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冷凍空調基本原理與節能

李魁鵬
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冷凍空調之應用領域
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冷凍之應用領域
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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-26 C

蒸氣壓縮循環製冷原理與系統之進化
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-1 C

-73 C

蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理與系統之進化
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蒸氣壓縮循環製冷原理動畫

冷凍壓縮循環

cycle_download.swf

往複式壓縮機

reciprocating_download.swf

渦卷式壓縮機

scroll_download.swf
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中央空調系統簡介
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中央空調系統類型

冰水主機系統

FCU (Fan Coil Unit/小型送風機空調)
CAV (Constant Air Volume/定風量全氣式風
管空調)
VAV (Variable Air Volume/變風量全氣式風
管空調)

多聯變頻冷媒系統

VRF (Variable Refrigerant Flow)
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多聯變頻冷媒系統
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中央冰水主機空調系統流程圖
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FCU (Fan Coil Unit/小型送風機空調)
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膨脹水箱(Expansion Tank) AHU(空調箱)
FCU(小型送風機)

空調系統流程圖—冰水側



台北科技大學能源與冷凍空調系 低溫與永續環境控制研究室/ 李魁鵬 23

空調系統流程—冷卻水側
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AHU(空調箱)
FCU(小型送風機)

空調系統流程圖



台北科技大學能源與冷凍空調系 低溫與永續環境控制研究室/ 李魁鵬 25

空調系統流程圖
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Two-Stage Expansion

Expansion process showing replacement of process 3 
-2 with the combination of 4-5 and 6-7.
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Flash-gas removal

Percent saving in total compressor power resulting from flash-gas 
removal at the optimum intermediate temperature.
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Percent saving

Percent saving in total compressor power resulting from intercooling at the 
optimum intermediate temperature.
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Compression between two given 
pressures

Comparison of compression between two given pressures with differing initial temperature
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Intercooling in two-stage compression
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Intercooling with a water cooled heat 
exchanger
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Intercooling with liquid refrigerant

Intercooling with (a) a watercooled heat exchanger, and 
(b) liquid refrigerant.
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Refrigerant streams in a flash-
tank/desuperheater
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Example
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Example
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Ratio of required capacities
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Percent savings in power of two-stage 
systems



15

Liquid Subcooler
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Liquid Subcooler
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Liquid Subcooler
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Liquid Subcooler
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Oil injection intercooling
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Oil injection intercooling
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Partial intercooling
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Economizer
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Example
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Optimum intercooler pressure
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Optimum intercooler pressure
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Dynamic Response
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System with one compressor and one 
evaporator using a flash tank
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One compressor and two evaporators
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One compressor and two evaporators
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One compressor and two evaporators
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Two compressor and one evaporators
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Two compressor and one evaporators
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Example
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Example
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Example
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Two compressor and two evaporators
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Example
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Example
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Example
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Example
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Liquid Recirculation System
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Effect of the Evaporating Temperature on 
Volumetric Efficiency
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Influence of the Evaporating Temperature 
on Refrigerating Capacity
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Influence of the Evaporating Temperature 
on Refrigerating Capacity
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Influence of the Evaporating Temperature 
on Refrigerating Capacity
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Influence of the Evaporating Temperature 
on Refrigerating Capacity
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Influence of the Evaporating Temperature 
on Refrigerating Capacity
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Influence of the Evaporating Temperature 
on Refrigerating Capacity
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Influence of the Condensing Temperature 
on Refrigerating Capacity
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Influence of the Condensing Temperature 
on Refrigerating Capacity
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Power Required by a Reciprocating 
Compressor
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Power Required by a Reciprocating 
Compressor
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Power Required by a Reciprocating 
Compressor
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Adiabatic Compression Efficiency
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Adiabatic Compression Efficiency



低溫與永續環境控制研究室/ 李魁鵬 31台北科技大學能源與冷凍空調系

Effect of the Evaporating and Condensing 
Temperature on System Efficiency
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Effect of the Evaporating and Condensing 
Temperature on System Efficiency
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Effect of the Evaporating and Condensing 
Temperature on System Efficiency



低溫與永續環境控制研究室/ 李魁鵬 34台北科技大學能源與冷凍空調系

Effect of the Evaporating and Condensing 
Temperature on System Efficiency
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Effect of the Evaporating and Condensing 
Temperature on System Efficiency
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Capacity Regulation



低溫與永續環境控制研究室/ 李魁鵬 37台北科技大學能源與冷凍空調系

















































Refrigeration 
Engineering
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■ 何謂冷媒

冷凍空調系統中，用以傳遞熱能，產生
冷凍效果之工作流體。依工作方式分類
可分為一次 ( Primary) 冷媒與二次
(Secondary)冷媒。依物質屬性分類可
分 為 自 然 ( Natural) 冷 媒 與 合 成
(Synthetic)冷媒。
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■ 理想的冷媒條件

1. 無毒
2. 不爆炸
3. 對金屬及非金屬無腐蝕作用
4. 不燃燒
5. 洩漏時易於察覺
6. 化學性安定
7. 對潤滑油無破壞性
8. 具有較的蒸發潛熱
9. 對環境無害
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■ 理想的冷媒物理特性

1. 蒸發壓力要高
蒸發溫度會隨應用溫度而變化，例
如冰水機之蒸發溫度約為0~5℃，冷
凍庫主機之蒸發溫度約為-20 ~ -
30℃，家用空調機之蒸發溫度約為
5~10℃。蒸發溫度愈低，蒸發壓力
亦愈低，若冷媒之蒸發壓力低於大
氣壓力時，則空氣易侵入系統，系
統處理上較為困難，因此希望冷媒
在低溫蒸發時，其蒸發壓力可高於
大氣壓力。
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■ 理想的冷媒物理特性

2. 蒸發潛熱要大
冷媒之蒸發潛熱大，表示使用較少
的冷媒便可以吸收大量的熱量。

3. 臨界溫度要高
臨界溫度高，表示冷媒凝結溫度

高，則可以用常溫的空氣或水來冷
卻冷媒而達到凝結液化的作用。

4. 冷凝壓力要低
冷凝壓力低，表示用較低壓力即可
將冷媒液化，壓縮機之壓縮比小，
可節省壓縮機之馬力。
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■ 理想的冷媒物理特性

5. 凝固溫度要低
冷媒之凝固點要低，否則冷媒在蒸發器內凍
結而無法循環。

6. 氣態冷媒之比容積要小
氣態冷媒之比容積愈小愈好，則壓縮機之容
積可縮小使成本降低，且吸氣管及排氣管可
以用較小的冷媒配管。

7. 液態冷媒之密度要高
液態冷媒之密度愈高，則液管可用較小的配
管。

8. 可溶於冷凍油，則系統不必裝油分離器
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■ 理想的冷媒化學特性

1. 化學性質穩定
蒸發溫度會隨應用溫度而變化，例如冰水機
之蒸發溫度約為0~5℃，冷在冷凍循環系統
中，冷媒只有物理變化，而無化學變化，不
起分解作用。

2. 無腐蝕性
對鋼及金屬無腐蝕性，氨對銅具有腐蝕性，
因此氨冷凍系統不得使用銅管配管；絕緣性
要好，否則會破壞壓縮機馬達之絕緣，因此
氨不得使用於密閉式壓縮機，以免與銅線圈
直接接觸。
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■ 理想的冷媒化學特性

3. 無環境污染性
對自然環境無害，不破壞臭氧層，溫室效應
低。

4. 無毒性

5. 不具爆炸性與燃燒性
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■ 冷媒種類

9

Halocarbons (鹵碳化合物冷媒)
Azeotropes (共沸冷媒)
Zeotropes(非沸冷媒)
Organic compounds (有機化合物冷媒)
Inorganic compounds (無機化合物冷媒)
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■ 冷媒的命名
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■ 冷媒種類
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■ 非共沸冷媒
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■ 非共沸冷媒
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■ 共沸冷媒
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■ 二次冷媒

16

考慮因素：



■ 二次冷媒種類

17

Ethyl alcohol (甲醇)

Methl alcohol (乙醇)

Calcium chloride(氯化鈣)

Sodium chloride (氯化鈉)

Ethylene glycol (乙烯乙二醇)

Propylene glycol (丙烯乙二醇)

Halocarbones (鹵碳化合物)

Polymers (聚合物)



■ 二次冷媒種類
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■ 二次冷媒相圖
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■ 二次冷媒相圖
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■ 二次冷媒相圖
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R-22與氨冷媒之比較
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在相同管徑的條件下所能提供之冷凍
能力比較

199

545 587

1583

0
500

1,000
1,500
2,000

冷
凍
能

力
(k
W
)

4" 6"

管徑 (inch)

相同管徑可提供之冷凍能力

HCFC-22
Ammonia

資料來源: Industrial Refrigeration Handbook, W. F. Stoecker

操作條件：30.5公尺長(100 ft)，–17.8°C (0°F)的飽和溫度吸入管。(0.56°C (1°F)
飽和溫度之降低) 
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氨冷媒之熱物理性質高於R-22之倍數

1

4

1

6

1

5.5

0

2

4

6

N
H

3/
R
-2
2
比

值

液氣比熱 蒸發潛熱 液體熱傳導係數

熱物理性質

熱物理性質比較

HCFC-22
Ammonia

資料來源: Industrial Refrigeration Handbook, W. F. Stoecker
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冷媒相對成本之比較

1

4.5

0.3
1

4.4

0.2

0

2

4

6

相
對
於

R
-2

2之
成
本
比
值

充填質量 充填體積

比較基準

冷媒相對成本比較

HCFC-22
HFC-134a
Ammonia

資料來源: Industrial Refrigeration Handbook, W. F. Stoecker
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壓縮冷凍循環性能係數比較

蒸發溫度-15°C (5°F)、冷凝溫度30°C (86°F)
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資料來源: Industrial Refrigeration Handbook, W. F. Stoecker
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年運轉成本比較
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R-22與氨冷媒之臭氧層破壞潛能(ODP)與
全球溫暖化潛能指標比較(GWP)
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資料來源: Industrial Refrigeration Handbook, W. F. Stoecker



29

總結

1. 就各種熱流與冷凍性能比較結果，NH3中央冷
凍系統明顯優於R-22個別冷凍系統。

2. 就長遠的投資角度而言，NH3中央冷凍系統的
運轉成本明顯低於R-22個別冷凍系統。

3. 中央冷凍系統提供優於個別冷凍系統之經濟、
穩健且安全的系統備載與彈性調配之能力。

4. 就長遠的前途而言，NH3中央冷凍系統的運轉
將生生不息，R-22個別冷凍系統終將因對地球臭
氧層與溫室效應之負面影響，而窮途末路，預計
西元2010年全面禁用R-22冷媒，屆時可能面對
更高的冷媒成本以及被迫修改系統。



Refrigerant Piping

李魁鵬
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