薄膜蒸發

Basic climbing Film Evaporator

一、實驗目的

1.利用一單效蒸發器(Single-effect Evaporator)進行實驗，藉此瞭解蒸發理論的應用，並瞭解攀昇膜直立長管式蒸發器(Basic climbing Film Evaporator)之構造及其操作。
2.質能量結算練習及應用。
3.小規模濃縮加工。
4.利用改變系統壓力來觀察其蒸發速率的不同。

二、實驗原理

蒸發乃是溶液受熱，在溶液之沸點溫度即溶液沸騰狀態下，逸出溶劑，使溶液中溶質濃度提高之操作。如淨化之蔗汁，經加熱蒸發去除大量水份，提高糖份之濃度，以便於結晶製糖。
蒸發的目的在化學工廠中，為物料的濃縮。在動力工廠中，則為動力的獲得和純水的製造。蒸發操作基本上之要素為：連續供給熱能和不斷的去除蒸氣。其主要的設備裝置為一蒸發室、加熱室及去除蒸氣的裝置。
正常情況下，蒸發操作中的濃度為有價值的產品，而蒸氣在冷凝後棄去。然而，在一些特殊的狀況下，則與之相反，含有礦物質的水通常經過蒸發操作後，得一不含固體的產物，而此產物可提供作為鍋爐的給水、特殊程序的需求、或人類的消耗用。此種技術稱為水蒸餾(Water distillation)，但從技術而言，它是屬於蒸發。大規模的蒸發程序已被發展，且被用來自海水中回收飲用水，此程序中冷凝水為所要的產品，在全部水中僅一部份被回收，而其餘部份則回到海中。蒸發問題的實際解方法深受濃縮液體之特性的影響。由於廣泛的液體特性變化(在設計和操作蒸發器時，對於此液體特性需要有判斷的能力及經驗的累積)，下列僅將一些重要蒸發液體的重要特性列出：濃度(Concentration)、發泡(Foaming)、溫度敏感性(Temperature sensitivity)、鍋垢(Scale)、結構材料(Materials of construction)、比熱、濃縮熱、凝固點......等。

目前所使用的以水蒸氣加熱的管狀蒸發器，其主要型式有：
1.直立長管式蒸發器(Long-tube vertical evaporators)
a.上升流(攀昇膜)[Upward flow (climbing-film)]

b.下降流(落膜)[Downward flow(falling-film)]

c.強制循環(Forced circulation)
2.攪拌膜蒸發器

本次實驗所用的蒸發器為攀昇膜蒸發器（Basic climbing-filmevaporator），今將其裝置的流程圖及各部名稱，操作介紹如下：直立式攀昇式膜蒸發器其操作、關閉皆處於自然循環狀態。蒸發器的進料可知道並加以控制。蒸氣抽出量亦由一已知壓力狀態下操作。其主要部份包括：
(1)一管狀熱交換器，殼側為蒸氣而待濃縮的液體在管內
(2)用來除去蒸氣所帶的液體而安裝之分離器或蒸氣空間(vapor space)
(3)當作循環式單元時，有一回流管，可將由分離器流出的液體導入熱交換器底部

入口處是提供進料和水蒸氣之用，而出口處乃提供蒸氣、濃液、水蒸氣、凝結液和水蒸氣中不可凝結氣體出口之用。
代表性的管直徑為1~2 in，管長為12~32 ft。由於沸騰的作用，液體和蒸氣在管內向上流動，分離後的液體藉重力流回管底。進入蒸發器內的稀薄溶液之溫度，大約為室溫，進入器內後和由分離器回流的液體混合。
混合物進入管的底部，而水蒸氣則在管外側冷凝。進入管子的進料，以液體的型態向上流過一短距離，在液體流動過程中不斷由蒸氣吸收熱量。當液體開始沸騰時，氣泡由液體內形成，因此增加了液體和氣體混合物的速度，也提升了熱傳速率。接近管的頂部處，氣泡迅速地成長。在此區域內，蒸氣和液體團交錯上升並迅速地通過管子，而以高速由管的頂部流出。由管流出的液體和蒸氣進入分離器。分離器的直徑大於熱交換器的直徑，因此蒸氣的速度驟降。為了進一步有助於消除液滴，蒸氣在離開分離器前，須撞擊並繞過若干阻擋板，fig－A所示蒸發器只能視為循環單元操作。直立長管蒸發器對於濃縮時易於起泡的液體特別有效。當高速的液體和蒸氣混合物撞上蒸氣擋板時，氣泡即被破壞。
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All numerical references relate to the Components

Diagram on page 6 and in the experimental section of
this manual.

All letter coded references relate to the Control and
Instrumentation System Diagram on page 6 and in the
experimental section of this manual.

" The equipment comprises a single complete floor-standing

assembly. All the system components are contained
within the framework and only require connection to the
appropriate services.




[image: image2.png]The liquid to be concentrated is contained in the tall

glass feed vessel (6). The liquid flows under gravity
through a flow control valve (C2) and flowmeter (F2) to
the base of the evaporator fabrication (8). Boiling
occurs inside the vertical tube which is heated by steam
in the outer jacket. Steam supplied to the jacket is
controlled by a regulator valve (C4) and pressure in the
jacket is indicated on a pressure gauge (P1). A vent

(7) at the top of the steam jacket ensures that air is
expelled and a steam trap (9) at the Dbase allows
condensate to be expelled via the drain tube. The
liquid boils vigorously inside the evaporator forming a
film on the inside wall which is carried up the
evaporator by the evaporating water vapour. The liquid
film can be clearly seen in the glass elbow at the top
of the evaporator. The concentrated liquid and water
vapour pass to the tangential inlet of the vortex
separator (5). The water wvapour from the top of the
‘'separator passes via a manifold to a shell and tube
condenser (3). Cooling water to the condenser is
controlled by a valve (Cl) and flow rate is indicated on
a flowmeter (F1). The condensate so formed passes Dby
gravity to either one of two receiver vessels (1 and
2). Concentrated 1liquid 1leaving the base of the
separator passes back into the glass feed vessel (6). A
vent pipe is connected between the feed vessel and the

vortex separator to promote a steady flow of liquid down
the connecting pipe.

If concentration under vacuum conditions is being’
carried out, the feed is placed in the stainless sateel
feed tapk (11). The vacuum pump (10) is switched on at
the panel and the vacuum is adjusted by the valve (C6).
The vacuum is indicated on the pressure gauge (P2).

The evaporator system is protected by a pressure relief
valve (4) in the event of equipment malfunction or
operator error.

The feed vessel (6) may be drained via the drain cock
(V7) and the condensate vessels by the cocks (V2) and
(V5). To facilitate drainage, air leaks into the system
are provided in the 1lids of the condensate vessels by
cocks (V] and V2).

Changeover valves (V3 and V4) allow one condensate
vessel to be filling while the other is being drained.
The air leak points also serve as connections for a
vacuum pump (not supplied) if it is desired to run the
system under reduced pressure.

A Tee connection and control valve (C3) allow an
external feed tank (not supplied) to be connected to the
system allowing continuous once-through operation.

Temperatures within the system (T1 - T6) are monitored
using thermocouples which are connected to a direct
read-out in °C on the console. The temperature to be

indicated is selected by depressing the appropriate
button on the console.
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