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Abstract 
 

This paper analyzes the heat transfer process involved in the operation of an automotive radiator. 

The paper is written as part of an undergraduate research activity. The analysis of a radiator 

encompasses nearly all of the fundamentals discussed in a heat transfer class, including the 

internal and external fluid flow through a heat exchanger and the design and analysis of heat sinks 

and exchangers. The theoretical heat exchanger investigation begins with analyzing the internal 

fluid flow through the radiator’s noncircular tubes, yielding the convective heat transfer 

coefficient for water. The external fluid flowing across the radiator tubes and fins is then analyzed 
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Aexternal Total external surface area ! ! ȟ .  

Ainternal Total internal surface area ! ς7 ς( , .  

NTU Number of transfer units  

Cmin Minimum heat capacity # ÍÉÎ # ȟ#  

Cmax Maxi
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Figure 1: Universal aluminum radiator (left) and 3000 cfm fan (right) 

 

 

 
 

 

Figure 2: Schematic of radiator        

 
Cool air is then forced across the radiator’s core, by 
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Internal Flow of Water 

The hot water from the engine travels through the tubes of the radiator.  

 

Area of Tubes 
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The hydraulic diameter must be used because it is a non-circular cross section. The hydraulic 

diameter can then be used to estimate the Reynolds number. The equation for the hydraulic 

diameter calls for the wetted perimeter of the tubes. However, the difference in the outer and 

inner tube dimensions is so negligible that the outer perimeter is used for convenience.  

 

Mean Temperature of Water 

The average temperature of water must be calculated to find the fluid’s material properties. The 

properties will be interpolated at this temperature. The properties that are needed are density, 

Prandtl number, thermal conductivity, dynamic viscosity, and specific heat. [1] 

 

Velocity 
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The velocity of the water through each tube must be found to calculate the Reynolds number. The 

number of tubes is given by the chosen radiator. 
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Mean Temperature of Air 

The average temperature of air must be calculated to find the correct material properties for later 

use. These properties are specific heat, thermal conductivity, kinematic viscosity, and Prandtl 

number. 
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Experiment 
 

Setup 

An aluminum stock radiator was tested with a 2.5 L Subaru engine at idle conditions. The coolant 

used in the radiator was pure water. The inlet and outlet temperatures for both the water and the 

air were measured using a thermocouple. For the water, a probe can be inserted in the tube right 

before the fluid enters the radiator and right after it exits. The inlet temperature of air will be 

assumed to equal the ambient. A probe was placed approximately five inches from the fan on the 

back side of the radiator to measure the outlet air temperature. In addition, the flow rate of the air 

across the radiator was measured using an air flow meter. Lastly, the flow rate through the 

radiator was measured by attaching a rotameter just before the coolant enters the radiator.  

 

Procedure 

The engine ran without the radiator fan until it reached 200 degrees Fahrenheit. Once the engine 

reached this temperature, the fan on the radiator was turned on to begin cooling the engine. The 

radiator, along with the fan, then cooled the engine until the temperatures reached steady state, 

which took approximately six minutes. The inlet and outlet temperatures and the flow rates for air 

and water were then recorded. 

 

This experimental process was repeated four times in order to give a range of results to compare 

with one another. These experimental results were then compared with the inlet and outlet 

temperatures found in the theoretical analysis of the problem.  

 

Results and Discussion 
 

All of the dimensions for the radiator were carefully measured and are recorded below in Table 1. 

Certain material properties, given in Tables 2 and 3, were needed for water and air for the 

theoretical calculations. The values of these properties were found using the average temperature 

of the fluid. [1] An iteration process involving the inlet and outlet fluid temperatures was needed 

to calculate the final absolute value for the outlet temperatures. To complete this process the 

convective heat transfer coefficients, overall heat transfer coefficient, number of transfer units, 

effectiveness, and heat transfer rate for the radiator were needed. 

 
Table 1: Basic Radiator Dimensions 

Lradiator Hradiator Wradiator Wtube Htube Lfin Wfin Hfin Ntube Nfin 

inches inches inches 
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Table 4: Final Results for Radiator 

hwater hair UA NTU ε qpredicted 

W/m
2
K W/m

2
K M

2
kg/Ks

3 
unitless % W 

609.27 45.13 836.34 0.59 40 23670 

 

The final results, given in Table 4, for the theoretical calculations based on the given inlet 

temperature fo/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/16a6/1(o/1(o/1(o/1(o/16a6/1(o/1(o/1(o/1(o/16a6/1(

2(he))i)-4(nl)66/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o/8590.024a)-3(s9, y)9(i)-4(v)nf:/1(o/1(o/1(o/17 682.54 71.424 12.72 re

s)9(ed o21(o/1(o/17 682.54 71.424 12(f)-3(2.9 669.46 6u0.02ua71.4 ou71.424 12.72 )-3(2(o/16a6/1(4a)-3(s9, y)9(i)-4(v)nf:/1(o/1(o/1o(o/17(o/16a6/1(o/1s82.aa)-3(e)11-4(24 12u17 682.54ds  Tm
nd at)-4(em)1/1(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o20.54 697.42show

2n(o/1] TJ
7)1/5. How )9ev1(o/r)/1(oa6/1(o/s
7)1/r)/1/s
em)u17 6l.54 71.4s  T

W* 7)1/be )9s8 re

 (o/1(oi)-4/17 6 (ooa6/1(o/o, y)9/17 6.ed o)]
[(f)- e )9xpet)-4(em)82.54a)-7)1ni)-4(5(u)11(o/16aa71.4u/s
em)ed o)(o/17 682.51(o/1(o/1(o/1(o/1(o/1(o/1(o/1(o08480/1(o/8590.02.9 6692(he))i)-4(nl)66/116aand ou72 )-3(2i)-4(nl)66/116aa6/1(4a)-3(s9, y)9(72 )-3(2u)-4(heo)9( oo/1(o/1754 71.424 12.72 re

s)9((i)-4(v)11(e)9(n i)-4(nl92.479908480/1(o/85906o21(o/1/116aa1(o/19 669)-4(heo)9co, y)9de2 re
be/1(o/1(oo
s)9
2(he))ed o)] TJ
7)1/6.51(o/1(o/1(o/1(o/1(o/1(o443)4(t)08480/1(o/85T

1 0 0 1 241.61 646.3 Tm

[(4)] TJ

ET

BT

1 0 0 1 244595-4(c1(o/85T

1 0 0 1 241.61 646.3 Tm

[(5-14(a)7(to)6(r)] TJ

ET

BT

/F2 9.9586 6.37 709.1 224.81 711.6 Tm

[( )] TJ

ET

 EMC q

8586 6.37 709.554.36 13.47 re

W* n

 /P <</586 6.37 709.:54.36 13.47 re

W* n

 /21<</586 6.37 709.1.6 Tm

[( )] TJ

ET

 EM216a6/586 6.37 709.1h)1064 78T

7 Tf

e-3(e698.5(at98 Tm
l)-4(c)9(al)-5( )11(ca)8(l9.4/586 6.37 709.1.6 Tm

[( )] TJ

ET

 EM70.16/586 6.37 709.14 78Tm)20(p 0.48 r8 Tf

 Tm

98.3* n

Tf

e-3( 4 13.

7 fq

84.l
em)u1692d
7 soa6/102.669)-48T

7 u169g6/192.6691 0 0 1 100.46 6as)9
98.3*

7 Tf4 711.6 Tm

[(4)] TJ

E277.87586 6.37 709.1.6 Tm

[( ).04 Tf

1 0 0 1570.69158.54 6re

f

[( )] TJ

ET

Q

Q

 6
 EMC q

139.83 6570.7158.54 6re

f

[( )] TJ
q

84.864 695.74 54.36 192 66 6572.54 697.42T n

BT

/F3 11.04 Tf

1 570.7158.54 6re

f

[( )] TJ
q

84.86BT

<</MCID 2>> BD3 0.45.46 6 695.74 6289(ier,)-6 698.m
n n

BT

/F3 11.04 Tf

1 570.7158.54 6re

f

[( )] TJ
q

84.86BT

<</MCID 2>> B2l)4(t5.46 6 695.74e

W* n

BT

/F3 11.04 Tf

1 0 0 570.6919 672.1 re

f

[( )] TJ

ET

Q

Q

 7
139.82 669.46 62570.71367.99 6re

f

[( )] TJ
q

84.864 695.74 54.36 169 63 6572.54 697.42T n

BT

/F3 11.049.46 62570.71367.99 6re

f

[( )] TJ
q

84.86BT

<</MCID 2>> Bl)-0645.46 6 695.74 6289(ier,)-28T
u172 )-n

BT

/F3 11.049.46 62570.71367.99 6re

f

[( )] TJ
q

84.864 695.74 54.36 1687n )1572.54 697.42 n

BT

/F3 11.04 Tf

1 0 0 1 248570.691.35 67re

f

[( )] TJ

ET

Q

Q

 82.85 669.46 71.4 570.71.35 67re

f

[( )] TJ
q

84.864 695.74 54.36 13.7.691572.54 697.42T n

BT

/F3 11.046 71.4 570.71.35 67re

f

[( )] TJ
q

84.86BT

<</MCID 2>> 2349.465.46 6 695.74air,)-8(in n

BT

/F3 11.046 71.4 570.71.35 67re

f

[( )] TJ
q

84.864 695.74 54.36 13499.465.2.54 697.42 n

BT

/F3 11.04 Tf

1 0 06 66.9570.6919 67367re

f

[( )] TJ

ET

Q

Q

 9
 EMC q

337.88 6570.71367.99 6re

f

[( )] TJ
q

84.864 695.74 54.36 1293 669572.54 697.42T n

BT

/F3 11.0467.88 6570.71367.99 6re

f

[( )] TJ
q

84.86BT

<</MCID 2>> 20 1 90..46 6 695.74air,)-8(ou71n

BT

/F3 11.0467.88 6570.71367.99 6re

f

[( )] TJ
q

84.864 695.74 54.36 13P <6765.2.54 697.42 n

BT

/F3 11.04 Tf

1 TJ

ET

Q

Q071.52 0.48 re

f*

582 669f*

202.37 668.86 0.48001582 669f*

202.37 668.86 0.4

1 582 669re

f*

274.37 669.34 0.47582 669f*



f*

274.85 668.86 62.5582 669 re

f*

337.39 669.34 0.48582 669f*



f*

274.85 668.6 71.4 582 669 re

f*

409.42 669.34 0.4582 669f*
re

f*

409.9 668.86 66.9582 669 re

f*

337.39 669.6 0.479582 669f*



f*

274.85 668.6 0.479582 669f*



f*

274.85 668.0.48001570.71
202.3re

f

[(669.34 0.47570.71
202

f*
re

f

[(669.34 0.48570.71
202

f*
re

f

[(669.334 0.4570.71
204 646.re

f

[(669.6 0.479570.71
202

f*
re

f

[(669..04 Tf

1 0 0 1558.69158.54 6re

f

[( )] TJ

ET

Q

Q

3

ET

Q

q

84.864558.7158.54 6re

f

[( )] TJ
q

843864 695.74 54.36 160 0.475l)-22)] TJ

ET

BF n

BT

/F3 11.04 Tf

1 558.7158.54 6re

f

[( )] TJ
q

843864 695.74 54.36 1614)4(t5l)-22)] TJ

ET

Be

W* n

BT

/F3 11.04 Tf

1 0 0 558.6919 672.1 re

f

[( )] TJ

ET

Q

Q

32 695.74 62.424 13558.71367.99 6re

f

[( )] TJ
q

843864 695.74 54.36 1668q

85l)-22)] TJ

ET

BF n

BT

/F3 11.04.424 13558.71367.99 6re

f

[( )] TJ
q

843864 695.74 54.36 1673.6915l)-22)] TJ

ET

Be

W* n

BT

/F3 11.04 Tf
6 71.4 558.691.35 67re

f

[( )] TJ

ET

Q

Q

3Q

 EMC q

274.85 558.71.35 67re

f

[( )] TJ
q

843864 695.74 54.36 123697.42l)-22)] TJ

ET

BF n

BT

/F3 11.04274.85 558.71.35 67re

f

[( )] TJ
q

843864 695.74 54.36 1241695.5l)-22)] TJ

ET

Be

W* n

BT

/F3 11.04 Tf
66 66.9558.6919 67367re

f

[( )] TJ

ET

Q

Q

3

Q

Q

 EMC q

33558.71367.99 6re

f

[( )] TJ
q

843864 695.74 54.36 13D3 1915l)-22)] TJ

ET

BF n

BT

/F3 11.042 q

33558.71367.99 6re

f

[( )] TJ
q

843864 695.74 54.36 13D8.71.5l)-22)] TJ

ET

Be

W* n

BT

/F3 11.04 

ET

Q

Q

3506 0.47998 0.4570.669f*

202.37 668.86 0.4

1 570.669re

f*

274.37 669.34 0.47570.669f*



f*

274.85 668.86 62.5570.669 re

f*

337.39 669.34 0.48570.669f*



f*

274.85 668.6 71.4 570.669 re

f*

409.42 669.34 0.4570.669f*
re

f*

409.9 668.86 66.9570.669 re

f*

337.39 669.6 0.479570.669f*



f*

274.85 668.0.48001558.71
202.3re

f

[(669.34 0.47558.71
202

f*
re

f

[(669.34 0.48558.71
202

f*
re

f

[(669.334 0.4558.71
204 646.re

f

[(669.6 0.479558.71
202

f*
re

f

[(669..04 Tf

1 0 0 1546.69158.54 6re

f

[( )] TJ

ET

Q

Q

36
 EMC q

139.83 6546.7158.54 6re

f

[( )] TJ
q

843864 695.74 54.36 160062.55499.2)] TJ

ET

B1 y)95 y)91 y)9. 0 0* n

BT

/F3 11.04 Tf

1 546.7158.54 6re

f

[( )] TJ
q

843864 695.74 54.36 16Tm

855499.2)] TJ

ET

Be

W* n

BT

/F3 11.04 Tf

1 0 0 546.6919 672.1 re

f

[( )] TJ

ET

Q

Q

37
139.82 669.46 62546.71367.99 6re

f

[( )] TJ
q

843864 695.74 54.36 1659 6.35499.2)] TJ

ET

B1 y)93 y)98 y)9. 0 0W* n

BT

/F3 11.09.46 62546.71367.99 6re

f

[( )] TJ
q

843864 695.74 54.36 1682 6155499.2)] TJ

ET

Be

W* n

BT

/F3 11.04 Tf
6 71.4 546.691.35 67re

f

[( )] TJ

ET

Q

Q

382.85 669.46 71.4 546.71.35 67re

f

[( )] TJ
q

843864 695.74 54.36 122997.42 99.2)] TJ

ET

B7 y)97 y)9. 0 06Tm

855499.2)] TJ43864 695.74 54.36 122997] TJ

E 0W* n

BT

/F39s2 695.74 54.36 122997] TJ
e

W* n 54.36 122997] TJ

E 0W* n

BT

/F39s2 695.74 2
ET

Be

W* n

BT

/F3 11T

/F3h6(
re

f*

409.9 668.86 66.

1 0 0 1 241.61 646.3 Tm

[( )] TJ

ET

BT

1* n
843864 695.2 99.2)]e5 TJ

E 0W* T

Be4 2
ET

Be

W* n

BT

/F3 11T
6nJ

E0)Be

W* n

68.86 66.92843864 695.74 54.36 13D8.71.5l)-22)] TJ

ET

Be

W* n

40

/F3 11.04 

E 64Q

Q

3506 0.47998 0.4570.669 64Q

2.37 668.86 0.4

1 570.669r 64Q

Q

3.37 669.34 0.47570.669f*
 64Q


274.85 668.86 62.5570.669 r 64Q

Q

3.37 669.34 0.4757J

ET

BF nf*

274.85 668.6 71.4 570.669  64Q

Q

09.42 669.34 0.4570.669f*
 64Q


274.85 668.86 62.558.71
204 64f*

337.39 669.6 0.479570.669f*
 2
ET

274.85 668.0.48000.669f*
 2

Q071.52 0.48 re

f*

582 669 2

Q071.52 0.48 re

f*

58. 0 0* nQ

2.37 668.86 0.4

1 570.669r 2
ET

27f

[(669.6 0.47955570.669r 2
Q

Q

3.37 669.34 0.47570.669f*
 2
Q


274.85 668.86 62.5570.669 r 2
ET

27f

[(669.6 0.4795570.669 r 2
Q

Q

3.37 669.34 0.4757J

ET

B 2
Q


274.85 668.6 71.4 570.669  2
ET

2
f

[(669.334 0.455570.669  2
Q

Q

09.42 669.34 0.4570.669f*
 2
Q


274.85 668.86 62.558.71
204 2
ET

27f

[(669.6 0.479558.71
204 2
f*

337.39 669.6 0.479582 669f*
 2
f*

337.39 669.6 0.47958J

ET

Be

W* n

410 0 1 241.61 64672.1 Tm

0 g

[(2306] TJ5
q
9n i)5(n )11(Tabl)-3(e )9(4,)] TJ

ET

BT

420 0 1 241.61 646.3 Tm

[(5-14(a)7(to)25] TJTJ

ET

BT

/F2 9.9586 6.37 709.1 224.81 711.6 Tm25] TJTJ

ET6T

 EMC q

8586 6.37 709.554.325] TJTJ

ET
W* n
Exsoa6/p2n(o0.48 42 11.04M70.1 6.37)9( ta.9 611(ca)8(l9.4/586 6.37 709.8

84325] TJTJ

ET
T

 EM70.16/586 6.37 7.37.14 7u84.l
em)o0.41/r)/6 69*

842.669)-

Tf

1 0 w.864 669)-48T( to0.41/th)8.l
em)u1-692d
7 so6/102.66916-48T( 
/F2 11.04 Tf

1 0 0 1 100.46 698.9 n

 /P <<5.114325] TJTJ

ET] TJ

E277.87586 6.37 709.1.0q

84
277Tf

1 0 0 1 448.42 685.3 Tm

043
f

[( )] TJ

ET

0q

84
277Tf

1 0 0 1 448.42.74 54.36 13.464 re

W* n

B0.6 5

14TJTJ

ET
0.48i)9xpet)T

B1 y)95 y)91 y)9. 0 00q

84
277Tf

1 0 0 1 448.42.74 54.36 13.464 re

W* n

28.6 Tm

14TJTJ

ET16Tm

855499.2)] TJ

ET

Be48.11430q

84
2777.04 Tf

1 0 0 1 378.07 685.3 T4

f

[( )] e48.1430q

84
2778F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf

1 

BT

14TJTJ

ET
0T

B1 y)93 y)98 y48.1430q

84
2778F3 11.04 Tf

1 0 0 1 437 n

W* n

BT

/F3 11.0W/)-510.91 <</MCID 2>> BDC q

139.82 6982 >> 23411.049.465.46 6 695.74ae48.1430q

84
2778F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf
95
BT



14TJTJ

ET16Tm

855499.2)] TJ

ET

B2

B669 0q

84
277Tf

1 0 0 1 448.42 685.3 Tm

04m

0 g

[( 2

B669 0q

84
277Tf

1 0 0 1 448.42695.73 71.415 13.47 re

W* 
q

84T

14TJTJ

ET
0T

B1 y)93 y)98 2

B669 0q

84
277Tf

1 0 0 1 448.42695.73 7.15 685.3 Tm

0 g

84.3-510.91 <</MCID 2>> BDC q

139.82 6982 >> 23ou3( t)T

B1 y)93 y)98 2

B669 0q

84
277Tf

1 0 0 1 448.42695.73 71.415 13.47 re

W* 6 Tm

[

14TJTJ

ET16Tm

855499.2)] TJ

ET

B2.6661430q

84
2779f

1 0 0 1 448.42 685.3 Tm

046Be

W* n

BT

61430q

84
2778F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf646.194T

14TJTJ

ET
0T

B1 y)93 y)98 2T

61430q

84
2778F3 11.04 Tf

1 0 0 1 437 n.15 685.3 Tm

0 g306691-510.91 <</MCID 2>> 64 411.049.465.46 6 695.74aBT

61430q

84
2778F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf66.971
[

14TJTJ

ET16Tm

855499.2)] TJ

ET

B
W* n

 0q

84
277Tf

1 0 0 1 448.42 685.3 Tm

0470 g

[( )] TJ

ET 0q

84
277Tf

1 0 0 1 448.42695.73 71.415 13.47 re

W*355691-51
14TJTJ

ET
0T

B1 y)93 y)98  TJ

ET 0q

84
277Tf

1 0 0 1 448.42695.73 7.15 685.3 Tm

0 g3
2783-510.91 <</MCID 2>> 64 ou3( t)T

B1 y)93 y)98  TJ

ET 0q

84
277Tf

1 0 0 1 448.42695.73 71.415 13.47 re

W*3
q

ET 

14TJTJ

ET16Tm

855499.2)] TJ

ET

B406620 00q

84
2765.04 Tf

1 0 0 1 378.07 685.3 T48 g

[( )] TJ1928430q

84
2766F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf419

843

14TJTJ

ET85.3 Tm

0 g

[(K)TJ1928430q

84
2766F3 11.04 Tf

1 0 0 1 437 n48001 0.48 re

f*
28.
84310.91 <</MCID 2>> 

139.82 695.74 62.424 13.4TJ1928430q

84
2766F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf44 TJ

 

14TJTJ

ET16Tm

855499.2)] TJ

ET

B464MCID30q

84
2779f

1 0 0 1 448.42 685.3 Tm

04
Be

W* n

464M5430q

84
2778F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf48

f*



14TJTJ

ETv95.74 62.424 13.4T64M5430q

84
2778F3 11.04 Tf

1 0 0 1 437 n48001 0.48 re

f*
n

 8-510.91 <</MCID 295.74 62.424 13.4T64M5430q

84
2778F3 11.04 Tf

1 0 0 1 437 n

BT

/F2 11.04 Tf5

E

[

14TJTJ

ET16Tm

855499.2)] TJ

ET76.03 698.86 3 11.04 Tf

1 TJ

ET
22.3 T71.52 0.4.39  re

f*

582 66922.3 T71.52 0.4.39  re

f*

58. 0 022.3 T
277Tf 0.4.39  re

f*
147.
84322.3 T71.52 0.4.39  re

f*
e48.14322.3 T
277842 0.4.39  re

f*
210.894322.3 T71.52 0.4.39  re

f*
2

B669 22.3 T
277Tf 0.4.39  re

f*
BT

.3-522.3 T71.5.39 669..39  re

f*
BT

614322.3 T
277842 0.4.39  re

f*
2 669f*
22.3 T71.5.39 669..39  re

f*
 TJ

ET 22.3 T
277Tf 0.4.39  re

f*
40 Tm3-522.3 T71.5.39 669..39  re

f*
TJ19114322.3 T
279042 0.4.39  re

f*
T64M02-522.3 T71.5.39 669..39  re

f*
T64M54322.3 T
277842 0.4.39  re

f*
5(45.8-522.3 T71.09.42 669.39  re

f*
5(45.8-522.3 T71.09.42 669.39  re

f*

582 6690q

84

274.69.34 0.47998 47.
8430q

84

274.69.34 0.47998210.89430q

84

274.69.34 0.479982T

.3-50q

84

2786 669.34 0.47998 12.72 r50q

84

2786 669.34 0.47998 40 Tm3-50q

84

2786 669.34 0.47998 464M02-50q

84

2786 669.34 0.47998 5(45.8-50q

84

284.864 669.46 54.36 12.6 re

W* n
49648 re277Tf

11 0 0 1 456.94 672.1 Tm
5

f

[( )] TJ

ET
49648 re277Tf

11 0 0 1 456.223.37 672.1 Tm

0 g

[(83616.6 T499691-5.74 54.36 16Tm

855499.2)] TJ

ET

Be48.11449648 re27774 Tf

1 0 0 1 379.03 672.1 Tm52
f

[( )] e48.1449648 re2778q

202.85 669.45 71.4 12.6 re

W* n

 /P <</M6F3 1499691-5.74 54.36 1668q

85l)-22)] TJ48.1449648 re2778q

202.85 669.45 71.4 12.6 re

W* n

 /P <</T

Q7T499691-5.74 54.36 16Tm

855499.2)] TJ

ET

B2

B66949648 re277Tf

11 0 0 1 456.94 672.1 Tm
53

0 g

[( 2

B66949648 re277Tf

11 0 0 1 456.223.37 672.1 Tm

0 g

[(8323/MCID499691-5.74 54.36 1668q

85l)-22)] T2

B66949648 re277Tf

11 0 0 1 456.223.37 672.1 Tm

0 g

[(8324 T81T499691-5.74 54.36 16Tm

855499.2)] TJ

ET

B2T

61449648 re2779f

11 0 0 1 456.94 672.1 Tm
54Be

W* n

BT

61449648 re2778q

202.85 669.45 71.4 12.6 re

W* n

 /P <<3

E
 1499691-5.74 54.36 1668q

85l)-22)] TBT

61449648 re2778q

202.85 669.45 71.4 12.6 re

W* n

 /P <<3
9] TJ499691-5.74 54.36 16Tm

855499.2)] TJ

ET

B
W* n

49648 re277Tf

11 0 0 1 456.94 672.1 Tm
5 Tm

[( )] TJ

ET
49648 re277Tf

11 0 0 1 456.223.37 672.1 Tm

0 g

[(83366.194499691-5.74 54.36 1668q

85l)-22)] TTJ

ET
49648 re277Tf

11 0 0 1 456.223.37 672.1 Tm

0 g

[(83372f4 7499691-5.74 54.36 16Tm

855499.2)] TJ

ET

B406620 49648 re2765.04 T1 0 0 1 456.94 672.1 Tm
56 g

[( )] TJ1928449648 re2766q

202.85 669.45 71.4 12.6 re

W* n

 /P <<4
[(%47499691-5.74 54.36 (ca)8p> 64 85.3 Tm

0 g

[(K)TJ1928449648 re2766q

202.85 669.45 71.4 12.6 re

W* n

 /P <<442f47499691-5.74 54.36 16Tm

855499.2)] TJ

ET

B464MCID49648 re2779f

11 0 0 1 456.94 672.1 Tm
57Be

W* n

464M5449648 re2778q

202.85 669.45 71.4 12.6 re

W* n

 /P <<48

02-499691-5.74 54.36 [(f)-/)6(he )9(t)-4(he4 13.4T64M5449648 re2778q

202.85 669.45 71.4 12.6 re

W* n

 /P <<5051(o/499691-5.74 54.36 16Tm

855499.2)] TJ

ET94 672.1 Tm
58

/F3 11.04 

EBDC  T71.52 0.4.39  re

f*

58. 0 0BDC  T
277Tf 0.4.39  re

f*
147.
843BDC  T71.52 0.4.39  re

f*
e48.1430q
4 T
277842 0.4.39  re

f*
210.8943BDC  T71.52 0.4.39  re

f*
2

B669 0q
  T
277Tf 0.4.39  re

f*
2T

.3-50q
4 T71.5.39 669..39  re

f*
BT

61430q
4 T
277842 0.4.39  re

f*
12.72 r50q
4 T71.5.39 669..39  re

f*
 TJ

ET 0q
  T
277Tf 0.4.39  re

f*
40 Tm3-50q
4 T71.5.39 669..39  re

f*
TJ1911430q
  T
279042 0.4.39  re

f*
T64M02-50q
4 T71.5.39 669..39  re

f*
T64M5430q
4 T
277842 0.4.39  re

f*
5(45.8-50q
4 T71.09.42 669.39  re

f*

582 6649648 r

274.696  re

f*
147.
8449648 r

274.696  re

f*
210.89449648 r

274.696  re

f*
2T

.3-49648 r

2786 669.6  re

f*
12.72 r49648 r

2786 669.6  re

f*
40 Tm3-49648 r

2786 669.6  re

f*
464M02-49648 r

2786 669.6  re

f*
5(45.8-49648 r

284.864 66  re

f*
 12.6 re

W* n
483.3 T
277Tf

1 0 0 1 448.42 685.3 Tm

059
f

[( )] TJ

ET
483.3 T
277Tf

1 0 0 1 448.42 1 437 n

BT

/F2 11.04 Tf
.8642-486.194] TJ

ET

BT
T

B1 y)95 y)91 y)9. 0 483.3 T
277Tf

1 0 0 1 448.42 1 437 n

BT

/F2 11.04 Tf
.8

84486.194] TJ

ET

B16Tm

855499.2)] TJ

ET

Be48.114483.3 T
2777.04 Tf

1 0 0 1 378.07 685.3 T60
f

[( )] e48.14483.3 T
2778F3 11.04 Tf

1 0 0 1 4372.6 re

W* n

 /P <</67

84486.4.37 695.26 0.147.
ET

B1 y)95 y)91 e48.14483.3 T
2778F3 11.04 Tf

1 0 0 1 4372.6 re

W* n

 /P <</91T81T486.4.37 695.26 0.16Tm

855499.2)] TJ

ET

B2

B669483.3 T
277Tf

1 0 0 1 448.42 685.3 Tm

061

0 g

[( 2

B669483.3 T
277Tf

1 0 0 1 448.42 1 43771.4 12.72 re

W* n

BT
334486.4.37 695.26 0.138668q

85l)-22)] T2

B669483.3 T
277Tf

1 0 0 1 448.42 1 43771.4 12.72 re

W* n

4

1 0486.4.37 695.26 0..] TJ

ET

B7 y)97 y

B669483.3 T
277Tf

1 0 0 1 448.42 1 43771.4 12.72 re

W* n

55.05T486.4.37 695.26 0.16Tm

855499.2)] TJ

ET

B2T

614483.3 T
2779f

1 0 0 1 448.42 685.3 Tm

062Be

W* n

BT

614483.3 T
2778F3 11.04 Tf

1 0 0 1 4372.6 re

W* n

 /P <</P <</M486.4.37 695.26 0.77.] TJ

ET

B7 y)97 yT

614483.3 T
2778F3 11.04 Tf

1 0 0 1 4372.6 re

W* n

 /P <<[(40)] 486.4.37 695.26 0.16Tm

855499.2

 



12 

 

e


