opening 

angles are shown in Fig. 1. The  SCV was con- 

trolled by the step with the unit of  10 ~ 

The wide -open  condi t ion  of  the SCV was 

defined as 0 ~ and control led by the incremental  

step of  10 ~ that is, SCV 4-90 ~ denotes the close of  

the tangential  port  with the SCV. The reference 

state represented as the "Base"  was taken without  

the SCV to compare  with the SCV 0 ~ This 

experiment was performed with different SCV 

angles. The intake valve lifts were changed up to 

9mm by the increment of  1.5mm. 

2.2 Steady-state flow experiment 
The schematic d iagram of the steady-state test 

rig and 2 D - L D V  experiments is illustrated in 

Fig. 2. T w o  compressors  with a capacity of  520 

l /m in  were used to induce the intake air, and the 

flow rate was measured by the laminar  flow meter 

with a capacity o f  160 C F M  (fta/min).  

Fig. 1 Geometry and definition of SCV opening 

angle 

Fig, 2 Schematic diagram of steady-state test rig and 

2D-LDV experiments 

The intensity of  swirling motion was converted 

to impulse torque using a swirl impulse meter, 

which was used to evaluate the flow coefficient 

( C j ) ,  and non- r ig  swi r l / tumble  ratio ( N R s . t ) ,  

mean flow coefficient (C~,), and swi r l / tumble  

ratio (Rs. t ) .  The definit ions of  each parameter  

are as follows (Arcoumanis  et al.. 1989: Stone et 

al., 1992): 

0 
C~=A V ~ (l) 

8r  (2) 
NR~, t - YnB Vo 
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. . . .  (3) 

Lo f~;2C/NRs.tda ' 
Rs, t - -  (4) 

BS 
L v =  (5) 

Nodg 

where ~) is the volume flow rate (m3/s), A is the 

area of  the intake port (mZ), V0 is the maximum 

velocity through the intake port (rn/s) ,  r is an 

impulse meter torque ( N . m ) ,  rh is a mass flow 

rate (kg/s ) ,  B is bore diameter  (m),  S is the 

stroke (m),  at is the intake valve open angle 

(radian) ,  0'2 is the intake valve close angle 

(radian) ,  N,, is the number  of  valves, dv is the 

"Fable 2 Specification of LDV system 
| 

Items Units Green beam/Blue beam 

Wavelength nm [ 514.5 / 4 8 8 . 0 t  

F~_oc_al length J mm 310.0 / 310.0 

Beam separation t mm ~ _  72.0 

Half angle of I 
intersecting beams! deg. 6.78 6.78 

Fringe spacing ,urn 2.23 2.12 

35 35 Number of fringe 

Delta x [mm] 0.171 0.162 

Probe volume 
dimensions 

Delta 3' [mml 0.170 0.161 

Delta z [mm] 0.470 0.394 

minimum valve diameter  (m),  and LD is a shape 

factor including bore diameter,  stroke, number  of  

valves and min imum valve diameter. 

The 2 D - L D V  system was composed of  a 5W 

A t - i o n  laser, fiber optics, 3D traverse, signal 

processors and a data acquisi t ion system. An 

LDV measurement based on the burst spectrum 

analyzer as signal processor was accomplished by 

backward scattering mode where local length of  

the Ibcal lens was 310mm. A1203 particles of  l,um 

were seeded into the cylinder. The data acquisi- 

tion system consisted of  a BSA(Burst  Spectrum 

Analyzer)  and an IBM PC 586 through a GP1B 

interlace. The specification of  the LDV system is 

shown in Table  2. 

Experiments for the effect of  swirl flow inter- 

action on spray characteristics were performed 

with the PDA system shown in Fig. 3. The 

cylinder head was rotated by 90(i to see the effect 

of  flow on the spray, and the fuel was injected 

into the cylinder. The fuel supplying pump. 

whose speed was detected by the encoder,  was 

operated simultaneously with the PDA processor. 

The specification of  the P D A  system is shown in 

Table  3 and Table  4. 

Only a single spray among the 6-hole  VCO 

(Valve Closed Orifice) nozzle was measured by 

the PDA system. This nozzle was operated with 

two springs. The first opening pressure was 218 

bar and the second opening pressure 324 bar. 

Figure 4 shows the behavior  of  pressure and 

needle lift with time. In this case, the revolut ion 

Fig. 3 Schematic diagram of PDA experiment 

"Fable 3 Specification of transmitting optics 

Items Units 

Fringe spacing /an 

Value 

4.4378 

Number of fringes 34 

Delta x mm 0.1506 

Delta 3" mm 0.1504 

Delta z mm 2.5950 

Wave length nm 514.5 

Gaussian beam diameter mm 1.35 

Beam collimator exp. I 

Beam expander exp. I 

Beam separation mm 36 

Lens focal length mm 310 
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Table 4 Specification of receiving optics 

Items 

Maximum diameter 

Units Value 

/zm 80.773 

1.0 Angle adjustment mm 

Scattering angle deg. 45 

Lens focal length mm 310 

Polarization angle deg. 0 

Direction of fringe motion Positive 

Particle/medium refraction 
1.46 

indexes 

Polarization orientation (transmitter) Parallel 

Fringe rotation angle, deg. 0 

Optical frequency shift. MHz 40 

Doppler frequency MHz 36 
bandwidth 

0.20 

o . lo  ,~ ; 
/ 

" s 
o.oo 

z I i I 

. •  
300 

~oo 

, I I I I 

-4 - I  0 2 4 

Time, T ( m s )  

Fig. 4 Variation of pressure and needle lift with the 

time at 400 rpm 

of  the plunger pump was 400 rpm, therefore the 

revolut ion of  the engine was 800 rpm. The injec- 

tion durat ion was about  2 ms, maximum pressure 

was 400 bar and the maximum needle lift was 

0.17 mm. 

To  improve the experimental  accuracy of  the 

6 -ho le  VCO nozzle, the experiment  had to be 

carried out using only one hole. Unfortunately,  

there were interactions with the droplets injected 

from the 6 holes. This  brought  about  several pro- 

blems such as the decrease of  experimental  accu- 

racy and val idat ion plus lens contaminat ion  pro- 

blems. So in this study, the V C O  nozzle cap was 

modified to investigate only a single hole among 

the 6 holes. The nozzle cap is shown in Fig. 5. 

t 

I - -  
I 

3O 

2~  

i 
�9 7 i 

r 

,!~-1 4 /  

Fig. 5 Drawing the VCO nozzle cap 

2.3 E m e x p e r i m e n t a l  condit ion 

Swirl strength was acquired by the constant 

differential pressure method, and the swirl im- 

pulse meter was installed at the posit ion of  

1 .75•  diameter  down the cylinder head 

(Arcoumanis  et al., 1989). Tumble  intensity was 

obtained using a L- type  induct ion tube to 

transform the tumble flow into swirl flow. The 

tumble measurement  locat ion was determined at 

the posit ion of  3 •  diameter. To determine 

the measurement  locations, the particles '  trajec- 

tory, which was obtained to reveal overall  

behavior  of  swirl flow, was acquired as shown in 

Fig. 6. Analysis  of  the swirl using the 2 -D  LDV 

was accomplished at the two planes, which were 

selected to be 40 mm and 100 mm away tu the 

cylinder head, based on the particles '  trajectory. 

The SCV opening angles were selected as 0 ~ 

50 ~ , -70 ~ and 90 ~ from the result of  the s teady- 

state rig test. Swirl flow was measured at 57 

points, every 10 mm distance from the center of  

the section. The P D A  experiment was conducted 

under flow and non- f low condi t ions  in terms of  

SCV opening angles and the number  of  mea- 

surement data was 12,000 at every point. Accord-  

ing to Lefebvre (1989), to achieve a reasonably 

accurate estimate of  spray quality, it is necessary 

to measure about  5,500 drops, as this results in 
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a 95% confidence limit. So it can be concluded 

that the accuracy of  the P D A  experiments is over 

95%. 

3. Results and Discussion 
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3 . 1  S t e a d y - s t a t e  f l o w  

Figure 7 shows a correlat ion between the mean 

flow coefficients and the swirl ratios. In the 

"Base" case, the value of  the mean flow coefficient 

is 3% larger than that of  the SCV 0 ~ case. As the 

SCV opening angle increases, the value of  the 

swirl ratio becomes larger and is contained within 

a range of  2.3--3.8. According  to the results of  

Made et. al., (1998) the range of  the swirl ratio 

for mainta ining a stable engine performance is 

3 - - 4  in a high rpm region. In this experiment,  the 

swirl ratios that satisfied these criteria are above 

the SCV 60 ~ The mean flow coefficient is found 

to be in an inverse propor t iona l  relat ionship to 

the swirl ratio. This means that as the opening 

ratio of  the SCV is decreased, the swirl generat ion 

capabili ty is increased. F rom this result, the swirl 

ratio is confirmed in an t rade-of f  relation to the 

mean flow coefficient. 

Figure 8 shows the correlat ion between the 

mean flow coefficient and the tumble ratio. The  

mean flow coefficient has the largest value in the 

base case, and also has almost the same values as 

the SCV angle signs. The tumble ratio is much 

lower than that of  the swirl ratio by about 10% 

since the SCV installed on the tangential  port is 

tbcused on intensifying the swirl flow in two 

different ports system. Due to this result, further 

studies should be conducted on swirl flow. 

3 . 2  F l o w  c h a r a c t e r i s t i c s  

Analysis of  the swirl flow using 2 D - L D V  was 

conducted at the two planes. The  selected cross 

sections were the planes 40 mm and 100 mm away 

from the cylinder head as shown in Fig. 6. 

Figure 9 illustrates the velocity distr ibution of  
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the cross-sect ional  flow field in the cases of  

SCV 0 ~ (swirl ratio 2.4), SCV 50 ~ (2.8), SCV 

-70 ~ /.3.2) and SCV 90 ~ (3.8). The  first two 

graphs in the case of  SCV 0 ~ represent the results 

of  raw velocity data measured by 2 D - L D V .  The 

others are the results o f  interpolat ion of  the two 

velocity data by the inverse distance method. 

Figure 9(d) and 9(e) are the results of  SCV 

-70 ~ and SCV 90 ~ with the swirl ratio over  3.0, 

respectively. In cross-sect ion 1, which is 40 mm 

apart from the top of  the cylinder head, the swirl 

mot ion is weakly developed in a comparably  

early stage, but it is tully developed in cross-  

section 2 100 mm farther down. Especial ly in 

cross-sect ion 2 with SCV 90 ~ the center of  swirl 

is located in the near center of  the cylinder. In the 

cases of  SCV 0 ~ and SCV 50 ~ the swirl flow is 

formed early at section 1, but it does not develop 

any further. In these cases, the swirl ratios are 

lower than those of  other cases but the flow 

coefficients are relatively high. For  this reason, 

velocity magnitudes are illustrated largely in the 

measurement  point. 

Due to the rigid body rotat ion induced by the 

higher swirl flow, its axis slightly moves from 

near the intake ports to the central axis of  the 

cylinder down stream, which seems to become the 

source of  turbulence at the end of  the compression 

(Kang et al., 1999). 

To quantify the mean velocity of  each section, 

the values of  each velocity are averaged for SCV 

opening angles as shown in Fig. I0. Before the 

calculat ion was performed, it was thought  that 

the mean velocity of  section 1 would  have a larger 

value than that of  section 2. But it was found that 

the mean velocity of  section 1 has a lower value 

than that of  section 2 in all cases. Actually,  the 

flow is rapidly induced through the intake ports 

and then enters the cylinder in the form of swirl 

or tumble depending on the conf igurat ion of  the 

intake ports and the existence of  SCV. When the 

flow passes through the upper section, it does not 

yet swirl. However ,  as the flow goes downstream, 

it seems to perform stronger swirls than that of  the 

upper section. In addit ion,  the result is in good 

accordance with the magnitude of  the velocity 

vector shown in Fig. 9. As the SCV opening ratio 

is increased, it is observed that the mean velocity 

becomes smaller without  regard to the cross-sec- 

tions. This result is well consistent with the rela- 

t ionship between the swirl ratio and the mean 

flow coefficient as ment ioned in Fig. 7. 

8 

E 

,.d 

Fig. 9 Swirl flow patterns for different SCV opening 

angles Fig.  10 
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Fig. 11 Distribution of non-dimensional turbulence intensity 

Figure 11 shows the contour  of  turbulence 

intensity, which is the ratio of  r.m.s, of  velocity to 

each velocity at 1,024 interpolated points. In the 

figure, the label of  'X pixel '  denotes the intake 

valve side as shown in Fig. 12. In all cases except 

SCV 90 ~ at cross-section 1, the locations that 

have high turbulence intensity only exist in the 

downward  region of  the intake valve a n d / o r  ex- 

haust valve. Fur thermore  the region of  turbulence 

intensity level over  1 is more widely dispersed in 

section 1 than that in the section 2. This  means 

that cross-sect ion 2 has a more stable swirl struc- 

ture compared  to section 1. 

It is important  to know the velocity distr ibution 

in the flow field, so non-d imens iona l  velocity is 

defined as 
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Fig. 13 Distribution of non-dimensional  velocity fluctuation 
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Figure 13 shows the distr ibution of  non-  

dimensional  velocity for each condit ion.  When 

the value of  non-d imens iona l  velocity is larger 

than 0, this means the local velocity has a higher 

value than that of  mean velocity. So the value of  

0 means that the local velocity and the mean 

velocity have the same value. The  solid contour  

line indicates that the non-d imens iona l  velocity is 

zero. In cross-sect ion l, high non-d imens iona l  

velocity is concentrated in special regions, espe- 

cially the wall region. But in cross-sect ion 2, the 

values are wide compared to section 1 al though 

the values are somewhat  lower. F r o m  this result it 

is confirmed that a more stable swirl structure is 

observed in section 2 compared  to the upper 

section once again�9 

3 . 3  S p a r y  c h a r a c t e r i s t i c s  

In the P D A  experiment,  the high voltage power  

supply for each P M T  (photo-mul t ip l i e r  tube) is a 

very important  factor. The high voltage can be set 
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from 0 to 20,000V in 8V increments. Generally, 

when the voltage is reduced, the transit time in the 

PMT will increase and thus cause phase errors 

resulting in incorrect measurements of the size; 

spherical particles may be rejected as being non-  

spherical. So, as the high voltage is increased, the 

result of the SMD (Sauter mean diameter) is 

smaller than that of its actual size. 

To decide on optimal high voltage, the effects 

of high voltage on the characteristics of spray 

from 1,100 to 1,600V in 100V increments was 

investigated. The measurement location is 30mm 

downstream from the nozzle tip. Figure 14 shows 

the effect of high voltage on the data rate, average 

velocity and SMD. In the case of data rate, as 

high voltage is increased, it increases from 1,100 

to 1,400V, and alter 1,400V it changes very little. 

In the case of average velocity and SMD, it 

decreases rapidly until 1,400V and then decreases 

slowly. As mentioned above, it is confirmed that 

the high voltage has an inverse proporti- 

onal relationship to the SMD. In addition, above 

1,400V, the average velocity and SMD are not 

affected by the value of high voltage. So in this 

experiment, high voltage was determined to be 

about 1,400V. 

First, the experiment is carried out under non-  

flow conditions in which it has meaning as the 

reference value for the flow condition experiment. 

The time dividing method (TD.M.) is applied to 

evaluate the intermittent spray as shown in Fig. 

15. This method is needed to define the phase 

duration t0.5 where the velocity of droplets is 

larger than the half value of the maximum. The 

t0.5 is divided equally into 3 parts where each part 

is represented by the fore (F), central (C) and 

rear (R) parts, in turn. The central part includes 

the largest velocity of droplets. After that, the tail 

(T) part with three times the duration of the t0.5 

is determined, and the rest of the time is the wake 

(W) part. Dividing the intervals of intermittent 

spray like F, C, R, T, and W has the advantage of 

getting information about velocity and droplet 

size at the narrower crank angle interval. 

Figure 16 shows the correlation between veloc- 

ity and droplet size at 130 mm down stream of the 

nozzle at 400 rpm of the injection pump in the 
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case of non-flow conditions. Figure 16(a) is the 

fore part in which velocity and droplet diameter 

have widely distributed values compared to Figs. 

16(b) -- (e). It could be considered as an early 

stage of injection. Figure 16(b) is the central part 

in which velocity has a large value but droplet 

diameter is somewhat small because it could be 

regarded as the mid-stage of injection at the most 

vigorous time. The velocity is inclined to decrease 

slightly in the rear part (c) which is the end stage 

of injection. Figure 16(d) is the tail part just 

after injection is finished. The velocity becomes 

quite lower than before and characteristics of 

atomization get better. Figure 16(e) is the wake 

part which has droplets with a velocity close to 

zero and a broad distribution of large droplet 

diameters. Figure 16(t") sums up all temporal 

parts. 

The influences of swirl flow on atomization are 

covered with the flow condition at SCV angle 0 ~ 

50 ~ -70 ~ and 90 ~ . Figure 17 is the result that is 

analyzed by TDM with SCV 90 ~ at 400rpm. 

Figure 17(1) is the total result. There is no differ- 

ence to Fig. 16(f). But the result of each 

part gives different aspects to non-flow con- 

ditions. In the fore part (a), droplets have lower 

velocity contrary to the non-flow. That is the 

reason why the swirl flow has an effect on the 

injected droplets : the droplets lose their own 

momentum as they interact with the swirl flow. 

The central (b) and rear(c) parts have a similar 

tendency, but the droplets with flow in (d) and 

(e) have a wide range of velocities, which contain 

low velocities and large droplets. 

The mean velocity change of with/without flow 

through the whole injection time is shown in 

Fig. 18. During the injection timing, droplets 

under non-flow conditions have large velocity 

values, especially the central part which has the 

highest velocity. After the injections, they have 

very low velocities because pressure momentum 

was not provided against air drag. The mean 

value of velocity with flow conditions shows tot- 

ally different patterns against non-flow con- 

ditions. The values are within some ranges along 

the whole of the parts. Also the velocity along the 

temporal part was moderated by the swirl flow. 

Ltd. 
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F igure  19 shows the S M D  of  each t empora l  

par t  in the in te rmi t ten t  spray. Genera l ly ,  w i thou t  

flow, the drople t s  have  a b road  S M D  d i s t r ibu t ion  

by the  col l i s ion mechan i sm which  displays  h igh 

velocity m o m e n t u m  charac ter is t ics  in the ear ly 

stage of  inject ion.  W h e n  the in jec t ion  is f inished,  

the S M D  becomes  a smal l  va lue  by the effects of  

the amb ien t  gas en t ra inment .  C o n t r a r y  to n o - f l o w  

cases, the S M D  difference unde r  f low cond i t ions  

existed wi th in  a 1 - -2  /zm range  regardless  of  the 

t empora l  par t  in each SCV angle. In add i t ion ,  the 

velocity and  S M D  differences a long  the  t empora l  
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optimal value was determined to be 1,400 V. The 

spray characteristics were analyzed by using a 

time dividing method. The total relationship be- 

tween droplet diameter and velocity is not differ- 

ent between cases of with and without flow 

conditions. However the result of each part gives 

different aspects. The velocity and SMD difference 

along the temporal part are moderated by the 

swirl flow, and the swirl ratio improves the 

atomization characteristics uniformly. 

R e f e r e n c e s  

part were moderated by the swirl flow. From 

these results, it is concluded that the swirl ratio 

improves atomization uniformly. 

4. Conclus ion 

The steady-flow characteristics of a DI diesel 

engine were analyzed through changes of opening 

angles of a SCV mounted on two independent 

intake ports. On this basis, the experiments 

utilizing 2D-LDV for flow and PDA measure- 

ment for spray were performed to derive the 

following: 

(1) As an SCV opening angle increases in the 

tangential port, the swirl ratio decreases and it is 

contained within a range from 2.3 to 3.8 in a 

steady-state rig test. High swirl ratios more than 

3.0 can be obtained in the case of SCV -70 ~ and 

90 ~ But the tumble ratio is contained within a 

very small range such as --0.3--0.5. 

(2) Based on the results of the swirl ratio, 2D 

visualization was conducted for 4 different SCV 

angles by using a 2D-LDV system. In the case of 

high swirl conditions over 3.0 (SCV -70 ~ and 

90~ the swirl motion is not readily found in 

cross-section 1, but it is fully developed in cross- 

section 2. Especially in the case of SCV 90 ~ the 
center of swirl is located in the near center of the 

cylinder in cross-section 2, and it seems to be- 

come the source of turbulence at the end of 

compression 

(3) In the PDA experiment, it was found that 

high voltage is a very important factor and an 
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