國立台灣大學 九十六 學年度第 一 學期

機械工程學系教師課程教學規劃表

1、 課程基本資料
	課程名稱
	中文：冷凍空調原理

	
	英文：Heat Transfer

	課程類別
	□必修 ▓知識領域選修 □一般選修
▓大學部 □研究所(組別：   )
	班次
	X

	授課教師
	蘇金佳
	學分數
	3

	課程編號
	522 U4770
	每週上課時數
	3
	選修人數
	65

	上課時間
	二678
	先修課程
	熱力學, 流體力學, 熱傳學(可同時修)
	適修年級
	大三,大四,研究所


2、 課程教學目標與預期成效
	課程教學目標：

教導學生明瞭冷凍系統的特性及其主要應用, 即俗稱冷氣的空調. 讓學生瞭解冷凍系統的各組件之構造與特性, 包括壓縮機, 凝結器, 膨脹裝置與蒸發器等及各組件在不同條件下對整個冷凍系統性能的影響. 另外教授學生關於空調系統的計算, 包括空氣溫濕度, 天候條件, 建築物熱傳損失等.


	單元主題
	預期教學成效
	教學策略及方法
	評量方式
	養成

核心能力

	冷凍系統簡介


	瞭解整個冷凍系統的組成
	A講述教學法

C示範教學法
E問題或專題教學法
	a考試

b測驗

c作業
	U1, G1, G4

	介紹與分析冷凍系統各組件
	分析冷凍系統各組件的性能及其相互的影響
	A講述教學法

C示範教學法
E問題或專題教學法
	a考試

b測驗

c作業
	U1, U2, U3, U4, G1, G2, G4

	介紹與分析空調系統及其各組件
	明瞭空調系統的功能及相關的計算
	A講述教學法

C示範教學法
E問題或專題教學法
	a考試

b測驗

c作業
	U1, U2, U3, U4, G1, G2, G4

	說明冷媒與大氣破壞之關係
	明瞭各種冷媒對大氣臭氧層的破壞及溫室效應
	A講述教學法

C示範教學法
E問題或專題教學法
	a考試

b測驗

c作業
	U1, U2, U4, G1, G2, G4, G5


三、課程教學大綱

	l. Applications of refrigeration and air conditioning

Convey some of the breadth and diversity of the uses of refrigeration and air conditioning. Some of the air-conditioning applications described include medium-sized and large buildings, industrial, residential, and vehicular.

2. Thermal principles

   Present the material in a manner which establishes a pattern of analysis that will be applied repeatedly throughout the course. The process involves the identification of the essential elements of the problem or design, the use of simplifications or idealization to model the system to be designed or analyzed.

3. Psychrometry and wetted-surface heat transfer

   Psychrometric principles applied in this course, e.g., to load calculations, air-conditioning systems, and cooling and dehumidifying coils will be presented. Some convenient relations will be developed to express the rates of heat and mass transfer using enthalpy potential

4. Heating- and cooling load calculations

   Examine procedures for evaluating the impact of the thermal characteristics of the building envelope on the design of the HVAC systems used to maintain comfort.

5. Air-conditioning systems

   Explain the classic single-zone system, which would be used for a large auditorium of a laboratory where precise conditions are to be maintained. Multiple-zone systems that will be discussed include air systems and water systems.

6. Fan and duct systems

   Concentrate on four topics associated with the flow of air in an air system: (1) computing pressure drops of air flowing through a ducts and fittings, (2) extending the computation of pressure drops to designing a duct system, (3) understanding the characteristics of a fan, both independently and in conjunction with a duct system, and (4) designing the distribution of air in a conditioned space.

7.Pumps and pumping

   Compare air and water as media for conveying, citing reasons why air would be used in one situation and water in another. Water heaters(popularly and incorrectly called boilers) are described and thereafter the other elements of a water distribution system, including  the heat exchangers, pipes, and pumps

8.Cooling and dehumidifying coils

   Focus on the air side of a heat exchanger on the other side of which cold water or cold refrigerant flows. Discuss air-cooling coils consist of tubes with fins attached to the outside of the tubes to increase the area on the air side where the convection coefficient is generally much lower than on the refrigerant or water side.

9. Air-conditioning controls

   Explain the three major assignments of the control system of an air-conditioning plant: (1) to regulate the system so that the comfort conditions are maintained in the occupied space, (2) to operate the equipment efficiently, and (3) to protect the equipment and the building from damage and the occupants from injury. Emphasis on the logic rather than mathematical treatment of control systems.

10. Vapor-compression cycle

   Progress from the classical Carnot cycle to the actual vapor cycle. The modifications of the Carnot cycle are dictated by practical considerations. Explain the changes in the states of the refrigerant flowing through the four main components of a vapor-compression cycle: (1) compressor, (2) condenser, (3) expansion devices, and (4) evaporator.

11. Compressors

   Explain how the five most common types of refrigeration compressors work. The compressors discussed include the reciprocating, screw, centrifugal, vane, and scroll. Explain the variations of the refrigeration capacity, power requirement, and the coefficient of performance versus evaporating and condensing temperatures.

12.Condensers and evaporators

   Study evaporators and condensers together to take advantage of the features they have in common. Discuss the most widely used types of condensers and evaporators: the shell-and-tube heat exchangers and finned-coil heat exchangers. Emphases on the mechanisms prevailing when refrigerant boils are quite different from those when refrigerant condenses.

13. Expansion devices

   Explain the operation of the common types of expansion devices, the capillary tube, the superheat-controlled expansion vale, the float vale, and the constant-pressure valve. Operation of a refrigeration system using these devices will be discussed, with special emphasis on balanced and unbalanced flow conditions occurring between the expansion device and the compressor.

14. Vapor-compression-system analysis

   Explain how to predict the performance of the entire system when the characteristics of the individual components are known. A further function of the techniques to be explained is to analyze the influence on refrigeration capacity of a change in ambient temperature of the air serving the condenser.

15. Refrigerants

   Discuss the function of the primary and the secondary refrigerants used in the refrigeration system. Explain the numbering system in the halocarbon group of refrigerants. Explore the properties of various refrigerants. The greenhouse effect and the ozone depletion induced by the individual refrigerant will be discussed.

16. Absorption refrigeration

   Explain the advantage of the absorption refrigeration over the traditional, vapor-compression refrigeration. Discuss the operation of the absorption systems. Explore the properties of the commonly used water/lithium-bromide and ammonia/water solutions.


四、教科書及參考書目（書名、作者、出版者、出版日期）及輔助教材
	教科書： 

1. W. F. Stoecker and J. W. Jones: Refrigeration and Air Conditioning, 2nd Ed., 1982, Mcgraw-Hill.

2. C. P. Arora: Refrigeration and Air Conditioning, 2nd Ed., 2000, Tata McGraw-Hill.

.參考書： List of references will be distributed in class.


五、課程說明與進度

	本課程首先將介紹冷凍與空調的應用，並討論其中所涉及的各種熱流基本原理，然後分成空調原理與冷凍原理依序探討。

在空調原理的探討上，首先介紹空調空間的溫溼度變化與其中涉及的加熱與冷卻負載計算，接著說明各種空調系統及系統中所包含的元件，並依序討論各元件構造及性能，包括風扇、導管、泵、盤管及控制等。

在冷凍原理的討論方面，主要係針對最普通的蒸氣壓縮循環的操作原理與性能，並逐一討論其中所涉及的各個元件構造與性能，包括壓縮機、凝結器與蒸發器及膨脹裝置等，然後分析各元件彼此之間的影響。另外針對冷凍系統所用的冷媒探討各種性質，並說明目前使用中的冷媒可能被淘汰及可能的替代冷媒，尤其是現在越來越受重視的臭氧層破壞與地球大氣的溫室效應。最後則另外討論吸收式冷凍系統的組成與性能，並說明其在節約能源方面的潛力。

本課程96學年度第一學期各週之授課進度暫訂如下：



	週次
	講授內容概要
	教科書章節

	1
	Applications of refrigeration and air conditioning

  Air conditioning, Food storage, Special applications of refrigeration

Thermal principles

Thermodynamic properties, Thermodynamic processes, Heating and cooling, Bernoulli’s equation
	Ch. 1

 Sec. 1.1-1.10
Ch. 2

 Sec. 2.1-2.11

	2
	Thermal principles

  Heat transfer, Thermal resistance, Heat exchangers, Heat-transfer processes used by human body, Metabolism, Evaporation 

Psychrometry and wetted-surface heat transfer

Psychrometric chart, Saturation line, Relative humidity, Humidity ratio, Combines heat and mass transfer, Straight- line law

(9/25 中秋節放假)
	Ch. 2

 Sec. 2.12-2.23

Ch .3

 Sec. 3.1-3.8

	3
	Psychrometry and wetted-surface heat transfer

Adiabatic saturation, Thermodynamic wet-bulb temperature, Wet-bulb temperature, Dry air, wetted surface, Enthalpy potential

Heating- and cooling-load calculations

  Health and comfort criteria, Air quality, Estimating heat loss

and heat gain, Design conditions, Thermal transmission,

Infiltration and ventilation loads
	Ch. 3

 Sec. 3.9-3.16

Ch. 4

 Sec. 4.1-4.9

	4
	Heating- and cooling-load calculations

  Components of cooling load, Internal loads, Solar loads through transparent surfaces, Solar loads on opaque surfaces, Summary of procedures for estimating cooling loads

Air-conditioning systems

  Thermal distribution systems, Classic single-zone system, Outdoor-air control, Multiple-zone-system design calculations, Multiple-zone systems, Terminal-reheat system, Dual-duct or multizone system, Variable-air-volume systems, Water systems, Unitary systems
	Ch. 4

 Sec. 4.10-4.14

Ch. 5

 Sec. 5.1-5.10 

	5
	Fan and duct systems

  Conveying air, Pressure drop in straight and rectangular ducts, Fitting, Sudden enlargement and contraction, Turns, Branch takeoffs and entries, Velocity method, Equation-velocity method, Optimization of duct systems, System balancing, Centrifugal fans and their characteristics
	Ch. 6

Sec. 6.1-6.16



	6
	Fan and duct systems

Fan laws, Air distribution in rooms, Circular and plane jets, Diffusers and induction

Pumps and pumping

  Water and refrigerant piping, Comparison of water and air as heat-conveying media, Water heaters, Heat distribution from hot-water systems, Available pipes and tubing, Pressure drop of water flowing in pipes and fittings, Refrigerant piping, Pump characteristics and selection, Design of water-distribution system, Sizing expansion tank
	Ch. 6

 Sec. 6.17-6.20

Ch. 7

 Sec. 7.1-7.12

	7
	Cooling and dehumidifying coils

  Types of cooling and dehumidifying coils, Conditions of air passing through coil, Heat and mass transfer, Calculating surface area of a coil, Moisture removal, Actual coil condition curves, Solving outlet conditions, Partially dry coil, Coil performance from manufacturers’ catalogs

Air-conditioning controls

  Pneumatic, electric, and electronic control, Pneumatic control hardware, Direct- and reverse-acting thermostats, Temperature transmitter with receiver-controller, Liquid valves, Fail-safe design, Throttling range, Dampers, Outdoor-air control, Freeze protection
	Ch. 8

 Sec. 8.1-8.10

Ch. 9

 Sec. 9.1-9.11



	8
	The vapor-compression cycle
  Most important refrigeration cycle, Carnot refrigeration cycle, Coefficient of performance, Refrigerant, Conditions for highest coefficient of performance, Temperature limitations, Carnot heat pump, Using vapor as a refrigerant, Revisions of the Carnot cycle, Wet compression versus dry compression, Expansion process, Standard vapor-compression cycle, Properties of refrigerants, Performance of the standard vapor-compression cycle, Heat exchangers, Actual vapor-compression cycle
	Ch. 10

 Sec. 10.1-10.16

	9
	(11/13期中考)
	

	10
	Compressors

  Types of compressors, Hermetically sealed compressors, Condensing units, Performance, Volumetric efficiency, Performance of the ideal compressor, Power requirement, Refrigeration capacity, Coefficient of performance and volume flow rate per kilowatt of refrigeration, Effect of condensing temperature, Performance of actual reciprocating compressors, Actual volumetric efficiency, Compression efficiency, Compressor discharge temperatures, Capacity control
	Ch. 11

 Sec. 11.1-11.15

	11
	Compressors

  How the screw compressor functions, Performance characteristics of screw compressors, Capacity control, Vane compressors, Role of centrifugal compressors, Operation, Flash-gas removal, Performance characteristics, Tip speed to develop pressure, Choice of impeller and refrigerant, Surging, Capacity control, How various types of compressors share the field

Condensers and evaporators

  Condensers and evaporators as heat exchangers, Overall heat-transfer coefficient, Heat transfer and pressure drop of liquid in tubes and in shell
	Ch. 11

 Sec. 11.16-11.28

Ch. 12

 Sec. 12.1-12.4

	12
	Condensers and evaporators

  Extended surface; fins, Gas flowing over finned tubes, Condensers, Required condensing capacity, Condensing coefficient, Fouling factor, Desuperheating, Condenser design, Wilson plots, Air and noncondensables, Evaporators, Boiling in the shell, Boiling inside tubes, Evaporator performance, Pressure drop in tubes, Frost
	Ch. 12

 Sec. 12.5-12.20

	13
	Expansion devices

  Purpose and types of expansion devices, Capillary tubes, Selection of a capillary tube, Analytical computation of pressure drop in a capillary tube, Calculating the length of an increment, Chocked flow, Graphical method of capillary-tube selection, Constant-pressure expansion valve, Float valves, Superheat-controlled (thermostatic) expansion valve, Manufactures’ ratings of thermostatic expansion valves, Electric expansion valves
	Ch. 13

 Sec. 13.1-13.13

	14
	Vapor-compression-system analysis

  Balance points and system simulation, Reciprocation compressor, Condenser performance, Condensing-unit subsystem; graphic analysis, Condensing-unit subsystem; mathematical analysis, Evaporator performance, Performance of complete system; graphic analysis, Simulation of complete system; mathematical analysis, Some performance trends, The expansion device, Sensitivity analysis
	Ch. 14

 Sec. 14.1-14.11

	15
	Refrigerants

  Primary and secondary refrigerants, Halocarbon compounds, Inorganic compounds, Hydrocarbons, Azeotropes, Thermodynamic comparison of some common refrigerants, Physical and chemical comparison, Thermal conductivity and viscosity of refrigerants, Ozone Depletion Potential (ODP), Global Warming Potential (GWP), Basic of choice of refrigerant, Environment-Friendly refrigerants, Secondary refrigerants
	Ch. 15

 Sec. 15.1-15.11
Handouts from references

	16
	Multipressure systems

  Multipressure systems in industrial refrigeration, Removal of flash gas, Intercooling, One evaporator and one compressor, Two evaporators and one compressor, Two compressors and one evaporator, Two compressors and two evaporators, Auxiliary equipment, Compound compressors, Liquid-recirculation systems, Summary
	Ch. 16

 Sec. 16.1-16.11

	17
	Absorption refrigeration

  Relation of the absorption to the vapor-compression cycle, The absorption cycle, Coefficient of performance of the ideal absorption cycle, Temperature-pressure-concentration properties of LiBr-water solutions, Calculation of mass flow rates in the absorption cycle, Enthalpy of LiBr solution, Thermal analysis of simple absorption system, Absorption cycle with heat exchangers, Configuration of commercial absorption units, Crystallization, Capacity control, Double-effect system, Steam-driven combination with vapor compression, Aqua-ammonia system, Role of the absorption unit in refrigeration practice
	Ch. 17

 Sec. 17.1-17.15

	18
	(1/15期末考)
	


六、評分及考試

	成績評量方式：

1. 期中考佔 45-50%

2. 期末考佔 50~55%


七、授課教師與助教

	授課教師：

   蘇金佳

   工綜608室

   電話33662703

   e-mail:  chinchiasu@ntu.edu.tw
   Office hours: Fri. 12~2 pm

助教:  

 何柏慶
電話: 33664502

e-mail: r94522116@ntu.edu.tw


【註】：
本系大學部學生養成之核心能力如下：

U1.具備學理基礎及應用工程知識與技術之能力。

U2.具備設計與執行實驗，以及發掘、分析、解釋、處理問題之能力。

U3.具備設計系統、元件、製程及工程規劃與整合及創新之能力。

U4.具備執行工程實務之相關知識與技能以因應科技及工業發展的需求。

U5.認識當前與機械工程相關之先進科技與時事議題，並具備整合跨領域知識之能力。

U6.具備團隊合作之精神，有良好之表達溝通、運用外語及領導與管理之能力。

U7.具備端正之品行、健全的人格、熱心服務及重視專業倫理之精神。
本系研究所學生養成之核心能力如下：
G1.具備機械工程之專業知識與技術。

G2.具備策劃及執行專題研究之能力。

G3.具備撰寫技術報告及論文之能力。

G4.具備創新思考及獨立解決問題之能力。

G5.具備與不同領域人員協調整合之能力。

G6.具備國際觀及良好的外語能力。
G7.具備領導、管理及規劃之能力。

G8.具備終身自我學習成長之能力。
填表說明
一、課程教學目標
課程教學目標的定義為期望學生在教學結束後會有的行為表現之敘述（陳昭雄，1997）；為高度特定的目標，目的在溝通教學意向給學習者，以可觀察可測量的行為詳述學生的學習（黃光雄，2002）。
描述在課程結束想要達成的成果，包括學生在課程結束時所學到以及能夠運用的知識。教學目標有下列三項功能：
（一）能夠使教學有所依歸，而循序漸進，不致超過應該學習的範圍。
（二）使教學活動的設計有所依據，來加強學生的學習效果。

（三）使學習效果的評量有所依據，而評量的結果可以做為教學改進的指標。
    ＊課程教學目標以100~300字較為適宜，以免過於簡略或冗長。
二、教學成效（學生學習成果）
    將課程之教學目標予以「精確說明」，分項具體敘述達成教學目標後，所預期的成效及改變。包括學生在課程結束後能夠獲得並展現何種知識與能力。
    以「基本攝影」這門課程為例，可以列出的教學成效為：（陳昭雄，1997） 

    （一）認識各種照相機的特性、鏡頭尺寸、曝光速度、光圈的調整、以及顯像化學品的性質。
    （二）以一般可攜帶的相機攝影，調和顯像用的化學藥液，沖洗黑白底片，接觸印像和放大印像。
    （三）認識好的攝影作品。
三、教學策略及方法
    敘述為達成課程目標及教學成效所需實施的活動、作業與歷程等。
今參考常見之教學策略及方法，共11項（陳昭雄，1997；黃正傑，2002）：
A. 講述教學法
講述教學法是一種以某個特定主題為中心所做的有組織、有系統的口頭講授。它使用口頭的溝通。利用黑板，或傳統投影片講授教材內容。       
B. 討論教學法
討論教學的定義是一群學生在教師的指導之下，以各種討論形式，就學習上的問題參與創造性、建設性的思考，在彼此互相切磋，集思廣義之下，不但求點的切入，更求面的廣泛。在討論教學中，學生提供大部分的討論資料，教師再予匯集整理。

C. 示範教學法
教師在教學過程中，具體地解釋一個推導、操作或實驗的各項步驟。一般而言，示範在科學原理、工具設備的運作，以及用手操作等技術方面的教學可以有效地使用。例如在課堂中說明建立模型，或是解題的各項步驟；或在實驗、實習中，教師以行動代替講授。
D. 作業教學法
作業教學的活動是使學生在有目的、有計畫之下，進行手腦並用的學習活動。在這裡的學習活動，是學生利用所學之理論及技能，配合具體的物質材料、工具、及設備，在老師計畫實施之下，以完成某一項作品而達到學習的目的。作業的形式可以是書面，也可以是具體作品，或是指定題目的專題或報告。屬於單向之教學法。
E. 問題或專題教學法
問題教學是教師運用問題及發問的技巧以增加教學的效率。一般而言，單純的講述只是單向的溝通，問題教學是以有價值的問題，用系統的步驟引導學生解決問題，以增進學生的創造和解決難題的能力。例如專題之題目及內容由學生主動發掘、進行與完成。屬於雙向互動之教學法。
F. 角色扮演教學法
角色扮演教學就是設計或模擬工業界、企業界、社會和政府組織等各種真實的生活情境，有二個或二個以上的學生扮演情境中的各種角色，以實際去學習各行業職位的功能以及其人際關係，並尋找出具體的有關行業問題的解決方法。
G. 電視及多媒體教學法
每一次的電視教學首先都是課程單元的講解與示範，然後便是教室內教師的補充講解，學生運用和相互檢討等教學活動。例如影片播放、幻燈片、多媒體展示等均屬電視教學法。與講授教學法不同之處在於電視教學法具聲光效果，且教師僅負責補充講解。
H. 協同教學法
協同教學是兩個或兩個以上的教師，共同合作計畫，並根據個人的專長，將學生分成衣組或更多的小組，安排最適當的教學環境，從事教學活動。例如由數位不同專長之教師合開課程。
I. 創造教學法
創造教學乃是助長學生創造力所實施的教學。提供學生自動自發學習和獨立思考的機會。
J. 編序教學法
編序教學是將所需學習的教材分割成許多小步，然後再將這些小步所進行的文節，織成為一個按部就班的序列。編序教學運用編序教本，教學機或電腦以達成個別化教學的目的。
K. 電腦輔助教學法
電腦輔助教學是一種運用電腦為工具以幫助教師教學的方式。

＊填表時如有需要，請附加簡短文字說明教學方式，例如講述教學法是利用黑板或是傳統投影片。
四、評量方式
    評量的策略包含了蒐集教學成果的歷程，採用何種方式評量，以及如何蒐集評量成果。此外，評量方法的描述應包括如何運用評量的資料以有效改善教學。
a. 考試。例如期中考、期末考等。
b. 測驗。例如隨堂考、平時考等。
c. 作業(home work, assignment)。
d. 報告(report)。例如口頭或書面，個人或小組報告等。
e. 專題(term project)。例如口頭或書面，個人或小組專題等。
f. 實作。
g. 課堂討論。
h. 教授、助教觀察記錄。例如出席情形。
i. 其他。請簡單說明之。
＊填表時如有需要，請附加簡短文字說明評量方式，如考試為期中或期末考。報告為口頭或書面，個人或小組報告等。
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