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Part (I)





太 陽 是 太 陽 系 的 心 ， 其 質 量 佔 全 太 陽 系 總
質 量 的 99.8% ， 故 太 陽 的 引 力 控 制 整 個 太 陽
系 ， 使 其 他 天 體 繞 著 太 陽 公 轉 。 主 要 成 分
為 90.965% 氫 、 8.889% 氦 ， 以 及 少 量 氧 、 碳 、
氖 、 氮 、 鐵 、 鎂 、 矽 及 硫 。

About the Sun   認識太陽



Cross-section of the Sun



● 核心(Core):厚約175,000km.太陽在這裡以質子－質子鏈把氫轉換成氦,從中釋放能量(核融
合)  .
●輻射層(Radiation Zone):厚約325,000km.質子－質子鏈產生的能量在此層以輻射的形式離
開太陽(光子必須離開太陽,否則太陽會熱到爆炸!), 光子在這裡會吸收發射再吸收再發射,所以
光子以極緩慢的速度前進,光子離開輻射層要200,000年,所以科學家這麼看重從核心直接逃出
來的中微子.
●對流層(Convective Envelope):厚約200,000km.這一層的氣體比輻射層的氣體更不透光,輻射
帶走能量已經不能再湊巧,恆星要選取另一種方法帶走能量,這就是對流.
●光球層(Photosphere):厚約500km.光球層就是我們平時所見的太陽表面,這裡氣體由對流層
走出來,故有起有伏,從多普勒效應得知上升氣流有藍移(靠近我們),下降氣流有紅移(遠離我們),
於是形成一個個泡泡,叫做米粒組織(Photospheric Granulation),每個泡泡有2000km闊,並可持
續10分鐘.
●色球層(Chromosphere):厚約1,500km.色球層有明顯的溫度上升,達到400,000K!而色球層的
密度又是極低,故它是透光的,這裡有由光球層噴上來的高速氣流,這些氣流叫做針狀體
(spicules),氣流以32km/s的速度被噴到10,000km並持續數分鐘.色球層的高溫是因為太陽磁場
的影響
●日冕(Corona):日冕其實有滿月那麼光,可是基於光球層比它更光,故把日冕的光輝蓋過了,最
佳觀賞日冕的時候是日全蝕時(平時絕對不要用眼直接去望太陽,那是件很危險的事!!!!會盲眼!
日冕這麼高溫的原因是由於太陽磁場的影響.



日冕The Corona 色球層的影像

Photo of the Sun's photosphere光球層的影像 黑子群的近照



太陽黑子(Sunspot)是太陽光球表面上最明顯的現象，美國天文學家海爾 （George 
Zllery Hale, 1868-1938）於西元 1908 年發現太陽黑子和磁場有關。太陽黑子是太
陽表面局部磁場較強的地方，溫度較低故較周圍黑暗。



陽物理特性The Sun's physical data
下表列出太陽的一些物理特性：

94 %氫、6%氦和重元素
化學組成

（以原子數量計算）

74.5%氫、23.5%氦和2%重元素（如氧、碳、氮等）
化學組成

（以原子質量計算）

約1千4百萬度核心溫度

約5500 °C (5800 K) 表面溫度

4 x 1023瓩
光度

(向外發散出的能量)

約為46億年年齡

1400 kg/m3 (水的密度為1000 kg/m3)密度

1.4 million km （地球直徑的109倍）直徑

2 x 1030 kg （地球質量的335,000倍）質量

太陽特性



The amount of energy from the Sun that reaches the Earth annually 
is 4 x 1018 Joules.

4 x 1018 Joules/ Year ÷ 365 Days/ Year = 1 x 1016 Joules/ Day

1 x 1016 Joules/ Day ÷ 24 Hours/ Day = 4 x 1014 Joules/ Hour

The amount of energy consumed annually by the world's population 
is about 3 x 1014 Joules.



科學家幫人類尋找新的替代性能源，又有新的創意，他們把腦筋動到
了外太空，計畫有效率地收集太空中的太陽能，直接在太空中發電；因
為經過估算，太陽輻射的能量，大約有10億座發電廠的電量總和，儘管
實 驗 還 在 初 步 階 段 ， 不 過 已 經 讓 科 學 家 大 為 振 奮 。

太陽能輸出的能量，相當於每秒1億個原子彈爆炸，科學家認為，只
要利用一小部分，以電力形式送回地球，就能提供地球所需能源。
首先是要設計出高效率的太陽能電池，並且以這種很薄的涅菲爾透鏡，
將陽光聚集在太陽能電池上，讓電池效率增強8倍。科學家約翰曼金斯：
「我們的任務是找出新能源，須符合經濟性，存量充足，而且能夠再
生。」科學家估計，太空中的太陽輻射可以製造出，相當10億座大型電
廠的輸出電量，因此科學家將設計出能夠傳送電力的微波束，從大空穿
過大氣層到達地面。 另外，還必須依賴日本賀陽教授的傳送器原型，利
用微波隔空發射電力，電流透過銅製的傳送器具，產生的電荷會發射電
磁能量波，穿過稀薄空氣，經過實驗，小組人員以手機實驗，成功地幫
手機充電。研究人員：「這是很大的進展，我們把電以微波，傳送到12
呎外。」研究人員在山區進行實驗，以微波束傳送電力，通過大氣層，
儘管在技術上，仍有許多困難需要克服，不過也為人類帶來的新希望。

太空中發電！ 太陽能轉換成電力



1.1  The Time Scale of Fossil Fuels and The Solar energy Option



sea water using solar-energy



1.2 The Time Scale of Fossil Fuels and The Solar Energy Option

☛ The rate of production of a nonrenewable energy resource increases with 
time, reaches a maximum, and then decays.



☛

☛ According to current estimates, about 88％world’s fossil fuel supply is coal, It 
is important to know when it will be exhausted, because this will show much time 
is available to develop and deploy other energy sources, which are essential to the 
survival of industrial society.    

☛





∝U



預測一



預測二





☛ The replacement of current energy-producing system 
requires careful planning and allocating of current energy 
resources, and time.

☛ Of all the currently known available sources, only nuclear 
and solar energy have the potential of supplying large amounts 
of power within the available time frame. 

☛ How much energy each of them  can supply and under 
what conditions one source is more suitable to meet the 
demand economically and safely than the other.

☛ To build a large-scale solar energy industry must include 
considerations of the availability of material, work force. And 
the level of technology required for such an undertaking.



費用:  q×A×η×Cost=
5kw hr/m2×2500000km2×10％×

(500元/kw or 100元/kw)=25兆美
元 or 50兆美元

時間:半個世紀

材料重量:10kg/m2(Flat-plate 
collector)





1. 2  Overview of Solar Energy Conversion Method



1.2.1 Thermal conversion
(1) For generting low temperature hot (365°K)

a solar-energy collector.



Example1 flat -plate collector (365°K)



hot service water

Example1   Flat -plate collector (365°K)



solar heating system



space heating and cooling



A Yazaki absorption 
chiller-heater, using 
water as the 
refrigerant, is today’s 
best choice in air 
conditioning for 
protecting the 
environment and 
reducing the cost of 
energy. Double-effect 
cycles and advanced 
technology ensure 
high performance and 
long term reliability 



absorption-type air-conditioning system



Diagram of A Solar Air Cooling System 



Solar furnace (4000°K)
(2) For generting high working temperature

solar furnace



Odeillo solar furnace in France
(4000°K) 



solar Tower

A solar furnace (picture from NREL 
http://rhlx01.rz.fh.../pictures/tower.jpg
[phoenix, May 19 2002, last modified Oct 05 2004] 





1.2.2 Photovoltaics Conversion (光電轉換)

Figure 1: a solar cell.

The conversion of a solar radiation into electrical energy by means of solar cell



太陽能路燈



1.2.2  Photovoltaics Conversion (光電轉換)

☛

☛

☛



Photovoltaic panels integrated into the roof of a building 



space solar power satellite







To make a quantitative analysis of the sun’s motion and its 
energy flux on earth:

1. Based on the season and daily, the motion is analyzed.
2. The measurement and prediction of solar radiation on

monthly, daily, and hourly time scales

The subject of this chapter---



In the earth’s atmosphere, solar radiation is received directly 
(direct radiation) and by diffusion in air, dust, water, etc., contained 
in the atmosphere (diffuse radiation). The sum of the two is 
referred to as global radiation

Terminology



Fig.   Annual pattern of direct, diffuse and global insolation for average clear 
day for the weather station at the research meadow 











(1) Solar Radiaion under clear skies









Terminology ---- Altitude Angle (β, or α)
and Azimith Angles (γ, or as)



Terminology ---- Solar Hour Angle (hs), 
Solar Declination (δs ), Altitude (L)

1 Solar Hour Angle=360°/24=15°

δs







(Copper formulation)

















Collector without moving surface (Fixed surface)







Chap. 3

Radiation Heat Transfer







Heat can be transferred by:
Conduction 
Convection 
Advection 
Radiation 







Radiation allows heat to be transfered through wave energy. These 
waves are called Electromagnetic Waves, because the energy 
travels in a combination of electric and magnetic waves. This energy 
is released when these waves are absorbed by an object. For 
example, energy traveling from the sun to your skin, you can feel your 
skin getting warmer as energy is absorbed. 

Shorter wavelengths carry more energy than longer wavelengths.























2.3 Blackbody radiation

A blackbody has the following characteristics: 

●it is the physically ideal perfect radiator and perfect 
absorber, i.e.: 
●all incident radiation is completely absorbed (hence 
"black"); 
●at all wavelengths and in all directions maximum possible 
emission occurs (radiance is independent of direction i.e. 
isotropic radiation). 



A hypothetic body that completely absorbs all 
wavelengths of thermal radiation incident on it. Such 
bodies do not reflect light, and therefore appear black if 
their temperatures are low enough so as not to be self-
luminous. All blackbodies heated to a given 
temperature emit thermal radiation with the same 
spectrum, as required by arguments of classical 
physics involving thermal equilibrium. However, the 
distribution of blackbody radiation as a function of 
wavelength, known as the Planck law, cannot be 
predicted using classical physics. This fact was the first 
motivating force behind the development of quantum 
mechanics. 

Introduction to Blackbody radiation
Wien Distribution
Wien Displacement Law
Stefan-Boltzmann Law



Planck Law

where h is Planck's constant, c is the speed of light, and k is Boltzmann's
constant (Rybicki and Lightman 1979, p. 21). 











Stefan-Boltzmann Law
q = σ T4 A (1)
where
q = heat transfer per unit time (W)
σ = 5.6703 10-8 (W/m2K4) - The Stefan-
Boltzmann Constant
T = absolute temperature Kelvin (K)
A = area of the emitting body (m2)
The Stefan-Boltzmann Constant in Imperial 
Units
σ = 5.6703 10-8 (W/m2K4)

= 0.1714 10-8 ( Btu/(h ft2 oR4) )
= 0.119 10-10 ( Btu/(h in2 oR4) )







吸收99.9％光美研製人造最黑物質
The "darkest ever" substance known to science has been made in a US laboratory.

怎麼樣才能算是黑呢？這個物質必須要能吸收所有波長、所有角度的
可見光波，同時一點也不能反射出來。目前最接近這個目標的，是美
國紐約 Rensselaer Polytechnic Institute 研發的一種一顆原子厚的圓筒狀
碳奈米管。將許多這種碳奈米管排在一起，就形成了一種吸光力特別
強，又不反光的材質，對製造更有效率的太陽能板有很大的助益，或
更棒的，讓 Kuro 更黑。John Pendry 教授說：「他們做出了科學界已
知最黑的材料。

Carbon nanotubes are a basic building block of nanotechnology

































Stefan-Boltzmann Law 
The energy radiated by a blackbody radiator per second per 
unit area is proportional to the fourth power of the absolute 
temperature and is given by

For hot objects other than ideal radiators, the law is 
expressed in the form:











Ideal for:

General Thermography
Printed Circuit Board (PCB) Analysis
Electrical Predictive Maintenance
Substation and Power Generation Analysis
Motor Control Centers
Uninterrupted Power Supplies (UPS)
Mechanical Preventative Maintenance
Flat Roof Inspections
Energy Audits
Building Envelope Analysis
Mold and Moisture Remediation Surveys
Quality Assurance
Security
Medical Thermography
Veterinary Medicine
Equine Thermography
Educational Presentations
Research and development

Thermal infrared  thermography

Electrical & machinery 
Predictive / Preventive 
Maintenance PM / PDM 
applications
Research & 
Development, Non 
Destructive testing
Mechanical / Steam trap 
/ distribution / 
Refractory / Boiler / 
Petrochemical 
applications
Energy audit / Heat loss 
/ building efficiency 
surveying applications
Law enforcement / 
Military / Surveillance 
for ground-based / air 
borne or marine 
applications 











View Factor

































Part (I)





4.1 Energy Balance for a Flat-Plate Collector(用於加熱熱水)





4.1





4.1.1 Collector Heat-Loss Conductance

☛





★





並聯電路
➽

➽ ➽







solar absober plate





solar absober plate

溫度
分布



☛





(矩形管)















where









4. 3  Introduction to Concentrating Solar Energy Collectors























Flat-plat solar collector T=384°k   ηcarnot=20％

Solar concentrator T=580°k  ηcarnot=40％



Intermittently Turned Concentrators-The Compound parabolic Concentrator (CPC) 
Family
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