
‘-

1

Lecture 23

Instructor: Miao Yu

CE407 
SEPARATIONS
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• Even distribution of liquid flow across the cross-sectional area of the 

tower

• Good wetting of the packing

• Avoid channeling

• More likely with stacked packing than with dumped packing

• Minimize flow down walls

• Diameter of tower should be > 8x the dimension of the packing

• Desire enough open space for vapor flow

• Want to reduce DP through the tower

Design of Packed Towers
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• First packing was gravel

• Maximize surface area

• Lots of open space for vapor flow

• Shapes that do not “nest”

• Inexpensive construction

• Materials must be resistant to the process chemicals

Types of Packing
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• Bulk density used for mechanical design of tower 

• 𝑭𝒑 is used in calculations for DP and flooding

• 𝒇𝒑 is used in estimating 𝑯𝒙 and 𝑯𝒚

Characteristics of Packing
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• Simplified chart to predict when liquid hold up will 

begin

• Chart is specific to a particular size and design of 

packing

• Used to determine Loading

• Loading refers to when the amount of liquid 

held up on the packing begins to increase

• Loading begins where the slop of the curve changes

• Not easily determined with precision

Pressure Drop
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• Flooding refers to when the liquid hold up is so much that the 

void space in the packing all fills with liquid

• Flooding is BAD

• Liquid becomes continuous and you have low surface 

area and therefore low mass transfer

• Operating somewhat near flooding conditions is actually good

• Fully wet the packing and therefore maximize surface 

area available for mass transfer

• Typical flooding graph is shown

• It is specific to a particular size and design of packing

• Calculate the mass velocity of the liquid

• Use appropriate curve to determine predicted mass 

velocity of vapor that will lead to flooding

Flooding
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• Generalized Correlation for Pressure Drop

• x axis

𝑮𝒙

𝑮𝒚

𝝆𝒚

𝝆𝒙 − 𝝆𝒚

• y axis

𝑮𝒚
 𝟐 𝑭𝒑 𝝁𝒙

 𝟎.𝟏

𝒈𝒄 𝝆𝒙 − 𝝆𝒚 𝝆𝒚

Pressure Drop

▪ Calculate the value for x axis

▪ Go to the curve that corresponds to the pressure drop that you 

are trying to target

▪ Read off the value of the y axis

▪ Calculate the value for 𝑮𝒚
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• x axis

𝑮𝒙

𝑮𝒚

𝝆𝒚

𝝆𝒙

• y axis

𝑪𝒔 𝑭𝒑
 𝟎.𝟓 𝝂 𝟎.𝟎𝟓

• 𝑪𝒔 = 𝒖𝟎
𝝆𝒚

𝝆𝒙−𝝆𝒚

• Where 𝒖𝟎 is the superficial velocity

• Volumetric flow rate divided by cross-sectional 

area of the tower, 𝐒 =
𝝅 𝑫𝟐

𝟒

• Area ignores fact that packing takes up some 

of the space

Alternate Pressure Drop Correlation
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• Gives us an allowable pressure drop to use for predicting flooding

 𝟏𝟎 <  𝑭𝒑 < 𝟔𝟎 ∆𝑷𝒇𝒍𝒐𝒐𝒅 = 𝟎. 𝟏𝟏𝟓 𝑭𝒑
 𝟎.𝟕 𝒊𝒏𝒄𝒉𝒆𝒔 𝑯𝟐𝑶/𝒇𝒕

  𝑭𝒑 > 𝟔𝟎 ∆𝑷𝒇𝒍𝒐𝒐𝒅 = 𝟐. 𝟎 𝒊𝒏𝒄𝒉𝒆𝒔 𝑯𝟐𝑶/𝒇𝒕

Empirical Flooding Relationship
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• A tower packed with 1” ceramic Intalox saddles is to be built to treat 25,000 ft3 of 

entering gas per hour. 

• The ammonia content of the entering gas is 2% by volume. Ammonia-free water 

is used as absorbent. 

• The temperature of the entering gas and the water is 68 F ( = 528 R) and the 

pressure is 1 atmosphere. 

• The ratio of liquid flow to gas flow is 1.25 lb of liquid per lb of gas.

•  If the design pressure drop is 0.5 in H2O per foot of packing, what should be the 

mass velocity of the gas and the diameter of the tower?

Example 18.1, pp 573 in McCSH 
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• Use Figure 18.7

Example 18.1, pp 573 in McCSH 
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Example 18.1, pp 573 in McCSH 
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Example 18.1, pp 573 in McCSH 
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• Use Figure 18.7

• 𝝆𝒙 = 𝟔𝟐. 𝟑
𝒍𝒃𝒎

𝒇𝒕𝟑 , the density of water

• 𝝆𝒚

• Average Molecular weight is:

0.98 * 28.96 + 0.02 * 17.03 = 28.72

• Note that percent by volume is the same as molar percent

•
𝒏

𝑽
=

𝑷

𝑹𝑻
=

𝟏 𝒂𝒕𝒎

𝟎.𝟕𝟑𝟎𝟐𝟒
𝒇𝒕𝟑 𝒂𝒕𝒎

°𝑹 𝒍𝒃−𝒎𝒐𝒍
 ∗𝟓𝟐𝟖 𝑹

= 𝟎. 𝟎𝟎𝟐𝟓𝟗
𝒍𝒃−𝒎𝒐𝒍

𝒇𝒕𝟑

• 𝝆𝒚 = 𝑴𝑾 ∗
𝒏

𝑽
= 𝟐𝟖. 𝟕𝟐

𝒍𝒃𝒎

𝒍𝒃−𝒎𝒐𝒍
 ∗ 𝟎. 𝟎𝟎𝟐𝟓𝟗

𝒍𝒃−𝒎𝒐𝒍

𝒇𝒕𝟑 = 𝟎. 𝟎𝟕𝟒𝟓
𝒍𝒃𝒎

𝒇𝒕𝟑

•
𝑮𝒙

𝑮𝒚

𝝆𝒚

𝝆𝒙
= 𝟏. 𝟐𝟓

𝟎.𝟎𝟕𝟒𝟓

𝟔𝟐.𝟑
= 𝟎. 𝟎𝟒𝟑𝟐

• For ∆𝑷 = 𝟎. 𝟓" 𝒘𝒄: 𝑪𝑺 𝑭𝒑
 𝟎.𝟓 𝝂 𝟎.𝟎𝟓 = 𝟏. 𝟑𝟖

Example 18.1, pp 573 in McCSH 
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• 𝑪𝑺 𝑭𝒑
 𝟎.𝟓 𝝂 𝟎.𝟎𝟓 = 𝟏. 𝟑𝟖

•  𝑭𝒑
 𝟎.𝟓= 𝟗𝟐 = 𝟗. 𝟓𝟗

•  𝝂 𝟎.𝟓 = 𝟏 𝟎.𝟎𝟓 = 𝟏 (kinematic viscosity of water = 1 cS)

• 𝑪𝑺 =
𝟏.𝟑𝟖

𝟗.𝟓𝟗 ∗𝟏
= 𝟎. 𝟏𝟒𝟒

• 𝑪𝒔 = 𝒖𝟎
𝝆𝒚

𝝆𝒙−𝝆𝒚
 can be rearranged to 𝒖𝟎 = 𝑪𝒔

𝝆𝒙−𝝆𝒚

𝝆𝒚
 

• 𝒖𝟎 = 𝟎. 𝟏𝟒𝟒
𝟔𝟐.𝟑 −0.0745

0.0745
= 𝟒. 𝟏𝟔 Τ𝒇𝒕

𝒔

• 𝑮𝒚 = 𝒖𝟎  ∗  𝝆𝒚 = 𝟒. 𝟏𝟔 Τ𝒇𝒕
𝒔  ∗ 𝟎. 𝟎𝟕𝟒𝟓

𝒍𝒃𝒎

𝒇𝒕𝟑  ∗
𝟑𝟔𝟎𝟎 𝒔

𝒉𝒓
= 𝟏𝟏𝟏𝟔

𝒍𝒃𝒎

𝒇𝒕𝟐 𝒉𝒓

• 𝑮𝒙 = 𝟏. 𝟐𝟓 ∗ 𝑮𝒚 = 𝟏. 𝟐𝟓 ∗ 𝟏𝟏𝟏𝟔
𝒍𝒃𝒎

𝒇𝒕𝟐 𝒉𝒓
= 𝟏𝟑𝟗𝟓

𝒍𝒃𝒎

𝒇𝒕𝟐 𝒉𝒓

Example 18.1, pp 573 in McCSH 
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• 𝑮𝒚 = 𝟏𝟏𝟏𝟔
𝒍𝒃𝒎

𝒇𝒕𝟐 𝒉𝒓

• 𝑮𝒙 = 𝟏𝟑𝟗𝟓
𝒍𝒃𝒎

𝒇𝒕𝟐 𝒉𝒓

• 𝒕𝒐𝒕𝒂𝒍 𝒈𝒂𝒔 𝒎𝒂𝒔𝒔 𝒇𝒍𝒐𝒘 = 𝑽𝒐𝒍𝒖𝒎𝒆𝒕𝒓𝒊𝒄 𝑭𝒍𝒐𝒘 ∗ 𝝆𝒚 = 𝟐𝟓, 𝟎𝟎𝟎
𝒇𝒕𝟑

𝒉𝒓
 ∗ 𝟎. 𝟎𝟕𝟒𝟓

𝒍𝒃𝒎

𝒇𝒕𝟑 = 𝟏𝟖𝟔𝟑
𝒍𝒃𝒎

𝒉𝒓

• 𝑮𝒚  ∗ 𝑨𝒓𝒆𝒂 = 𝒕𝒐𝒕𝒂𝒍 𝒈𝒂𝒔 𝒎𝒂𝒔𝒔 𝒇𝒍𝒐𝒘   𝑨𝒓𝒆𝒂 = ൗ
𝒕𝒐𝒕𝒂𝒍 𝒎𝒂𝒔𝒔 𝒇𝒍𝒐𝒘

𝑮𝒚

• 𝑨𝒓𝒆𝒂 = 𝑺 =
𝟏𝟖𝟔𝟑

𝒍𝒃𝒎
𝒉𝒓

𝟏𝟏𝟏𝟔
𝒍𝒃𝒎

𝒇𝒕𝟐 𝒉𝒓

= 𝟏. 𝟔𝟕𝒇𝒕𝟐

• 𝑫 =
𝟒 ∗ 𝑺

𝝅

𝟐
=

𝟒 ∗𝟏.𝟔𝟕𝒇𝒕𝟐

𝝅

𝟐

= 𝟏. 𝟒𝟔 𝒇𝒕

Example 18.1, pp 573 in McCSH 
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