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boiling point of a fuel. Pressure sensor and thermocou-
ples were installed to the chamber. The picture of the 
sampled gas chamber is indicated in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 shows the measured points of gas sampling. 
Points A~C are on the center-line of the passage while 
D,B, E are points on a vertical line. 
 
2-2. EXPERIMENTAL PROCEDURE
The evaporated mixture's concentration was measured 
by the following procedure; (1) evacuate the chamber, 
(2) start injections of fuel from PFI injector and gas 
sampling, (3) charge N2 into the chamber to measure 
the mixture concentration using a FID. 
Table 1 indicates experimental conditions. Two kinds 
of fuel with different boiling points were used.  
 
 
 

 
 
 
EXPERIMENTAL RESULTS
3-1. SPATIAL DISTRIBUTION
Figures 6~11 show the temporal changes of local equiv-
alence ratio with varying flow velocity, gas tempera-
ture or fuel. Figures 6, 8, 9 and 11 indicate that a richer 
mixture was found at closer position to the injector. A 
direct photograph of spray with n-heptane, velocity 60 
m/s and gas temperature of 25 C at 7.5 ms after start 
of injection (ASOI) is shown at Fig. 12(a). The picture 
indicates liquid fuel in white and the area of liquid ex-
pands and the intensity becomes weak in the down-
stream because the injected fuel diffuses in the pas-
sage. As a result, the richer mixture was found at 
closer positions to the injector.  

Fuel (Boiling temperature [C]) 
i-pentane (28) 
n-heptane (98) 

Cross wind velocity [m/s] 40, 60 

Temperature of flow path [C] 25, 60, 90 

Fuel pressure [MPa] 0.3 

Injector 4-holes for PFI 

Injection/Sampling frequency [Hz] 2 

Injection duration [ms] 15 

Sampling duration [ms] 3.3 

Sample start time (ASOI) [ms] 0, 5, 7.5, 10, 15, 20, 40 Fig.4 Picture of the sampled gas chamber

Fig.5 Measured points of gas sampling

(a) side view

(b) top view

Fig.3 Schematics of gas sampling system

Table 1: Experimental conditions
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 Fig.12 Pictures of spray 

(a):  n-heptane, 60 m/s, 25 C, 7.5 ms (b):  n-heptane, 40 m/s, 60 C, 7.5 ms 

(c):  i-pentane, 40 m/s, 60 C, 7.5 ms 

Fig.6 Equivalent ratio (n-heptane, 40 m/s) 

Fig.7 Equivalent ratio (n-heptane, 40 m/s) 

Fig.8 Equivalent ratio (n-heptane, 60 m/s) 

Fig.9 Equivalent ratio (i-pentane, 40 m/s) 

Fig.10 Equivalent ratio (i-pentane, 40 m/s) 

Fig.11 Equivalent ratio (i-pentane, 60 m/s) 
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Fig.13 Equivalent ratio (n-heptane, 25 C) 

Fig.14 Equivalent ratio (n-heptane, 60 C) 

Fig.15 Equivalent ratio (i-pentane, 60 C) 

Fig.16 Spray picture (n-heptane, 40 m/s, 60 C, 7.5 ms) 

Fig.17 Spray picture (n-heptane, 60 m/s, 60 C, 7.5 ms) 

Fig.18 Equivalent ratio (n-heptane, 40 m/s) 

Fig.19 Equivalent ratio (n-heptane, 60 m/s) 

Fig.20 Passages of evaporated fuel and liquid fuel 

B

D

E
40 m/s,90 C, 7.5 ms

Evaporated fuel

Liquid fuel
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Fig.21 Equivalent ratio (i-pentane, 40 m/s) 

Fig.22 Spray picture (n-heptane, 40 m/s, 25 C, 7.5 ms) 

Fig.23 Spray picture (n-heptane, 40 m/s, 60 C, 7.5 ms) 

Fig.24 Spray picture (n-heptane, 40 m/s, 90 C, 7.5 ms) 

Fig.25 Spray picture (i-pentane, 40 m/s, 60 C, 7.5 ms) 

Fig.26 Spray picture (i-pentane, 40 m/s, 90 C, 7.5 ms) 

(a) 

(b) (c) 

Air 

10bit High-speed video cam-
era  

Fig.28 Comparison of SMD between calculation and 
measurement at three areas 

60 C, 7.5 ms

 (a) 

60 C, 7.5 ms

 (b) 

Fig.27 Picture of injected fuel with liquid fuel area pre-
sumed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.21 Equivalent ratio (i-pentane, 40 m/s)

Fig.22 Spray picture (n-heptane, 40 m/s, 25 C, 7.5 ms)

Fig.23 Spray picture (n-heptane, 40 m/s, 60 C, 7.5 ms)

Fig.24 Spray picture (n-heptane, 40 m/s, 90 C, 7.5 ms)

Fig.25 Spray picture (i-pentane, 40 m/s, 60 C, 7.5 ms)

Fig.26 Spray picture (i-pentane, 40 m/s, 90 C, 7.5 ms)

(a)

(b)(c)

Air

10bit High-speed video cam-
era 

Fig.28 Comparison of SMD between calculation and 
measurement at three areas

60 C, 7.5 ms 

(a)

60 C, 7.5 ms 

(b)

Fig.27 Picture of injected fuel with liquid fuel area pre-
sumed

114 115



5

4

114 115



6

7

116


