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ME312 or equivalent is a must!

All of the topics covered in ME312 are needed for ME478
thus you need a passing grade from ME312 to take this 
course

Subject (tentative lecture length) Reading 
Internal Flow (8 lecture hours) Chapter 8 

Free Convection (6) Chapter 9 

Boiling and Condensation (6) Chapter 10 

Heat Exchangers (9) Chapter 11 

Radiation (9) Chapters 12-13 

Mass Transfer (4) Related parts of Chapters 14, 6, 7 
and 8 
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ME478 - INTRODUCTION TO SOLAR 
ENERGY UTILIZATION

• Instructor : Prof. Dr. İlker Tarı, E-104 (ICHMT), itari
• Assistant : Deniz Pınarlı, A-146, pinarli.deniz
• Text :

Solar Engineering of Thermal Processes, 4th Edition
by John A. Duffie, William A. Beckman, Wiley

• Schedule :
• Monday 8:40-10:30 in G202
• Wednesday 12:40-13:30 in G202.

• Web page : http://users.metu.edu.tr/itari/me478



Solar Engineering of Thermal Processes, 
4th Edition
by John A. Duffie, William A. Beckman

 

Available through 
METU Library 
subscription
from
Wiley online book
collection



Course topics and time plan
Week Topics Chapter

1 Radiative Transfer and Conjugate Heat Transfer in Solar Collector 
Applications 3

2 Radiation Characteristics of Opaque Materials 4

3 Radiation Transmission through Glazing: Absorbed Radiation 5

4 Solar Radiation basics 1

5 Available Solar Radiation 2

6 Flat-Plate Collectors 6

7 Flat-Plate Collectors 6

8 Concentrating Collectors 7

9 Concentrating Collectors 7

10 Energy Storage 8

11 Solar Process Loads 9

12 System Thermal Calculations 10

13 Solar Engineering Applications Part II

14 Solar Engineering Applications Part II



• Attendance to the first lecture is required. The 
students will be selected according to their ME312 
grades and CGPAs from the first lecture attendance 
list. 
• Homework: The problems will be assigned weekly 

and collected on time. Some will include SMath
Studio calculations or some programming.
• Attendance : 100% attendance is expected. 

Participation is extremely important.
• Grading :

Midterm Exam : 30%
Homework and attendance : 30%
Final Exam : 40%









4 Solar Radiation

space. A succession of radiative and convective processes occur with successive emission,
absorption, and reradiation; the radiation in the sun’s core is in the x-ray and gamma-ray
parts of the spectrum, with the wavelengths of the radiation increasing as the temperature
drops at larger radial distances.

A schematic structure of the sun is shown in Figure 1.1.1. It is estimated that 90% of
the energy is generated in the region of 0 to 0.23R (where R is the radius of the sun), which
contains 40% of the mass of the sun. At a distance 0.7R from the center, the temperature
has dropped to about 130,000 K and the density has dropped to 70 kg/m3; here convection
processes begin to become important, and the zone from 0.7 to 1.0R is known as the
convective zone. Within this zone the temperature drops to about 5000 K and the density
to about 10−5 kg/m3.

The sun’s surface appears to be composed of granules (irregular convection cells),
with dimensions from 1000 to 3000 km and with cell lifetime of a few minutes. Other
features of the solar surface are small dark areas called pores, which are of the same order
of magnitude as the convective cells, and larger dark areas called sunspots, which vary in
size. The outer layer of the convective zone is called the photosphere. The edge of the
photosphere is sharply defined, even though it is of low density (about 10−4 that of air
at sea level). It is essentially opaque, as the gases of which it is composed are strongly

Figure 1.1.1 The structure of the sun.
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ionized and able to absorb and emit a continuous spectrum of radiation. The photosphere
is the source of most solar radiation.

Outside the photosphere is a more or less transparent solar atmosphere, observable
during total solar eclipse or by instruments that occult the solar disk. Above the photosphere
is a layer of cooler gases several hundred kilometers deep called the reversing layer.
Outside of that is a layer referred to as the chromosphere, with a depth of about 10,000 km.
This is a gaseous layer with temperatures somewhat higher than that of the photosphere
but with lower density. Still further out is the corona, a region of very low density and of
very high (106 K) temperature. For further information on the sun’s structure see Thomas
(1958) or Robinson (1966).

This simplified picture of the sun, its physical structure, and its temperature and
density gradients will serve as a basis for appreciating that the sun does not, in fact,
function as a blackbody radiator at a fixed temperature. Rather, the emitted solar radiation
is the composite result of the several layers that emit and absorb radiation of various
wavelengths. The resulting extraterrestrial solar radiation and its spectral distribution have
now been measured by various methods in several experiments; the results are noted in the
following two sections.

1.2 THE SOLAR CONSTANT

Figure 1.2.1 shows schematically the geometry of the sun-earth relationships. The eccen-
tricity of the earth’s orbit is such that the distance between the sun and the earth varies
by 1.7%. At a distance of one astronomical unit, 1.495 × 1011 m, the mean earth-sun
distance, the sun subtends an angle of 32′. The radiation emitted by the sun and its spatial
relationship to the earth result in a nearly fixed intensity of solar radiation outside of
the earth’s atmosphere. The solar constant Gsc is the energy from the sun per unit time
received on a unit area of surface perpendicular to the direction of propagation of the
radiation at mean earth-sun distance outside the atmosphere.

Before rockets and spacecraft, estimates of the solar constant had to be made from
ground-based measurements of solar radiation after it had been transmitted through the

Figure 1.2.1 Sun-earth relationships.
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Figure 1.3.1 The WRC standard spectral irradiance curve at mean earth-sun distance.

Table 1.3.1a Extraterrestrial Solar Irradiance (WRC Spectrum) in Increments of Wavelengtha

λ

(µm)
Gsc,λ

(W/m2 µm)
f0–λ

(−)
λ

(µm)
Gsc,λ

(W/m2 µm)
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(−)
λ

(µm)
Gsc,λ

(W/m2 µm)
f0–λ

(−)

0.250 81.2 0.001 0.520 1849.7 0.243 0.880 955.0 0.622
0.275 265.0 0.004 0.530 1882.8 0.257 0.900 908.9 0.636
0.300 499.4 0.011 0.540 1877.8 0.271 0.920 847.5 0.648
0.325 760.2 0.023 0.550 1860.0 0.284 0.940 799.8 0.660
0.340 955.5 0.033 0.560 1847.5 0.298 0.960 771.1 0.672
0.350 955.6 0.040 0.570 1842.5 0.312 0.980 799.1 0.683
0.360 1053.1 0.047 0.580 1826.9 0.325 1.000 753.2 0.695
0.370 1116.2 0.056 0.590 1797.5 0.338 1.050 672.4 0.721
0.380 1051.6 0.064 0.600 1748.8 0.351 1.100 574.9 0.744
0.390 1077.5 0.071 0.620 1738.8 0.377 1.200 507.5 0.785
0.400 1422.8 0.080 0.640 1658.7 0.402 1.300 427.5 0.819
0.410 1710.0 0.092 0.660 1550.0 0.425 1.400 355.0 0.847
0.420 1687.2 0.105 0.680 1490.2 0.448 1.500 297.8 0.871
0.430 1667.5 0.116 0.700 1413.8 0.469 1.600 231.7 0.891
0.440 1825.0 0.129 0.720 1348.6 0.489 1.800 173.8 0.921
0.450 1992.8 0.143 0.740 1292.7 0.508 2.000 91.6 0.942
0.460 2022.8 0.158 0.760 1235.0 0.527 2.500 54.3 0.968
0.470 2015.0 0.173 0.780 1182.3 0.544 3.000 26.5 0.981
0.480 1975.6 0.188 0.800 1133.6 0.561 3.500 15.0 0.988
0.490 1940.6 0.202 0.820 1085.0 0.578 4.000 7.7 0.992
0.500 1932.2 0.216 0.840 1027.7 0.593 5.000 2.5 0.996
0.510 1869.1 0.230 0.860 980.0 0.608 8.000 1.0 0.999

aGsc,λ is the average solar irradiance over the interval from the middle of the preceding wavelength interval to
the middle of the following wavelength interval. For example, at 0.600 µm. 1748.8 W/m2 µm is the average
value between 0.595 and 0.610 µm.


