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(ABSTRACT) 

Moisture migration is responsible for much damage in modern buildings. Air 

infiltrations were almost eliminated because of the use of various qualities of materials and 

insulation. Water is mainly transferred through building materials by diffusion, under three 

different phases (vapor, liquid and bound). Most of the time, indoor and outdoor conditions 

are different and strong gradients of humidity and temperature exist within the building 

walls. 

Many models describing moisture diffusion through capillary-porous materials exist, 

but none of them is universally accepted. The proposed work includes a presentation of 

these theoretical models which will be implemented and evaluated by a series of 

experiments. Data is obtained for Oriented Strand Board (OSB). 

The existing apparatus, developed by Crimm (1992) and Mosier (1994) consists of 

a wood-based sample, sealed between two environmental chambers. Each chamber has its 

own humidity and temperature control system. This apparatus is an alternative to the 

standard “cup” method to determine moisture permeability of wood samples. The relative 

humidity is not controlled by salt solutions. Forced air circulation at the surface of the



specimen results in uniform conditions in the chamber and faster results. The experimental 

apparatus is upgraded for better control. The relative humidity is controlled in a range of 5- 

75 per cent, within 0.2 per cent of the setpoint, and the temperature can be maintained within 

0.05°C, in a range of 15-50°C. 

The apparatus operation is validated by comparing a series of isothermal data with 

published results. Good agreement is found between these data and those reported by two 

different authors. Several nonisothermal experiments are conducted to implement and 

evaluate the moisture diffusion theory.
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CHAPTER 1 

Introduction 

Energy conservation is a major concern in the building industry. It should be 

considered as the avoidance of unnecessary energy use. After 1970, there was a sharp 

escalation in petroleum prices, soon followed by increases in the cost of electricity, gas, and 

coal. It immediately became economically imperative for customers to reduce energy 

purchase costs as much as they could. The effort to reduce energy use became a concern of 

governments, and energy codes calling for better performing building were developed. Air 

leaks at windows and doors have been reduced by better construction, closer tolerances, and 

better weather-stripping. In most new buildings, infiltration has been almost eliminated. 

The amount and quality of insulation was increased as well. Thermal resistance was then 

higher, but it led to surprising damage in the structure of buildings. An increase in indoor 

humidity is a result of tight building because of reduced air ventilation and infiltration, and 

high humidity is of great importance for human health and comfort. 

The importance of the moisture problem for the building industry, which is the main 

motivation for this research, is introduced in this chapter. Several important concepts will 

also be defined. The scope and limitation of this research will then be presented.



1.1. Human comfort, health and air quality 

Since water vapor is a natural component of atmospheric air, either natural or forced 

infiltration introduces moisture in the edifice. Water vapor also comes from human 

activities, such as cooking, laundering, and occupants’ respiration. According to the 

ASHRAE Fundamentals (1981), daily water vapor production can exceed 11 kg for a family 

of four. 

Large temperature and humidity gradients between the inside and the outside of 

buildings and seasonal variations could lead to severe structural damage. However, reducing 

the level of indoor humidity alone is not a solution because a moderate level of humidity is 

necessary for the health and comfort of human beings. 

Thermal comfort is a highly subjective perception, and can be defined as the absence 

of discomfort, as in no sensation of heat or cold. Cowan (1988) classified the factors 

affecting thermal discomfort into four categories: (1) the temperature of the air, (2) the mean 

radiant temperature of the surrounding, (3) the degree of air movement and (4) the relative 

humidity. 

Many indicators of comfort exist. The most widely used one is the new ASHRAE 

comfort chart, shown in Fig. 1.1. It results from psychological research to define a 

temperature and humidity zone of comfort. This chart represents the dry-bulb temperature 

and relative humidity range of comfort on a psychometric chart, for a sedentary, lightly 

clothed person, with an air velocity of 0.2 m/s, during one hour. The data show no important



changes with long-term exposure. Comfort occurs, for sedentary people, when regulatory 

sweat is zero. 
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Figure 1.1, ASHRAE comfort chart, adapted from ASHRAE Fundamentals (1993) 

Man’s health is strongly dependent upon the indoor and outdoor environment as well. 

Since humans spend about 95 per cent of the time indoors (ASHRAE Fundamentals, 1989), 

the control of the atmosphere is important. The indoor concentration of bacteria and viruses 

is generally higher than the outdoor concentration, and transmission among people is easier 

indoors. A study by Green (1975) shows a relationship between indoor relative humidity and 

absenteeism and colds on school children and army recruits. This study suggests that an



increase of the relative humidity from 22 per cent to 35 per cent leads to a drop of 20 per cent 
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Figure.1.2. Survival of air-borne micro-organisms as affected by relative humidity (from Green, 1975). 

in all absenteeism. Dry environments are favorable for the growth of numerous bacteria. 

Figure 1.2 represents the percentage of survival microorganisms after a long period in a 

constant environment. It shows that the concentration of bacteria depends strongly upon the 

relative humidity. Other factors influence the rate of survival, such as the temperature and 

the type (and size) of the microorganism.
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Figure. 1.3. Optimum comfort and health zone (from Sterling, 1985). 

Indoor air quality is affected by relative humidity. At high humidities, 

microorganisms, like mildew and mold, grow on wall surfaces. Biological contaminants are 

then more likely to develop. A very dry environment promotes the growth of biological 

organisms and pathogens as well, as shown in a study conducted by Sterling (1985). Figure 

1.3 shows the optimum relative humidity range for health. 

The amount of moisture in buildings is not only important for humans, but it is 

critical for the durability of the construction. The presence of excessive moisture in building 

materials induces several effects that can lead to structural damage. The different effects are 

presented in the next section, as well as the consequences on the edifice. 

1.2. Water in building materials 

Building materials and components are subject to the effects of a number of agents,



some of which may influence their performance and durability and therefore lead to failure. 

Weather is the main agent of structural damage. The principal components of weather are 

as follows: solar radiation, rain, solidified water (snow or hail), air and its components (water 

vapor, oxygen, carbon dioxide, ...), and contaminants of air (dirt, salts, ...). Durability and 

performance are also affected by biological agencies, among which fungi, mold and insects 

are the most important (Ramson, 1981). 

Moisture, in solid, liquid or gaseous form is the most important agent causing 

deterioration. It is always present in the atmosphere and, when the temperature drops, 

condensation occurs. Water is slow to evaporate because of its high heat of evaporation. 

Therefore, materials can remain wet for a long period of time. Metal corrosion, biological 

growth, etc. occur and these conditions are highly favorable for deterioration. 

1.2.1. Moisture content in wood 

Water in a living tree is transported from the roots to the leaves, as a result of a 

pressure gradient. When a tree is cut, water columns are ruptured and water ceases to flow 

in the tree. The moisture content in the wood (M) at that time is called the “green” moisture 

content. It varies considerably among kinds of trees, but it also depends upon size, age, 

climatic conditions, etc. 

Moisture content is defined as the quantity of moisture in wood, expressed as a 

percentage of oven-dry mass (mass of the wood after being dried at 102 + 3°C):



WW. 
M:—_2— "x 100 = (1.1) 

where W, is the green mass and W, is the oven dried mass. 

The “fiber-saturation point”, M,, is defined as the moisture content at which the cell 

walls are fully saturated but the cell cavities contain no free liquid water (Fig. 1.4). 
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Figure 1.4. Schematic diagram showing an idealized representation of the moisture 

distribution in a wood cell cross-section, above, at and below M; 

The presence or absence of water in a liquid form in the cell cavities have an 

important effect on numerous properties of wood. The variations of these properties usually 

show a discontinuity around the fiber saturation point (see Fig. 1.5). This discontinuity is 

used to determine the fiber-saturation point. Several main properties are discontinuous when 

passing the fiber saturation point. For example, several mechanical properties such as 

strength are affected. Electrical resistance also changes with moisture content.



1.2.2. Effect of moisture on materials 

Many building materials have a large surface area as a result of the number of 

interstices, which can be interconnected or not. This internal surface area has an affinity for 

water molecules. Water molecules are held to the surface by molecular forces of attraction 

(surface adhesion). A water film forms on the surface. The film thickness depends upon the 

relative humidity (RH) which is a function of the temperature and the concentration of water 

vapor. At saturation conditions, all the interstices will be filled with water. Moisture content 

has a great impact on the moisture flow in capillary-porous bodies. The presence of water 

in the material induces three different effects that are identified as sources of structural and 

thermal degradation. 

Effect of moisture on dimensions 

Dimensional changes occur in many hygroscopic materials, most notably in wood. 

However, wood undergoes dimensional changes from different causes than other 

hygroscopic materials. Thermal expansion of wood is small, and usually considered 

unimportant for ordinary usage. Significant dimensional changes occur with moisture 

content variations. According to ASHRAE Fundamentals (1981), swelling and shrinkage 

of white oak is about 1.5 per cent in a radial direction and 3 per cent in a tangential direction 

to the grain, at an 8 per cent variation in moisture content.



Effects on the strength of wood 

The strength and mechanical properties of wood usually increase with a decreasing 

moisture content below the fiber saturation point. Above the saturation point, there are no 

changes with an increase or decrease of moisture content. 

An example of changes in strength properties is given in Fig 1.5. A linear variation 

is Shown between moisture content and a certain strength property. The actual variation 

around the inflection point (Mp) is shown in the dashed curve. For most species, Mp is from 

21 per cent to 28 per cent, and is usually around 25 per cent. The inflection point (Mp) is 

usually considered to be equal to the fiber-saturation point (M,). 
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Figure 1.5. Variation of strength with moisture content (from Gurfinkel, 1973) 

Moisture effect on heat flow 

Moisture in buildings may strongly affect heat transmission through them. It can 

increase the thermal conductivity largely by adding to the path available for heat flow.



It has been shown that in porous material partially and uniformly saturated with 

water, moisture will migrate to the cold side when submitted to a temperature gradient only 

(Thomas, 1983). This phenomenon occurs mainly through the process of evaporation, vapor 

flow and condensation within the material. Heat is transferred as latent heat of the vapor. 

Heat must be added to evaporate water and must be removed to condense water. 

Moisture diffusion into partially saturated hygroscopic and porous material occurs 

as a kind of series-parallel flow of vapor and liquid. The two types of flow (liquid and 

vapor) cannot be separated, since they are closely coupled by evaporation and condensation. 

Cases of combined heat and moisture transfer are extremely complicated, since 

neither is independent of the other. Depending upon the conditions, liquid and vapor can 

migrate in opposite directions. Moreover, gravity can play a role in the migration of the 

liquid phase. 

1.2.3. Structural damage and vapor retarders 

Structural degradation is most often the result of excessive water in the material. 

Physical changes, like wood expansion as a result of repeated cycles of freezing and thawing, 

and chemical modifications, such as steel rusting and the growth of biological organisms, are 

induced by the presence of moisture in the building construction. 

Five sources of water entry into a building have been identified (Ransom, 1981). 

Moisture entry in a building can occur from any one or more of these sources : 

10



1. Water is largely used during construction, for fixing the concrete for example. The 

amount of moisture is fairly high during the first years. 

2. Ground water migrates into the materials in contact with the soil, by capillary action. The 

height to which ground water can rise can be considerable. Ground water usually contains 

salts in solution which tend to move toward the surfaces of walls, and stain them. 

3. Liquid water can come from infiltration through gaps in the structure, during rain or 

snow. It may also enter the building by indirect penetration, through porous materials by 

capillary forces. 

4. As shown in §1.1, a great amount of moisture is produced by human activities, and these 

activities could lead to condensation on surfaces. One person, by breathing alone, produces 

0.3 1 of moisture a day. Domestic activities, like clothes washing and drying, is also a major 

source of moisture. 

5. The presence of moisture in air can lead to condensation. Condensation occurs where the 

temperature drops below the dew-point. 

In moderate climates, heating buildings during the winter causes large indoor 

humidity variations because of outdoor temperature variations. An example for annual 

variation of indoor and outdoor humidities is shown in Fig.1.6. These values are monthly 

averages of outdoor temperature and humidity in Amherst, Massachusett assuming a constant 

indoor temperature of 21°C. Water freezes in the pores of the building materials, such as 

brick or stone, and exerts a force whose magnitude depends upon the quantity of water in the 

11



material. Although these expansive forces can lead to fractures, frost damage is generally 

not important in building failures. When damage has occurred, it usually affects the 

appearance more than the stability of the wall. Repeated cycling of heating and freezing can 

lead to more severe structural damage. 

Hi%) 
  

OUTDOOR 

      _ 
50. 40 30 

EMC. (%e) MONTH 

    

  

Figure 1.6. Annual variation of outdoor and indoor humidity H at Amherst, MA (from Skaar, 1988). 

Under certain moisture conditions, wood can be attacked by decay-producing fungi 

and insects. A series of parasitic microorganisms known as fungi lead to destruction by 

decay. They derive their food from the wood cell and therefore they affect the strength of 

the material. At advanced stages of decay, wood becomes either soft and spongy, or stringy 

or crumbly. Two types of insects are usually considered - those that attack the wood before 

it has been cut and those that attack afterward. The first group includes ambrosia beatles or 

timber worms, and the second includes insects such as termites. Termites can cause serious 

damage and the only practical solution is to impregnate the wood with preservatives. 
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Vapor retarders are used to contro] the flow of water through the building envelope. 

When placed in a proper location, they function to reduce or eliminate condensation. They 

should be placed as close as possible to the warm side of the wall, at a location where they 

will be kept above the dew point temperature of the humid area. Water retarders comprise 

a wide range of materials, such as asphalt coating, polyethylene sheets, kraft paper and some 

paints. Frequently, the function of a vapor retarder (to stop vapor diffusion) is combined 

with the function of an air barrier (to stop the transportation of vapor by air movement) in - 

a composite air-vapor barrier. 

The effectiveness of a vapor retarder is expressed in "perms". In English units, 1 

perm equals 1 grain’ per square foot per hour per of inch mercury. It is used to compare 

vapor retarders. The lower the perm value, the better the vapor retarder. 

1.3. Scope of this research 

The prevention of structural damage in edifices is a major concern in the building 

industry. Despite the importance of moisture problems, a practical method to determine 

moisture transfer is not available. 

The scope of this thesis consists of implementing the diffusion theory of moisture in 

capillary-porous bodies. First, the physics of moisture transfer will be introduced. The main 

isothermal and nonisothermal diffusion models based on forms of Fick’s first law will then 

  

' A grain is a mass unit where 1 I[b,, = 7000 grain. 
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be presented. Some nonfickian models exist, but they are beyond the scope of this research. 

A new approach to modeling moisture transfer in materials is proposed and 

investigated. The new model accounts for separate processes of vapor diffusion through pore 

spaces, bound liquid transfer along the matrix of the material, and the effect of temperature 

gradients. This model is based on Fick’s law, where a common driving force, the gradient 

of the chemical potential of water, is used for both transfer mechanisms. 

The proposed work includes upgrading the existing experimental apparatus, verifying 

its operation, developing experimental procedures for characterizing the test material, and 

conducting measurements to implement and evaluate moisture diffusion theories. 

Limitations 

Since the purpose of this research is to identify the driving force for the moisture 

transfer in capillary-porous bodies, the system studied has to be simple and limited. 

While some structural materials are essentially isotropic, i.e., with nearly equal 

properties in all directions, wood has three principal grain directions (longitudinal, radial and 

tangential). Internal pores have a preferred orientation that can vary from one sample to 

another, or within the same sample. 

Builders usually use wood-based sheet materials for many reasons (strength, cost, 

etc). Two different types exists: fiberboard (made from wood reduced to a fibrous mass 

which is reconstituted using adhesive) and particle board (composed of small particles of 

wood coated with a bounding agent). In normal particle board, particle direction, and 
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therefore fiber orientation, is random; but in oriented strand board (OSB), particles are laid 

with their longitudinal axes in a desired plane. To avoid these complications, moisture 

transfer is usually considered as one dimensional, across the OSB specimen thickness. 

Because of the constant changes in temperature and humidity in building materials 

(variation between night and day, and from month to month), and the slow evaporation rate 

of water, steady-state transfer of temperature and humidity are hardly ever reached. 

However, because of the complexity of nonsteady analysis, this work is limited to steady- 

state mass transfer. Therefore, the temperature and the humidity are held constant on each 

side of the specimen for the duration of all experiments. 
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CHAPTER 2 

Moisture Transfer Theories 

As noted in the first chapter, the prevention of structural damage in buildings is a 

major concern in the building industry. Despite the importance of moisture problems in the 

building industry, a practical method to determine moisture transfer is still not available. 

Many moisture control design guidelines have been developed, like air barriers or vapor 

retarders, based on past experience. 

Since water vapor is always present in the air, it is present in most building material 

as a result of absorption, adsorption, or both. It can be in a solid, a liquid, or a gaseous 

phase. Structural damage results from excess moisture or changes in the moisture content 

of building material. Condensation causes the most severe problems. It occurs when the 

temperature of the mixture of air and moisture is below the dew-point, usually because of a 

temperature drop. Most damage occurs in cold climates during the winter or the spring. 

According to Ten Wolde (1989), the complexity of moisture movement is the greatest 

obstacle in modeling the moisture transfer. Many theoretical models have been developed, 

but none of them is universally accepted. 

16



The object of this chapter is to present the different models found in the literature for 

isothermal and nonisothermal moisture transfer in capillary-porous bodies. Physical 

arguments on moisture storage and transfer mechanisms will be introduced first. 

2.1. Moisture migration: difficulties of transport modeling 

Many building materials, like wood or concrete, are porous and hygroscopic. Water 

is stored in the material and can be transported either through the interstices or by diffusion. 

Mechanisms of transfer will be presented in § 2.1.2. First, some general notions about water 

in building materials will be introduced. Moisture sorption in capillary-porous material is 

of fundamental importance for moisture transfer. Water sorbed in the material affects its 

properties, such as porosity, and therefore modifies the moisture transfer. 

2.1.1. Moisture content in wood 

As shown in Chapter 1, the moisture content of wood (M) is defined as the quantity 

of moisture in wood, expressed as a percentage of oven-dry mass (mass of the wood after 

being dried at 102 + 3°C): 

W -W 
M-—_—* 100 (percent) (2.1) 

o 
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where W, is the "green wood" mass and W, is the oven-dried mass. 

The moisture content in a living tree is generally 30 per cent or greater. Under these 

conditions, the cell wall is fully saturated and the cell cavities contain some liquid water. 

When cut green wood is exposed to atmospheric conditions, the moisture content decreases 

until it reaches equilibrium with the ambient atmosphere (Fig. 2.1). This moisture content 

is defined as the equilibrium moisture content, or EMC. The equilibrium moisture content 

of a body depends on the temperature, relative humidity of the surrounding air, the method 

  

      

AIR-ORY 

  

Figure 2.1. Schematic diagram illustrating the three kinds of moisture in green wood 

and the two kinds in air-dry wood (from Skaar, 1988) 

of reaching the equilibrium (absorption or desorption), and several other factors like 

mechanical stress, history, etc. 
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�m�i�g�r�a�t�i�o�n� �i�n� �c�a�p�i�l�l�a�r�y�-�p�o�r�o�u�s� �b�o�d�i�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �G�a�v�i�n� �(�1�9�8�5�)�,� �t�h�e� �c�o�m�p�l�i�c�a�t�e�d� �n�a�t�u�r�e� �o�f� 

�m�o�i�s�t�u�r�e� �m�i�g�r�a�t�i�o�n� �i�s� �t�h�e� �g�r�e�a�t�e�s�t� �o�b�s�t�a�c�l�e� �i�n� �m�o�d�e�l�i�n�g� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r�.� �E�x�p�e�r�i�m�e�n�t�a�l� 

�s�t�u�d�i�e�s� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �b�u�l�k� �o�f� �w�h�a�t� �w�e� �k�n�o�w� �o�f� �t�h�e� �p�r�o�b�l�e�m�.� �T�h�e�o�r�e�t�i�c�a�l� �m�o�d�e�l�s� �u�s�u�a�l�l�y� 

�i�g�n�o�r�e� �m�a�n�y� �p�o�t�e�n�t�i�a�l�l�y� �i�m�p�o�r�t�a�n�t� �m�i�g�r�a�t�i�o�n� �e�f�f�e�c�t�s�.� 
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�F�i�g�u�r�e� �2�.�5�.� �M�e�c�h�a�n�i�s�m�s� �o�f� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �(�f�r�o�m� �G�a�v�i�n�,� �1�9�8�5�)� 

�A� �g�e�n�e�r�a�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �p�r�o�b�l�e�m� �i�s� �g�i�v�e�n� �i�n� �F�i�g�.�2�.�5�.� �M�o�i�s�t�u�r�e� �m�i�g�r�a�t�i�o�n� �i�n� 

�b�u�i�l�d�i�n�g� �m�a�t�e�r�i�a�l�s� �o�c�c�u�r�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �n�o�n�-�c�o�n�d�e�n�s�i�n�g� �g�a�s� �(�a�i�r�)� �a�n�d� �o�n�e� �o�r� �m�o�r�e� �s�o�l�i�d� 

�m�a�t�e�r�i�a�l�s� �(�w�o�o�d�,� �c�o�n�c�r�e�t�e�,� �m�e�t�a�l�,� �f�o�r� �e�x�a�m�p�l�e�)�,� �s�o�m�e� �o�f� �w�h�i�c�h� �m�a�y� �b�e� �p�o�r�o�u�s�.� �D�e�p�e�n�d�i�n�g� 

�2�2



�u�p�o�n� �t�h�e� �c�o�n�d�i�t�i�o�n�s�,� �m�o�i�s�t�u�r�e� �c�a�n� �e�x�i�s�t� �i�n� �o�n�e� �o�r� �m�o�r�e� �o�f� �i�t�s� �t�h�r�e�e� �p�h�a�s�e�s�,� �s�o�l�i�d� �(�i�c�e�)�,� �l�i�q�u�i�d� 

�a�n�d� �g�a�s� �(�w�a�t�e�r� �v�a�p�o�r�)�.� �I�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �h�y�g�r�o�s�c�o�p�i�c� �m�a�t�e�r�i�a�l�,� �a� �f�o�u�r�t�h� �p�h�a�s�e� �m�a�y� �e�x�i�s�t�,� 

�c�o�n�s�i�s�t�i�n�g� �o�f� �a�n� �a�d�s�o�r�b�e�d� �f�i�l�m� �o�f� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�o�l�i�d�.� �T�h�e�r�e� �i�s� �a�n� 

�i�m�p�o�r�t�a�n�t� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�i�s� �a�d�s�o�r�b�e�d� �w�a�t�e�r� �f�i�l�m� �(�o�r� �b�o�u�n�d� �w�a�t�e�r�)� �a�n�d� �t�h�e� �a�b�s�o�r�b�e�d� 

�w�a�t�e�r� �v�a�p�o�r�.� �A�c�c�o�r�d�i�n�g� �t�o� �G�a�v�i�n� �(�1�9�8�5�)�,� �l�a�r�g�e� �q�u�a�n�t�i�t�i�e�s� �o�f� �w�a�t�e�r� �c�a�n� �b�e� �s�t�o�r�e�d� �i�n� �t�h�e� 

�a�d�s�o�r�b�e�d� �f�i�l�m� �p�h�a�s�e�;� �f�o�r� �e�x�a�m�p�l�e�,� �w�o�o�d� �c�a�n� �a�d�s�o�r�b� �m�o�i�s�t�u�r�e� �u�p� �t�o� �3�0� �p�e�r� �c�e�n�t� �o�n� �a� �d�r�y�-� 

�w�e�i�g�h�t� �b�a�s�i�s�.� 

�A�s� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�5�,� �a� �t�r�a�n�s�i�t�i�o�n� �b�e�t�w�e�e�n� �p�h�a�s�e�s� �c�a�n� �o�c�c�u�r�.� �M�o�i�s�t�u�r�e� �c�a�n� �b�e� �s�t�o�r�e�d� 

�a�n�d� �t�r�a�n�s�p�o�r�t�e�d� �i�n� �e�a�c�h� �p�h�a�s�e� �b�y� �o�n�e� �o�r� �m�o�r�e� �p�h�y�s�i�c�a�l� �m�e�c�h�a�n�i�s�m�s�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� 

�t�h�e� �s�o�l�i�d� �p�h�a�s�e�,� �w�h�i�c�h� �i�s� �v�i�r�t�u�a�l�l�y� �i�m�m�o�b�i�l�e�.� �W�h�e�r�e�a�s� �t�h�e� �t�r�a�n�s�p�o�r�t� �a�n�d� �s�t�o�r�a�g�e� �m�e�c�h�a�n�i�s�m�s� 

�o�f� �t�h�e� �s�o�l�i�d�,� �l�i�q�u�i�d� �a�n�d� �g�a�s� �p�h�a�s�e� �o�f� �w�a�t�e�r� �a�r�e� �r�e�l�a�t�i�v�e�l�y� �w�e�l�l� �u�n�d�e�r�s�t�o�o�d�,� �t�h�e� �t�r�a�n�s�p�o�r�t� �o�f� 

�m�o�i�s�t�u�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �a�d�s�o�r�b�e�d� �p�h�a�s�e�s� �(�r�e�f�e�r�r�e�d� �t�o� �a�s� �"�t�r�a�n�s�o�r�p�t�i�o�n�"�)� �i�s� �n�o�t� �w�e�l�l� 

�k�n�o�w�n�.� 

�A�l�l� �o�f� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �d�e�s�c�r�i�b�e�d� �i�n� �F�i�g� �2�.�5� �a�r�e� �o�f� �p�o�t�e�n�t�i�a�l� �i�m�p�o�r�t�a�n�c�e� �t�o� �m�o�i�s�t�u�r�e� 

�m�i�g�r�a�t�i�o�n� �i�n� �b�u�i�l�d�i�n�g� �w�a�l�l�s�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �e�a�c�h� �s�e�p�a�r�a�t�e� �m�e�c�h�a�n�i�s�m� �w�i�l�l� �v�a�r�y� 

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �m�a�t�e�r�i�a�l� �u�s�e�d�,� �t�h�e� �e�x�p�o�s�u�r�e� �c�o�n�d�i�t�i�o�n�s�,� �e�t�c�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�n� �w�a�r�m� 

�c�l�i�m�a�t�e�s�,� �t�h�e� �s�o�l�i�d� �p�h�a�s�e� �i�s� �n�o�t� �p�r�e�s�e�n�t�,� �s�o� �t�h�e�r�e� �i�s� �n�o� �n�e�e�d� �t�o� �c�o�n�s�i�d�e�r� �t�h�e� �s�o�l�i�d� �p�h�a�s�e� 

�t�r�a�n�s�p�o�r�t� �m�e�c�h�a�n�i�s�m�.� �B�u�t� �u�s�u�a�l�l�y� �s�e�v�e�r�a�l� �o�f� �t�h�e�s�e� �t�r�a�n�s�p�o�r�t� �m�e�c�h�a�n�i�s�m�s� �a�r�e� �p�r�e�s�e�n�t� 

�s�i�m�u�l�t�a�n�e�o�u�s�l�y�,� �a�n�d� �d�i�f�f�e�r�e�n�t� �p�h�a�s�e�s� �c�a�n� �b�e� �i�n�v�o�l�v�e�d� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�.� 
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�I�n� �p�r�a�c�t�i�c�a�l� �b�u�i�l�d�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�r�e�e� �p�h�a�s�e�s� �o�f� �w�a�t�e�r� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �(�l�i�q�u�i�d�,� �v�a�p�o�r� 

�a�n�d� �b�o�u�n�d�)�.� �W�a�t�e�r� �i�s� �m�a�i�n�l�y� �t�r�a�n�s�p�o�r�t�e�d� �b�y� �d�i�f�f�u�s�i�o�n� �(�m�o�l�e�c�u�l�a�r� �m�a�s�s� �t�r�a�n�s�f�e�r�)� �a�n�d� 

�c�o�n�v�e�c�t�i�o�n�.� �S�o�m�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �d�i�f�f�u�s�i�o�n� �i�s� �t�h�e� �d�o�m�i�n�a�n�t� �m�e�c�h�a�n�i�s�m� �f�o�r� 

�w�e�l�l�-�c�o�n�s�t�r�u�c�t�e�d� �w�a�l�l�s� �(�V�e�r�s�c�h�o�o�r� �1�9�8�5� �a�n�d� �B�u�r�c�h� �1�9�8�9�)�,� �b�e�c�a�u�s�e� �t�h�e�s�e� �m�a�t�e�r�i�a�l�s� �d�o� �n�o�t� 

�a�l�l�o�w� �a�i�r� �t�o� �m�o�v�e� �t�h�r�o�u�g�h� �t�h�e� �w�a�l�l�s�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �m�o�i�s�t�u�r�e� �m�i�g�r�a�t�i�o�n� �i�n� �b�u�i�l�d�i�n�g� �w�a�l�l�s� �i�s� �f�u�r�t�h�e�r� �c�o�m�p�l�i�c�a�t�e�d� �b�e�c�a�u�s�e�:� �(�1�)� 

�i�t� �i�s� �a� �m�u�l�t�i�d�i�m�e�n�s�i�o�n�a�l� �a�n�d� �t�i�m�e� �d�e�p�e�n�d�e�n�t� �p�r�o�b�l�e�m�;� �(�2�)� �i�t� �i�s� �s�t�r�o�n�g�l�y� �c�o�u�p�l�e�d� �w�i�t�h� �t�h�e� 

�e�n�e�r�g�y� �e�q�u�a�t�i�o�n�,� �a�s� �p�o�i�n�t�e�d� �o�u�t� �i�n� �C�h�a�p�t�e�r� �1�;� �a�n�d� �(�3�)� �i�t� �i�s� �s�u�b�j�e�c�t� �t�o� �b�o�u�n�d�a�r�y�-�c�o�n�d�i�t�i�o�n�s� 

�w�h�i�c�h� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �s�p�e�c�i�f�y� �a�n�d� �w�h�i�c�h� �d�e�p�e�n�d� �o�n� �t�h�e� �m�o�i�s�t�u�r�e� �t�r�a�n�s�p�o�r�t� �r�a�t�e�.� 

�S�e�v�e�r�a�l� �m�o�d�e�l�s� �h�a�v�e� �b�e�e�n� �p�r�o�p�o�s�e�d� �f�o�r� �b�o�t�h� �i�s�o�t�h�e�r�m�a�l� �a�n�d� �n�o�n�i�s�o�t�h�e�r�m�a�l� �d�i�f�f�u�s�i�o�n�,� 

�b�u�t� �n�o�n�e� �o�f� �t�h�e�m� �i�s� �u�n�i�v�e�r�s�a�l�l�y� �a�c�c�e�p�t�e�d�.� �N�o� �s�a�t�i�s�f�a�c�t�o�r�y� �m�o�d�e�l� �h�a�n�d�l�i�n�g� �b�o�t�h� �h�u�m�i�d�i�t�y� �a�n�d� 

�t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �y�e�t�.� �T�h�e� �n�e�x�t� �t�w�o� �s�e�c�t�i�o�n�s� �w�i�l�l� �p�r�e�s�e�n�t� �t�h�e� �m�o�s�t� �u�s�e�d� 

�m�o�d�e�l�s� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �f�o�r� �i�s�o�t�h�e�r�m�a�l� �a�n�d� �n�o�n�i�s�o�t�h�e�r�m�a�l� �d�i�f�f�u�s�i�o�n� �o�f� �w�a�t�e�r� �t�h�r�o�u�g�h� 

�c�a�p�i�l�l�a�r�y�-�p�o�r�o�u�s� �b�o�d�i�e�s�.� 

�2�.�2�.� �I�s�o�t�h�e�r�m�a�l� �d�i�f�f�u�s�i�o�n� 

�W�h�e�n� �a� �s�y�s�t�e�m� �h�a�s� �t�w�o� �o�r� �m�o�r�e� �c�o�m�p�o�n�e�n�t�s� �w�i�t�h� �n�o�n�-�u�n�i�f�o�r�m� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �m�a�s�s� 

�i�s� �n�a�t�u�r�a�l�l�y� �t�r�a�n�s�f�e�r�r�e�d� �i�n� �o�r�d�e�r� �t�o� �m�a�k�e� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �s�y�s�t�e�m� �u�n�i�f�o�r�m�.� �T�h�i�s� 

�t�r�a�n�s�p�o�r�t� �o�f� �c�o�n�s�t�i�t�u�e�n�t�s�,� �t�h�e� �m�a�s�s� �t�r�a�n�s�f�e�r�,� �c�a�n� �t�a�k�e� �p�l�a�c�e� �b�y� �t�w�o� �d�i�f�f�e�r�e�n�t� �m�e�c�h�a�n�i�s�m�s�.� 
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�M�a�s�s� �c�a�n� �b�e� �t�r�a�n�s�f�e�r�r�e�d� �b�y� �t�h�e� �r�a�n�d�o�m� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �m�o�l�e�c�u�l�e�s� �i�n� �a� �s�t�a�g�n�a�n�t� �f�l�u�i�d� 

�(�m�o�l�e�c�u�l�a�r� �o�r� �d�i�f�f�u�s�i�v�e� �m�a�s�s� �t�r�a�n�s�f�e�r�)� �o�r� �b�y� �t�h�e� �m�o�t�i�o�n� �o�f� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �f�l�u�i�d� �(�c�o�n�v�e�c�t�i�v�e� 

�m�a�s�s� �t�r�a�n�s�f�e�r�)�.� �T�h�e�s�e� �t�w�o� �m�o�d�e�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �d�i�f�f�u�s�i�v�e� �a�n�d� �c�o�n�v�e�c�t�i�v�e� �h�e�a�t� �t�r�a�n�s�f�e�r�.� 

�A�s� �p�o�i�n�t�e�d� �o�u�t� �b�e�f�o�r�e�,� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �s�t�u�d�y� �c�o�n�c�e�r�n�s� �o�n�l�y� �t�h�e� �d�i�f�f�u�s�i�v�e� �m�a�s�s� 

�t�r�a�n�s�f�e�r�.� �B�e�f�o�r�e� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l�s� �f�o�r� �m�a�s�s� �d�i�f�f�u�s�i�o�n� �t�h�r�o�u�g�h� �h�y�g�r�o�s�c�o�p�i�c� 

�m�a�t�e�r�i�a�l�s�,� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l�s� �o�f� �m�a�s�s� �t�r�a�n�s�f�e�r� �w�i�l�l� �b�e� �r�e�c�a�l�l�e�d�.� �T�h�i�s� �s�e�c�t�i�o�n� �i�s� �l�a�r�g�e�l�y� �i�n�s�p�i�r�e�d� 

�b�y� �W�e�l�t�y�,� �W�i�c�k�s� �a�n�d� �W�i�l�s�o�n� �(�1�9�6�9�)�.� �O�n�l�y� �o�n�e�-�d�i�m�e�n�s�i�o�n�a�l� �b�i�n�a�r�y� �s�t�a�g�n�a�n�t� �s�y�s�t�e�m�s� �w�i�l�l� �b�e� 

�c�o�n�s�i�d�e�r�e�d�.� 

�2�.�2�1�.� �F�i�c�k ��s� �l�a�w� 

�M�o�l�e�c�u�l�a�r� �d�i�f�f�u�s�i�o�n� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �m�a�c�r�o�s�c�o�p�i�c� �t�r�a�n�s�p�o�r�t� �o�f� �m�a�s�s�,� �i�n�d�e�p�e�n�d�e�n�t� �o�f� 

�c�o�n�v�e�c�t�i�o�n�,� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �n�a�t�u�r�a�l� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �c�o�n�s�t�i�t�u�e�n�t�s� �o�f� �a� �t�h�e�r�m�o�d�y�n�a�m�i�c� 

�s�y�s�t�e�m�.� �A�t� �t�e�m�p�e�r�a�t�u�r�e�s� �a�b�o�v�e� �a�b�s�o�l�u�t�e� �z�e�r�o�,� �e�v�e�r�y� �m�o�l�e�c�u�l�e� �h�a�s� �a� �r�a�n�d�o�m� �m�o�t�i�o�n�.� �A� �g�i�v�e�n� �-� 

�m�o�l�e�c�u�l�e� �w�i�l�l� �c�o�l�l�i�d�e� �w�i�t�h� �o�t�h�e�r� �m�o�l�e�c�u�l�e�s� �a�n�d� �w�i�l�l� �m�o�v�e� �i�n� �a� �r�a�n�d�o�m� �m�o�t�i�o�n�.� �A�l�t�h�o�u�g�h� �i�t� 

�i�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �p�r�e�d�i�c�t� �t�h�e� �p�a�t�h� �o�f� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �m�o�l�e�c�u�l�e�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �s�t�a�t�e� �t�h�a�t� �t�h�e� 

�n�e�t� �f�l�o�w� �o�f� �t�h�e� �m�o�l�e�c�u�l�a�r� �s�p�e�c�i�e�s� �o�c�c�u�r�s� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �l�o�w�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 

�T�h�e� �g�o�v�e�r�n�i�n�g� �r�e�l�a�t�i�o�n�s� �f�o�r� �t�h�e� �m�a�s�s� �t�r�a�n�s�f�e�r� �a�r�e� �r�e�f�e�r�r�e�d� �a�s� �F�i�c�k ��s� �e�m�p�i�r�i�c�a�l� �l�a�w�s�.� 

�F�i�c�k ��s� �f�i�r�s�t� �l�a�w� �s�t�a�t�e�s� �t�h�e� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �f�l�u�x� �o�f� �t�h�e� �d�i�f�f�u�s�i�n�g� �s�u�b�s�t�a�n�c�e� �a�n�d� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �m�a�s�s� �t�r�a�n�s�f�e�r�.� �C�o�n�s�i�d�e�r� �a� �b�i�n�a�r�y� �m�i�x�t�u�r�e� �o�f� 
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�c�o�m�p�o�n�e�n�t�s� �A� �a�n�d� �B� �(�e�i�t�h�e�r� �s�o�l�i�d�s�,� �l�i�q�u�i�d�s� �o�r� �g�a�s�e�s�)�.� �T�h�e� �m�o�l�a�r� �f�l�u�x� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t� �A�,� 

�i�n� �d�i�r�e�c�t�i�o�n� �x�,� �i�n� �a�n� �i�s�o�t�h�e�r�m�a�l� �a�n�d� �i�s�o�b�a�r�i�c� �s�y�s�t�e�m� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� 

�J�D� �a�4� �(�2�.�2�)� 

�w�h�e�r�e� �J�,� �i�s� �t�h�e� �m�o�l�a�r� �f�l�u�x� �o�f� �A� �i�n� �t�h�e� �x� �d�i�r�e�c�t�i�o�n� �(�m�o�l�/�m ��s�)�,� �D�,� �i�s� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� 

�f�o�r� �c�o�m�p�o�n�e�n�t� �A� �t�h�r�o�u�g�h� �c�o�m�p�o�n�e�n�t� �B� �a�n�d� �d�C�,�/�d�x� �i�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �o�f� 

�c�o�m�p�o�n�e�n�t� �A�.� 

�A� �m�o�r�e� �g�e�n�e�r�a�l� �f�o�r�m�u�l�a�t�i�o�n� �o�f� �F�i�c�k ��s� �f�i�r�s�t� �l�a�w� �w�a�s� �p�r�o�p�o�s�e�d�,� 

�C� �I�-�C�D�,� �|� �&� �(�2�.�3�)� 

�w�h�e�r�e� �C� �i�s� �t�h�e� �t�o�t�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�.� �E�q�u�a�t�i�o�n� �2�.�3� �i�s� �r�e�p�o�r�t�e�d�l�y� �n�o�t� �r�e�s�t�r�i�c�t�e�d� �t�o� 

�i�s�o�t�h�e�r�m�a�l� �a�n�d� �i�s�o�b�a�r�i�c� �s�y�s�t�e�m�s�.� �I�n� �a�n� �i�s�o�t�h�e�r�m�a�l� �a�n�d� �i�s�o�b�a�r�i�c� �s�y�s�t�e�m�,� �t�h�e� �t�o�t�a�l� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� �c�o�n�s�t�a�n�t�,� �a�n�d� �e�q�u�a�t�i�o�n� �2�.�3� �c�a�n� �b�e� �s�i�m�p�l�i�f�i�e�d� �a�s� �e�q�u�a�t�i�o�n� �2�.�2�.� 

�A�n� �e�q�u�i�v�a�l�e�n�t� �e�x�p�r�e�s�s�i�o�n� �o�f� �e�q�u�a�t�i�o�n� �2�.�2� �f�o�r� �t�h�e� �m�a�s�s� �f�l�u�x� �i�n� �t�h�e� �x� �d�i�r�e�c�t�i�o�n� �i�s� 

�m ��,� �=�-� �D�,�  ��4� �(�2�.�4�)� 

�w�h�e�r�e� �m ��,�,� �i�s� �t�h�e� �m�a�s�s� �f�l�u�x� �o�f� �A� �i�n� �t�h�e� �z� �d�i�r�e�c�t�i�o�n�,� �a�n�d� �p�,� �t�h�e� �m�a�s�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �A�.� 
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�T�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �i�s� �a� �s�p�e�c�i�f�i�c� �p�r�o�p�e�r�t�y� �o�f� �a� �s�p�e�c�i�f�i�c� �s�y�s�t�e�m�.� �I�t� �d�e�p�e�n�d�s� �u�p�o�n� 

�t�h�e� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �p�r�e�s�s�u�r�e� �a�n�d� �p�o�s�s�i�b�l�y� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� �d�i�f�f�u�s�i�o�n� 

�c�o�e�f�f�i�c�i�e�n�t� �i�s� �u�s�u�a�l�l�y� �g�i�v�e�n� �i�n� �m�7�/�s� �o�r� �i�n� �f�t�?�/�h�.� 

�F�i�c�k ��s� �f�i�r�s�t� �l�a�w� �w�a�s� �f�o�u�n�d� �e�x�p�e�r�i�m�e�n�t�a�l�l�y�,� �a�n�d� �i�s� �r�e�s�t�r�i�c�t�e�d� �t�o� �i�s�o�t�h�e�r�m�a�l�,� �i�s�o�b�a�r�i�c� �a�n�d� 

�m�o�n�o�p�h�a�s�i�c� �s�y�s�t�e�m�s�.� �A�s� �s�h�o�w�n� �i�n� �§�2�.�1�.�2�,� �t�r�a�n�s�p�o�r�t� �o�f� �m�o�i�s�t�u�r�e� �t�h�r�o�u�g�h� �c�a�p�i�l�l�a�r�y�-�p�o�r�o�u�s� 

�m�a�t�e�r�i�a�l�s� �i�n�v�o�l�v�e�s� �s�e�v�e�r�a�l� �p�h�a�s�e�s�,� �a�n�d� �i�s� �u�s�u�a�l�l�y� �n�o�n�i�s�o�t�h�e�r�m�a�l�.� �M�a�n�y� �e�a�r�l�y� �i�n�v�e�s�t�i�g�a�t�o�r�s� 

�f�o�u�n�d� �t�h�a�t� �F�i�c�k ��s� �l�a�w� �c�a�n�n�o�t� �b�e� �u�s�e�d� �f�o�r� �t�h�i�s� �k�i�n�d� �o�f� �t�r�a�n�s�p�o�r�t�,� �a�n�d� �p�r�o�p�o�s�e�d� �v�a�r�i�o�u�s� 

�t�r�a�n�s�p�o�r�t� �m�o�d�e�l�s�.� �B�e�f�o�r�e� �d�i�s�c�u�s�s�i�n�g� �e�a�c�h� �s�p�e�c�i�f�i�c� �m�o�d�e�l�,� �a�n� �e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� �d�i�f�f�u�s�i�o�n� 

�m�e�c�h�a�n�i�s�m� �i�n� �w�o�o�d� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d�.� �I�t� �i�s� �b�a�s�e�d� �o�n� �f�u�n�d�a�m�e�n�t�a�l� �w�o�r�k� �b�y� �S�k�a�a�r� �(�1�9�8�8�)�.� 

�2�.�2�.�2�.� �G�e�n�e�r�a�l� �m�e�c�h�a�n�i�s�m� �o�f� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� 

�A�s� �s�h�o�w�n� �i�n� �§�2�.�1�.�2�,� �m�o�i�s�t�u�r�e� �i�n� �w�o�o�d� �m�a�y� �a�p�p�e�a�r� �i�n� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �p�h�a�s�e�s�,� �c�a�p�i�l�l�a�r�y� 

�w�a�t�e�r� �a�n�d� �v�a�p�o�r� �i�n� �t�h�e� �c�e�l�l� �c�a�v�i�t�i�e�s�,� �a�n�d� �b�o�u�n�d� �w�a�t�e�r� �i�n� �t�h�e� �c�e�l�l� �w�a�l�l�s�.� �L�i�q�u�i�d� �w�a�t�e�r� �m�o�v�e�s� 

�b�e�c�a�u�s�e� �o�f� �c�a�p�i�l�l�a�r�y� �f�o�r�c�e�s� �a�n�d� �r�e�l�a�t�e�d� �t�h�e�r�m�o�d�y�n�a�m�i�c� �p�o�t�e�n�t�i�a�l� �g�r�a�d�i�e�n�t�s�.� �V�a�p�o�r� �p�r�e�s�s�u�r�e� 

�a�n�d� �t�o�t�a�l� �p�r�e�s�s�u�r�e� �g�r�a�d�i�e�n�t�s� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �v�a�p�o�r� �f�l�o�w�,� �w�h�i�c�h� �m�a�y� �b�e� �i�m�p�o�r�t�a�n�t� �i�n� 

�t�h�e� �t�o�t�a�l� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t�.� �H�o�w�e�v�e�r�,� �a�t� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e�s�,� �s�u�c�h� �a�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� 

�b�o�u�n�d� �w�a�t�e�r� �m�o�v�e�m�e�n�t� �i�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �m�e�c�h�a�n�i�s�m�.� 

�S�k�a�a�r� �(�1�9�8�8�)� �p�r�o�p�o�s�e�d� �a� �m�o�d�e�l� �f�o�r� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n�.� �B�o�u�n�d� 

�w�a�t�e�r� �i�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �s�o�r�b�e�d� �a�t� �o�r� �n�e�a�r� �t�h�e� �s�o�r�p�t�i�o�n� �s�i�t�e�s� �i�n� �t�h�e� �c�e�l�l� �w�a�l�l� �w�h�i�c�h� �h�a�v�e� �a� �s�t�r�o�n�g� 
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�a�t�t�r�a�c�t�i�o�n� �f�o�r� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s�.� �W�a�t�e�r� �p�o�l�a�r� �m�o�l�e�c�u�l�e�s� �a�r�e� �a�t�t�r�a�c�t�e�d� �b�y� �p�o�l�a�r� �h�y�d�r�o�x�y�l� �g�r�o�u�p�s� 

�i�n� �t�h�e� �w�o�o�d� �b�y� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g�.� �T�h�e� �a�u�t�h�o�r� �c�o�n�s�i�d�e�r�e�d� �t�h�a�t� �t�h�e� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �a�r�e� 

�a�t�t�a�c�h�e�d� �t�o� �s�o�r�p�t�i�o�n� �s�i�t�e�s�,� �a�n�d� �t�h�a�t� �a� �p�a�r�t�i�c�u�l�a�r� �s�o�r�p�t�i�o�n� �s�i�t�e� �m�a�y� �c�o�n�t�a�i�n� �s�e�v�e�r�a�l� �w�a�t�e�r� 

�m�o�l�e�c�u�l�e�s� �i�n� �i�t�s� �v�i�c�i�n�i�t�y�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �o�f� �t�h�e� �w�o�o�d�.� �S�k�a�a�r� �c�o�n�s�i�d�e�r�e�d� 

�f�o�r� �i�l�l�u�s�t�r�a�t�i�o�n� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �m�o�l�e�c�u�l�e�s� �o�f� �w�a�t�e�r� �p�e�r� �s�o�r�p�t�i�o�n� �s�i�t�e�,� �o�n� �t�h�e� �a�v�e�r�a�g�e�,� �i�s� �o�n�e� 

�f�o�r� �e�v�e�r�y� �7� �p�e�r� �c�e�n�t� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�.� �F�i�g�u�r�e� �2�.�6� �r�e�p�r�e�s�e�n�t�s� �a� �h�y�p�o�t�h�e�t�i�c�a�l� �d�i�a�g�r�a�m� �o�f� �t�h�e� 

�m�o�i�s�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �w�o�o�d�,� �f�o�r� �a� �n�o�n�-�u�n�i�f�o�r�m� �a�n�d� �a� �u�n�i�f�o�r�m� �m�o�i�s�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n�.� �I�n� 

�b�o�t�h� �c�a�s�e�s� �t�h�e� �a�v�e�r�a�g�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �i�s� �1�4� �p�e�r� �c�e�n�t� �a�n�d� �t�h�e� �f�i�b�e�r� �s�a�t�u�r�a�t�i�o�n� �p�o�i�n�t� �i�s� �2�8� �p�e�r� 

�c�e�n�t�.� �T�h�e� �p�o�t�e�n�t�i�a�l� �e�n�e�r�g�y� �w�e�l�l�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �e�a�c�h� �s�o�r�p�t�i�o�n� �s�i�t�e� �(�H�,�)� �a�r�e� �s�h�o�w�n�,� �a�s� �w�e�l�l� 

�a�s� �t�h�e� �e�n�e�r�g�y� �l�e�v�e�l� �o�f� �w�a�t�e�r� �i�n� �v�a�p�o�r� �(�H�,�)�,� �l�i�q�u�i�d� �a�n�d� �b�o�u�n�d� �p�h�a�s�e� �(�H�,�)� �a�t� �d�i�f�f�e�r�e�n�t� �m�o�i�s�t�u�r�e� 

�c�o�n�t�e�n�t�s� �(�d�a�s�h�e�d� �c�u�r�v�e�)�.� 

�V�A�C�A�N�T� �W�A�T�E�R� �M�O�L�E�C�U�L�E�S� � � � 
� � 

� � 

�S�I�T�E� �N�N� 

�|� �C�E�L�L� �W�A�L�L� �|� 

�A� �Y� �-� �_� �_�-� �*� �-�-� �S�e� �_�.� �F�i�g�u�r�e� �2�.�6�:� �H�y�p�o�t�h�e�t�i�c�a�l� 
�m�o�d�e�l� �f�o�r� �i�n�t�e�r�p�r�e�t�i�n�g� 
�t�h�e� �e�f�f�e�c�t� �o�f� �m�o�i�s�t�u�r�e� 
�d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� �c�e�l�l� 
�w�a�l�l� �o�n� �t�h�e� �e�n�e�r�g�y� �l�e�v�e�l�s� 
�(�f�r�o�m� �S�k�a�a�r�,� �1�9�8�8�)�.� � � � � � � � � � � � � � 

� � 

�F�r�o�m� �F�i�g� �2�.�6�,� �i�t� �i�s� �e�v�i�d�e�n�t� �t�h�a�t� �a� �w�a�t�e�r� �m�o�l�e�c�u�l�e� �s�o�r�b�e�d� �o�n� �a� �s�i�t�e� �(�a�t� �e�n�e�r�g�y� �H�,�)� �m�u�s�t� 

�a�t�t�a�i�n� �t�h�e� �e�n�e�r�g�y� �A�H�,� �=� �H�,� �-� �H�,� �i�n� �o�r�d�e�r� �t�o� �e�v�a�p�o�r�a�t�e� �f�r�o�m� �t�h�e� �w�o�o�d�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �s�a�m�e� 

�2�8



�m�o�l�e�c�u�l�e� �m�u�s�t� �a�t�t�a�i�n� �t�h�e� �e�n�e�r�g�y� �A�H�,�=� �H�,�,�-� �H�,� �t�o� �e�s�c�a�p�e� �i�n�t�o� �t�h�e� �l�i�q�u�i�d� �f�o�r�m�.� �O�n�e� �c�a�n� �n�o�t�e� 

�f�r�o�m� �F�i�g� �2�.�6� �t�h�a�t� �A�H�,� �i�s� �s�m�a�l�l�e�r� �t�h�e�n� �A�H�,�,� �w�h�i�c�h� �e�x�p�l�a�i�n�s� �w�h�y� �t�h�e� �b�o�u�n�d� �p�h�a�s�e� �t�r�a�n�s�f�e�r� �i�s� 

�m�o�r�e� �i�m�p�o�r�t�a�n�t� �t�h�a�n� �t�h�e� �v�a�p�o�r� �p�h�a�s�e� �t�r�a�n�s�f�e�r�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �d�i�a�g�r�a�m�,� �a� �w�a�t�e�r� �m�o�l�e�c�u�l�e� �n�e�e�d�s� �t�o� �o�v�e�r�c�o�m�e� �t�h�e� �e�n�e�r�g�y�  ��b�a�r�r�i�e�r �� 

�i�n� �o�r�d�e�r� �t�o� �j�u�m�p� �f�r�o�m�,� �f�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �1�4� �p�e�r� �c�e�n�t� �s�o�r�p�t�i�o�n� �s�i�t�e� �t�o� �t�h�e� �7� �p�e�r� �c�e�n�t�.� �T�h�e� 

�a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �(�E�,�)� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �b�a�r�r�i�e�r�,� �a�n�d� �i�s� �e�q�u�a�l� �t�o� �H�,�-� �H�,� �,� �w�h�e�r�e� �H�,� 

�i�s� �t�h�e� �e�n�t�h�a�l�p�y� �l�e�v�e�l� �o�f� �t�h�e� �a�c�t�i�v�a�t�e�d� �m�o�l�e�c�u�l�e�s�.� 

�F�i�g�u�r�e� �2�.�6� �g�i�v�e�s� �s�o�m�e� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �r�e�a�s�o�n� �w�h�y� �b�o�u�n�d�-�w�a�t�e�r� �m�o�v�e�m�e�n�t� �t�a�k�e�s� �p�l�a�c�e� 

�i�n� �w�o�o�d�,� �a�n�d� �t�h�e� �d�i�r�e�c�t�i�o�n� �i�n� �w�h�i�c�h� �i�t� �m�o�v�e�s�.� �W�a�t�e�r� �m�o�l�e�c�u�l�e�s� �t�e�n�d� �t�o� �m�i�g�r�a�t�e� �t�o�w�a�r�d� �d�r�y�e�r� 

�w�o�o�d�,� �b�e�c�a�u�s�e� �d�r�y�e�r� �w�o�o�d� �c�o�n�t�a�i�n�s� �m�o�r�e� �l�o�w� �e�n�e�r�g�y� �s�i�t�e�s� �t�h�a�n� �m�o�i�s�t� �w�o�o�d�.� �T�h�e� �r�a�t�e� �o�f� 

�m�o�v�e�m�e�n�t� �o�f� �b�o�u�n�d�-�w�a�t�e�r� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �e�n�e�r�g�y� �b�a�r�r�i�e�r� �(�E�,�)� �b�e�c�a�u�s�e� �t�h�e� 

�p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� �g�i�v�e�n� �w�a�t�e�r� �m�o�l�e�c�u�l�e� �h�a�v�i�n�g� �s�u�f�f�i�c�i�e�n�t� �k�i�n�e�t�i�c� �e�n�e�r�g�y� �t�o� �o�v�e�r�c�o�m�e� �t�h�e� 

�b�a�r�r�i�e�r� �i�s� �i�n�v�e�r�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �b�a�r�r�i�e�r�.� �T�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x� �i�s� �t�h�e�r�e�f�o�r�e� �h�i�g�h�e�r� 

� � 

� � � � � � 

�1�0� �T� �|� �t�T� �T� �T� 

�a�L� �4� 

�2� �J� 
�x� �$�F� �F�i�g�u�r�e� �2�.�7�:� �B�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� 
�*� �c�o�e�f�f�i�c�i�e�n�t� �D�,� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� 

�b�r� �7� �m�e�a�n� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �f�o�r� �t�h�e� �c�e�l�l� 
�a� �.� 

�w�a�l�l� �o�f� �S�i�t�k�a� �s�p�r�u�c�e� �a�s� �m�e�a�s�u�r�e�d� 
�2�+� �7� �b�y� �S�t�a�m�m� �a�t� �2�6�.�5�°�C� �(�f�r�o�m� �S�k�a�a�r�,� 

�1�9�8�8�)�.� 
�0� �L� �l� �l� �l� �L� 

�0� �5� �i�o�s� �2�0� �2�5� �3�0� 
�M�i�%�)� 

�i�f� �t�h�e� �e�n�e�r�g�y� �b�a�r�r�i�e�r� �i�s� �l�o�w�e�r� �(�i�.�e�.� �h�i�g�h�e�r� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�)�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g� �2�.�7�.� �I�t� �s�h�o�w�s� 
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�a� �l�a�r�g�e� �c�h�a�n�g�e� �i�n� �t�h�e� �d�i�f�f�u�s�i�v�i�t�y� �c�o�e�f�f�i�c�i�e�n�t� �D�,�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e� �f�l�o�w� �r�a�t�e� �i�n�c�r�e�a�s�e�s� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�.� 

�T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �E�,� �a�n�d� �D�,�,� �a�s�s�u�m�i�n�g� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �a�s� �i�n� �F�i�c�k ��s� 

�l�a�w�,� �i�s� �g�i�v�e�n� �b�y� �t�h�e� �A�r�r�h�e�n�i�u�s� �e�q�u�a�t�i�o�n�,� 

�E� 
�D�,�=�-�D�,�e�x�p� �|� �4� �(�2�.�5�)� 

�w�h�e�r�e� �D�,� �d�e�p�e�n�d�s� �o�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �s�o�r�p�t�i�o�n� �s�i�t�e�s�.� �E�q�u�a�t�i�o�n� �2�.�5� �c�a�n� 

�b�e� �u�s�e�d� �t�o� �e�x�p�r�e�s�s� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �E�,� �i�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �D�,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �w�o�o�d� 

�t�e�m�p�e�r�a�t�u�r�e� �a�t� �c�o�n�s�t�a�n�t� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �i�s� �k�n�o�w�n�:� 

�d�(� �I�n� �D�,�)� �E�,�-�R�T�?� �d�T� �(�2�.�6�)� 

�S�k�a�a�r� �p�r�e�s�e�n�t�s� �a�n� �e�x�h�a�u�s�t�i�v�e� �s�u�m�m�a�r�y� �o�f� �d�i�f�f�e�r�e�n�t� �w�o�r�k�e�r�s �� �r�e�s�u�l�t�s�.� �M�o�s�t� 

�e�x�p�r�e�s�s�i�o�n�s� �o�f� �E�,� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �D�,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �T�,� �u�s�i�n�g� �E�q� �2�.�6�,� �a�t� 

�c�o�n�s�t�a�n�t� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�.� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �g�i�v�e�s� �v�a�l�u�e�s� �i�n� �t�h�e� �o�r�d�e�r� �o�f� 

�8�.�5� �k�c�a�l�/�m�o�l� �o�f� �w�a�t�e�r�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �E�,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �r�e�q�u�i�r�e�s� 

�m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �D�,� �a�t� �e�a�c�h� �o�f� �s�e�v�e�r�a�l� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�s�,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�e�m�p�e�r�a�t�u�r�e�.� �S�u�c�h� 

�d�a�t�a� �a�r�e� �n�o�t� �y�e�t� �a�v�a�i�l�a�b�l�e�.� 

�S�i�a�u� �(�1�9�8�4�)� �u�s�e�d� �a�n� �a�p�p�r�o�x�i�m�a�t�e� �e�q�u�a�t�i�o�n� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �d�e�p�e�n�d�e�n�c�y� �o�f� �t�h�e� 

�a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �E�,� �o�n� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �M�,� �e�x�p�r�e�s�s�e�d� �a�s� 

�E�,�-�9�2�0�0� �-� �7�0� �M� �(�k�c�a�l�)� �(�2�.�7�)� 

�3�0



�E�q�u�a�t�i�o�n� �2�.�7� �g�i�v�e�s� �r�e�a�s�o�n�a�b�l�e� �v�a�l�u�e�s� �o�v�e�r� �t�h�e� �m�o�i�s�t�u�r�e� �r�a�n�g�e� �f�r�o�m� �4� �p�e�r� �c�e�n�t� �t�o� �2�5� �p�e�r� �c�e�n�t�,� 

�a�t� �a� �t�e�m�p�e�r�a�t�u�r�e� �T� �o�f� �3�0�0� �K�.� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �t�h�e� �m�o�d�e�l� �p�r�e�s�e�n�t�e�d� �b�y� �S�k�a�a�r� �i�s� �a�t�t�r�a�c�t�i�v�e�,� �b�e�c�a�u�s�e� �i�t� �c�l�e�a�r�l�y� �r�e�p�r�e�s�e�n�t�s� 

�t�h�e� �p�h�y�s�i�c�s� �o�f� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �m�e�c�h�a�n�i�s�m�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�i�s� �m�o�d�e�l� �i�s� �n�o�t� 

�e�a�s�y� �t�o� �u�s�e� �i�n� �d�e�f�i�n�i�n�g� �a� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �f�o�r� �d�i�f�f�u�s�i�o�n� �f�o�r� �t�w�o� �r�e�a�s�o�n�s�.� �F�i�r�s�t�,� �t�h�e� 

�a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �i�s� �n�o�t� �a� �r�e�a�l� �t�h�e�r�m�o�d�y�n�a�m�i�c� �p�r�o�p�e�r�t�y�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �n�o� �e�x�a�c�t� �e�q�u�a�t�i�o�n� �t�o� 

�c�a�l�c�u�l�a�t�e� �t�h�e� �d�e�p�e�n�d�e�n�c�y� �o�f� �E�,� �o�n� �t�w�o� �t�h�e�r�m�o�d�y�n�a�m�i�c� �p�r�o�p�e�r�t�i�e�s� �(�T� �a�n�d� �P� �f�o�r� �e�x�a�m�p�l�e�)� 

�e�x�i�s�t�s�.� �S�e�c�o�n�d�,� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �E�,� �r�e�q�u�i�r�e�s� �k�n�o�w�l�e�d�g�e� �o�f� �D�,�,� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� 

�a�s�s�u�m�i�n�g� �a� �F�i�c�k ��s� �l�a�w� �b�a�s�e�d� �o�n� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t�,� �a�n� �i�d�e�a� �w�h�i�c�h� �w�i�l�l� �b�e� �s�h�o�w�n� �t�o� �b�e� 

�i�n�v�a�l�i�d� �l�a�t�e�r�.� 

�A�s� �p�o�i�n�t�e�d� �o�u�t� �b�e�f�o�r�e�,� �a� �s�i�m�p�l�e� �d�i�f�f�u�s�i�o�n� �m�o�d�e�l� �b�a�s�e�d� �o�n� �F�i�c�k ��s� �f�i�r�s�t� �l�a�w� �c�a�n�n�o�t� �b�e� 

�u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� �t�h�r�o�u�g�h� �w�o�o�d�.� �O�t�h�e�r� �m�o�d�e�l�s�,� �s�i�m�p�l�e�r� �t�h�a�n� �S�k�a�a�r ��s�,� �h�a�v�e� 

�b�e�e�n� �p�r�o�p�o�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x� �f�o�r� �i�s�o�t�h�e�r�m�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �o�b�j�e�c�t� �o�f� �t�h�e� 

�n�e�x�t� �s�e�c�t�i�o�n� �i�s� �t�o� �p�r�e�s�e�n�t� �t�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �u�s�e�d� �m�o�d�e�l�s�.� 

�2�.�2�.�3�.� �I�s�o�t�h�e�r�m�a�l� �d�i�f�f�u�s�i�o�n� �m�o�d�e�l�s� 

�M�o�s�t� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�u�d�i�e�s� �o�n� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �h�a�v�e� �b�e�e�n� �p�e�r�f�o�r�m�e�d� �u�n�d�e�r� 

�i�s�o�t�h�e�r�m�a�l� �c�o�n�d�i�t�i�o�n�s�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �i�n�d�u�s�t�r�i�a�l� �i�m�p�o�r�t�a�n�c�e� �o�f� �d�r�y�i�n�g�,� �w�h�i�c�h� �i�s� �o�f�t�e�n� 

�i�s�o�t�h�e�r�m�a�l�.� �S�t�r�i�c�t�l�y� �s�p�e�a�k�i�n�g�,� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�f� �m�o�l�e�c�u�l�e�s� �i�n�d�u�c�e�s� �s�o�m�e� �t�r�a�n�s�f�e�r� �o�f� 

�e�n�e�r�g�y�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �c�o�u�p�l�e�d� �m�a�s�s� �a�n�d� �e�n�e�r�g�y� �e�q�u�a�t�i�o�n�.� �T�h�i�s� �e�f�f�e�c�t� �w�a�s� �n�e�g�l�e�c�t�e�d� �i�n� �m�o�s�t� 
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�c�a�s�e�s� �o�f� �i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n�,� �b�u�t� �h�a�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� 

�T�h�e� �c�o�n�t�r�o�v�e�r�s�y� �i�n� �u�s�i�n�g� �F�i�c�k ��s� �l�a�w� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �t�h�r�o�u�g�h� 

�w�o�o�d� �a�n�d� �o�t�h�e�r� �s�i�m�i�l�a�r� �m�a�t�e�r�i�a�l�s� �i�s� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �c�a�u�s�i�n�g� �t�h�e� 

�m�o�v�e�m�e�n�t� �i�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �d�C�/�d�x�.� �B�a�b�b�i�t�t� �(�1�9�5�0�)� �f�i�r�s�t� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a�n�o�t�h�e�r� 

�p�o�t�e�n�t�i�a�l� �i�s� �i�n�v�o�l�v�e�d�.� 

�A� �n�u�m�b�e�r� �o�f� �m�o�i�s�t�u�r�e� �p�o�t�e�n�t�i�a�l�s� �w�e�r�e� �t�h�e�n� �p�r�o�p�o�s�e�d� �b�y� �m�a�n�y� �a�u�t�h�o�r�s�,� �a�s� �s�h�o�w�n� �i�n� 

�T�a�b�l�e� �2�.�1�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�,� �t�h�e� �m�o�s�t� �u�s�e�d� �d�r�i�v�i�n�g� �f�o�r�c�e�s� �f�o�r� �F�i�c�k ��s� �l�a�w� �a�r�e� 

�t�h�e� �g�r�a�d�i�e�n�t�s� �o�f� �t�h�e� �p�a�r�t�i�a�l� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �i�n� �e�q�u�i�l�i�b�r�i�u�m� �w�i�t�h� �t�h�e� �w�o�o�d�,� �t�h�e� �c�h�e�m�i�c�a�l� 

�p�o�t�e�n�t�i�a�l� �a�n�d� �t�h�e� �s�p�r�e�a�d�i�n�g� �p�r�e�s�s�u�r�e�.� �S�k�a�a�r� �(�1�9�8�8�)� �h�a�s� �s�h�o�w�n� �t�h�a�t�,� �u�n�d�e�r� �i�s�o�t�h�e�r�m�a�l� 

�c�o�n�d�i�t�i�o�n�s�,� �e�a�c�h� �t�r�a�n�s�p�o�r�t� �c�o�e�f�f�i�c�i�e�n�t� �K�;� �c�a�n� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �F�i�c�k ��s� �l�a�w� �c�o�e�f�f�i�c�i�e�n�t� �D�,� �(�T�a�b�l�e� 

�2�.�1�.�)�,� �i�f� �t�h�e� �r�a�t�e� �o�f� �c�h�a�n�g�e� �o�f� �t�h�e� �a�s�s�u�m�e�d� �p�o�t�e�n�t�i�a�l� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �C� �i�s� �k�n�o�w�n�.� �C�a�l�c�u�l�a�t�i�o�n�s� 

�u�s�i�n�g� �e�i�t�h�e�r� �p�o�t�e�n�t�i�a�l� �g�i�v�e� �t�h�e� �s�a�m�e� �r�e�s�u�l�t�s�.� �S�o�m�e� �o�f� �t�h�e� �m�o�r�e� �w�i�d�e�l�y� �u�s�e�d� �m�o�d�e�l�s� �w�i�l�l� �b�e� 

�b�r�i�e�f�l�y� �d�e�s�c�r�i�b�e�d�,� �b�a�s�e�d� �o�n� �t�h�e� �w�o�r�k� �b�y� �S�k�a�a�r� �(�1�9�8�8�)�.� 
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�T�a�b�l�e� �2�.�1� �:� �T�a�b�u�l�a�t�i�o�n� �o�f� �s�o�m�e� �m�o�i�s�t�u�r�e� �t�r�a�n�s�p�o�r�t� �c�o�e�f�f�i�c�i�e�n�t�s� �u�s�e�d� �f�o�r� �w�o�o�d�,� 
�a�s�s�u�m�e�d� �p�o�t�e�n�t�i�a�l�s�,� �a�n�d� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �D�,� �(�f�r�o�m� �S�k�a�a�r�,� �1�9�8�8�)�.� 

� � 

� � 

�A�s�s�u�m�e�d� �p�o�t�e�n�t�i�a�l� �S�y�m�b�o�l� �(�u�n�i�t�s�)� �T�r�a�n�s�p�.� �c�o�e�f�f�.� �(�u�n�i�t�s�)� �R�e�l�a�t�i�o�n�s�h�i�p� �t�o� �c�o�e�f�f�i�c�i�e�n�t� �D� 

�M�o�i�s�t�u�r�e� �c� �D� �=� �~�J�/�(�@�c�/�8�x�)� �D�=�D� 

�c�o�n�c�.� �(�g�/�c�m�?�)� �(�c�m�?�/�s�)� 

�F�r�a�c�t�i�o�n�a�l� �m�i� �K�,� �=�  ��J�/�(�8�m�/�0�x�)� �K�,�,� �=� �D�(�d�c�/�d�m�)� 

�M�.�C�.� �_� �(�g�/�g�)� �(�g�/�c�m�/�s�)� 
�V�a�p�o�r� �P� �K�,� �=�  ��J�/�(�8�p�/�d�x�)� �K�,� �=� �D�(�8�¢�/�8�p�)� 
�p�r�e�s�s�u�r�e� �(�e�r�g�/� �c�m�?�)� �(�g�-�c�m�?�/� �e�r�g�/�s�)� 

�W�a�t�e�r� �h� �K�,� �=� �~ ��J�/�(�8�h�/�d�x�)� �K�,�,� �=� �D�(�d�c�/�8�h�)� 
�a�c�t�i�v�i�t�y� �(�r�a�t�i�o�)� �(�g�/�c�m�/�s�)� 

�C�h�e�m�i�c�a�l� �L�u� �K�,� �=� �~�J�/�(�O�u�/�0�x�)� �K�,�,� �=� �D�(�8�¢�/�8�u�)� 
�p�o�t�e�n�t�i�a�l� �(�e�r�g�/�m�o�l�)� �(�g�-�m�o�l�/�c�m�?�/�e�r�g�/�s�)� 

�O�s�m�o�t�i�c� �1� �K�,� �=�  ��J�S�/�(�0�x�/�8�x�)� �K�,� �=� �D�(�8�c�/�8�n�)� 
�p�r�e�s�s�u�r�e� �(�e�r�g�/� �e�m�?�)� �(�g�-�c�m�?�/�e�r�g�/� �s�)� 

�S�p�r�e�a�d�i�n�g� �Q� �K�y� �=� �~ ��J�/�(�8�9�/�8�x�)� �K�,� �=� �D�(�8�c�/�8�¢�)� 
�p�r�e�s�s�u�r�e� �(�e�r�g�/�c�m�?�)� �(�g�-�c�m�/�e�r�g�/�s�)� 
� � 

�2�.�2�.�3�.�1�.� �M�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �g�r�a�d�i�e�n�t� 

�T�h�e� �e�a�r�l�y� �m�o�d�e�l�s� �f�o�r� �d�r�y�i�n�g� �a�n�d� �s�o�r�p�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �u�s�e�d� �t�h�e� �g�r�a�d�i�e�n�t� �o�f� �t�h�e� �b�o�u�n�d� 

�w�a�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �O�n�l�y� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �w�a�s� �d�e�s�c�r�i�b�e�d�,� �b�e�c�a�u�s�e� �i�t� �w�a�s� �a�s�s�u�m�e�d� 

�t�o� �b�e� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �t�r�a�n�s�f�e�r�.� �S�k�a�a�r� �(�1�9�5�4�)�,� �S�t�a�m�m� �(�1�9�5�9�,� �1�9�6�0�)�,� �C�o�m�s�t�o�c�k� �(�1�9�6�3�)�,� 

�a�m�o�n�g� �o�t�h�e�r�s�,� �d�e�r�i�v�e�d� �a�n�d� �u�s�e�d� �t�h�e�s�e� �m�o�d�e�l�s�.� 

�T�h�e� �g�r�a�d�i�e�n�t� �i�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �b�o�u�n�d� �w�a�t�e�r� �i�s� �e�x�p�r�e�s�s�e�d� �e�i�t�h�e�r� �a�s� �m�a�s�s� �p�e�r� �u�n�i�t� 

�v�o�l�u�m�e� �o�r� �a�s� �m�a�s�s� �p�e�r� �u�n�i�t� �m�a�s�s� �o�f� �d�r�y� �w�o�o�d� �(�m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�)�,� �a�s� �s�h�o�w�n� �i�n� �t�a�b�l�e� �2�.�1�.� �T�h�e� 

�u�s�e� �o�f� �K�,�,� �a�n�d� �t�h�e� �m�o�i�s�t�u�r�e� �g�r�a�d�i�e�n�t� �d�M�/�d�x� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �i�s� �t�h�e� �s�a�m�e� 

�a�s� �u�s�i�n�g� �F�i�c�k ��s� �l�a�w� �i�n� �i�t�s� �o�r�i�g�i�n�a�l� �f�o�r�m�,� �b�e�c�a�u�s�e� �K�,�,� �i�s� �r�e�l�a�t�e�d� �t�o� �D� �b�y� �a� �c�o�n�s�t�a�n�t�.� �T�h�e� �s�l�o�p�e� 
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�d�C�/�d�M� �d�e�c�r�e�a�s�e�s� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �s�w�e�l�l�i�n�g� �o�f� �w�o�o�d� �(�S�k�a�a�r�,� 

�1�9�8�8�)�.� 

�H�o�w�e�v�e�r�,� �a�s� �p�o�i�n�t�e�d� �o�u�t� �b�y� �S�t�a�n�i�s�h� �(�1�9�8�6�)�,� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s� �d�e�r�i�v�e�d� �u�s�i�n�g� 

�t�h�i�s� �a�p�p�r�o�a�c�h� �w�e�r�e� �s�t�r�o�n�g� �f�u�n�c�t�i�o�n�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e�,� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�n�d� �w�o�o�d� �p�r�o�p�e�r�t�i�e�s�.� 

�B�r�a�m�h�a�l�l� �(�1�9�7�6�)� �r�e�c�o�g�n�i�z�e�d� �t�h�i�s� �d�i�s�a�d�v�a�n�t�a�g�e�,� �a�n�d� �p�r�o�p�o�s�e�d� �t�o� �u�s�e� �t�h�e� �g�r�a�d�i�e�n�t� �i�n� �v�a�p�o�r� 

�p�r�e�s�s�u�r�e� �i�n�s�t�e�a�d� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �a�s� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e�.� 

�2�.�2�.�3�.�2�.� �V�a�p�o�r� �p�r�e�s�s�u�r�e� �g�r�a�d�i�e�n�t� 

�B�r�a�m�h�a�l�l� �(�1�9�7�6�)� �a�n�d� �W�e�n�g�e�r� �(�1�9�7�7�)� �p�o�i�n�t�e�d� �o�u�t� �s�o�m�e� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n� �u�s�i�n�g� �F�i�c�k ��s� �l�a�w� 

�t�o� �m�o�d�e�l� �d�i�f�f�u�s�i�o�n� �o�f� �m�o�i�s�t�u�r�e� �t�h�r�o�u�g�h� �w�o�o�d�,� �a�n�d� �p�r�o�p�o�s�e�d� �t�h�e� �g�r�a�d�i�e�n�t� �i�n� �v�a�p�o�r� �p�r�e�s�s�u�r�e� 

�a�s� �t�h�e� �c�o�r�r�e�c�t� �d�r�i�v�i�n�g� �f�o�r�c�e�.� �M�a�n�y� �p�a�p�e�r�s� �w�e�r�e� �t�h�e�n� �p�u�b�l�i�s�h�e�d� �t�o� �e�x�c�h�a�n�g�e� �i�d�e�a�s� �a�n�d� 

�t�h�o�u�g�h�t�s�:� �R�o�s�e�n� �(�1�9�7�6�)�,� �B�r�a�m�h�a�l�l� �(�1�9�7�7�)�,� �B�a�b�b�i�t�t� �(�1�9�7�7�)�,� �B�r�a�m�h�a�l�l� �(�1�9�7�9�)�,� �a�m�o�n�g� �o�t�h�e�r�s�.� 

�T�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x� �o�f� �b�o�u�n�d� �w�a�t�e�r�,� �u�s�i�n�g� �t�h�e� �g�r�a�d�i�e�n�t� �o�f� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �a�s� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e� 

�i�s� �e�x�p�r�e�s�s�e�d� �a�s� 

�d�P� �J�2�-�-�K� �&� �>� �O�e� �(�2�.�8�)� 

�w�h�e�r�e� �J� �i�s� �t�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x� �(�k�g�/�m ��s�)� �a�n�d� �P� �i�s� �t�h�e� �p�a�r�t�i�a�l� �w�a�t�e�r� �v�a�p�o�r� �p�r�e�s�s�u�r�e�.� 

�N�u�m�b�e�r�s� �o�f� �p�a�p�e�r�s� �w�e�r�e� �p�u�b�l�i�s�h�e�d� �u�s�i�n�g� �t�h�i�s� �g�r�a�d�i�e�n�t� �a�n�d� �i�t� �i�s� �n�o�w� �t�h�e� �m�o�s�t� �u�s�e�d� 

�d�r�i�v�i�n�g� �f�o�r�c�e�.� �I�t� �i�s� �w�i�d�e�l�y� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�f� �v�a�p�o�r� �t�h�r�o�u�g�h� �n�o�n�-�p�o�r�o�u�s



�m�a�t�e�r�i�a�l�s� �s�u�c�h� �a�s� �p�o�l�y�m�e�r� �f�i�l�m�s� �u�s�e�d� �f�o�r� �v�a�p�o�r� �b�a�r�r�i�e�r�s�.� �T�h�e� �c�o�e�f�f�i�c�i�e�n�t� �K�,� �i�s� �o�f�t�e�n� �c�a�l�l�e�d� 

�t�h�e�  ��p�e�r�m�e�a�b�i�l�i�t�y� �c�o�n�s�t�a�n�t ��.� 

�2�.�2�.�3�.�3�.� �C�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �g�r�a�d�i�e�n�t� 

�T�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �(�o�r� �G�i�b�b�s� �f�r�e�e� �e�n�e�r�g�y�)� �i�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� 

�e�q�u�i�l�i�b�r�i�u�m� �h�a�s� �b�e�e�n� �r�e�a�c�h�e�d� �i�n� �a� �t�h�e�r�m�o�d�y�n�a�m�i�c� �s�y�s�t�e�m�.� �C�h�e�m�i�c�a�l� �e�q�u�i�l�i�b�r�i�u�m� �c�a�n� �b�e� 

�d�e�f�i�n�e�d� �a�s� �t�h�e� �c�o�n�d�i�t�i�o�n� �w�h�e�n� �a�l�l� �c�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n�s� �h�a�v�e� �r�e�a�c�h�e�d� �e�q�u�i�l�i�b�r�i�u�m� �s�o� �t�h�a�t� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�l�l� �c�h�e�m�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �i�s� �u�n�c�h�a�n�g�i�n�g�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �M�c�G�l�a�s�h�a�n� �(�1�9�7�9�)�,� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �p� �f�o�r� �a� �r�e�a�l� �g�a�s� �i�s� �g�i�v�e�n� �b�y� 

�t�h�e� �e�q�u�a�t�i�o�n� 

� � �u�(�T�,�p�)� �=� �y�°�(�T�)� �+� �R�T� �o�f� �P�|� �+� �[ �� �f� �7� �A�L� �|� �d�p� �(�2�.�9�)� 
�P�?� 

�w�h�e�r�e� �1�1�°�(�T�)� �i�s� �t�h�e� �s�t�a�n�d�a�r�d� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �s�u�b�s�t�a�n�c�e� �a�t� �t�e�m�p�e�r�a�t�u�r�e� �T�,� �R� �i�s� �t�h�e� �g�a�s� 

�c�o�n�s�t�a�n�t�,� �P� �i�s� �t�h�e� �p�a�r�t�i�a�l� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �i�d�e�a�l� �g�a�s�,� �P�°� �i�s� �t�h�e� �s�t�a�n�d�a�r�d� �p�r�e�s�s�u�r�e� �a�n�d� �V�,�,� �i�s� �t�h�e� 

�m�o�l�a�r� �v�o�l�u�m�e� �o�f� �t�h�e� �s�u�b�s�t�a�n�c�e�.� 

�T�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �w�a�t�e�r� �v�a�p�o�r�,� �a�s�s�u�m�i�n�g� �t�h�a�t� �w�a�t�e�r� �v�a�p�o�r� �i�s� �a�n� �i�d�e�a�l� �g�a�s�,� 

�i�s� �u�s�u�a�l�l�y� �d�e�f�i�n�e�d� �u�s�i�n�g� 

�u�(�T�,�p�)� �=� �w�"�(�T�)� �+� �R�T� �I�n�(�h�)� �(�2�.�1�0�)� 

�3�5



�s�i�n�c�e� �t�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �h� �i�s� �d�e�f�i�n�e�d� �a�s� �h� �=� �p�/�p�,�,�,�=� �R�H�/�1�0�0�.� �T�h�e� �s�y�m�b�o�l� �p�u �� �d�e�n�o�t�e�s� �t�h�e� 

�c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �w�a�t�e�r� �v�a�p�o�r� �a�t� �t�h�e� �s�a�t�u�r�a�t�i�o�n� �p�r�e�s�s�u�r�e� �a�t� �t�e�m�p�e�r�a�t�u�r�e� �T�.� 

�K�a�w�a�i� �e�t� �a�l�.� �(�1�9�7�8�,� �1�9�8�0�)� �u�s�e�d� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �t�o� �e�x�p�r�e�s�s� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� 

�d�i�f�f�u�s�i�o�n� �f�o�r� �i�s�o�t�h�e�r�m�a�l� �d�r�y�i�n�g�.� �A�t� �a� �c�o�n�s�t�a�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� 

�d�u� �d�i�n�P� �S�F� �e�s� �R�T�O� �(�2�.�1�1�)� 

�T�h�e� �c�a�l�c�u�l�a�t�e�d� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �w�a�s� �e�x�p�o�n�e�n�t�i�a�l�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�,� 

�a�l�t�h�o�u�g�h� �d�a�t�a� �s�h�o�w�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� �s�c�a�t�t�e�r� �a�t� �a�n�y� �g�i�v�e�n� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�S�t�a�n�i�s�h� �(�1�9�8�6�)�,� �t�h�e� �m�o�s�t� �p�r�o�b�a�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �d�a�t�a� �s�c�a�t�t�e�r� �i�s� �t�h�a�t� �t�h�e� �a�u�t�h�o�r� �d�i�d� �n�o�t� 

�t�a�k�e� �t�h�e� �v�a�p�o�r� �d�i�f�f�u�s�i�o�n� �i�n�t�o� �a�c�c�o�u�n�t�.� �S�i�a�u� �(�1�9�8�0�)� �a�n�d� �S�k�a�a�r� �a�n�d� �S�i�a�u� �(�1�9�8�1�)� �u�s�e�d� �a� 

�t�h�e�r�m�o�d�y�n�a�m�i�c�a�l� �a�p�p�r�o�a�c�h� �t�o� �d�e�f�i�n�e� �a� �t�r�a�n�s�p�o�r�t� �l�a�w� �u�s�i�n�g� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l�.� �A�c�c�o�r�d�i�n�g� 

�t�o� �t�h�e�i�r� �w�o�r�k�,� �t�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x� �i�s� �d�r�i�v�e�n� �b�y� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �g�r�a�d�i�e�n�t� �u�n�d�e�r� �i�s�o�t�h�e�r�m�a�l� 

�c�o�n�d�i�t�i�o�n�s�.� �T�h�e�y� �f�u�r�t�h�e�r� �u�s�e�d� �t�h�e�i�r� �m�o�d�e�l� �f�o�r� �n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r�,� �a�s� �s�h�o�w�n� �i�n� 

�§� �2�.�3�.� 

�2�.�2�.�3�.�4�.� �S�p�r�e�a�d�i�n�g� �p�r�e�s�s�u�r�e� �g�r�a�d�i�e�n�t� 

�B�a�b�b�i�t�t� �(�1�9�5�0�)� �q�u�e�s�t�i�o�n�e�d� �t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �F�i�c�k ��s� �l�a�w� �t�o� �t�h�e� �d�r�y�i�n�g� �o�f� �w�o�o�d�.� �H�e� 

�s�u�g�g�e�s�t�e�d� �u�s�i�n�g� �t�h�e� �p�r�e�s�s�u�r�e� �g�r�a�d�i�e�n�t� �a�s� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e�,� �b�a�s�i�n�g� �h�i�s� �a�r�g�u�m�e�n�t� �o�n� �f�l�u�i�d� 

�d�y�n�a�m�i�c�s�.� �T�h�e� �s�t�e�a�d�y�-�s�t�a�t�e� �f�l�o�w� �o�f� �m�o�i�s�t�u�r�e� �d�u�e� �t�o� �a� �p�r�e�s�s�u�r�e� �g�r�a�d�i�e�n�t� �(�s�p�r�e�a�d�i�n�g� �p�r�e�s�s�u�r�e�)� 

�i�s� �o�p�p�o�s�e�d� �b�y� �a�n� �i�n�t�e�r�n�a�l� �r�e�s�i�s�t�a�n�c�e� �f�o�r�c�e� �.� 

�3�6



�S� �9�.� �Q� �;� �&� �f�e�r� �F�o� �8�8�h� �0�8� �F� 
�O�L�E� �E�E�E� 

�W�O�O�D� �S�U�B�S�T�R�A�T�E� 
�N� �S�A�A�N� 

�F�i�g�u�r�e� �2�.�8�.� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �s�h�o�w�i�n�g� �p�r�i�m�a�r�y� �s�i�t�e�s� �(�v�e�r�t�i�c�a�l� �l�i�n�e�s�)� �i�n� �t�h�e� �c�e�l�l� �w�a�l�l�,� 
�s�o�m�e� �o�f� �w�h�i�c�h� �a�r�e� �o�c�c�u�p�i�e�d� �b�y� �p�r�i�m�a�r�y� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �(�d�a�r�k� �c�i�r�c�l�e�)� 

�a�n�d� �s�e�c�o�n�d�a�r�y� �s�o�r�b�e�d� �m�o�l�e�c�u�l�e�s� �(�o�p�e�n� �c�i�r�c�l�e�)� �(�f�r�o�m� �S�k�a�a�r�,� �1�9�8�8�)�.� 

� � 

� � � � 
� � 

�S�k�a�a�r� �a�n�d� �B�a�b�i�a�k� �(�1�9�8�2�)� �a�n�d� �N�e�l�s�o�n� �(�1�9�8�6�)� �a�d�a�p�t�e�d� �B�a�b�b�i�t�t ��s� �t�r�a�n�s�p�o�r�t� �m�o�d�e�l� �u�s�i�n�g� 

�t�h�e� �D�e�n�t� �(�1�9�7�7�)� �m�o�d�i�f�i�c�a�t�i�o�n� �t�o� �t�h�e� �B�E�T� �s�o�r�p�t�i�o�n� �t�h�e�o�r�y�.� �A�n� �e�x�t�e�n�s�i�v�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �b�o�t�h� 

�D�e�n�t� �a�n�d� �B�E�T� �s�o�r�p�t�i�o�n� �t�h�e�o�r�y� �i�s� �g�i�v�e�n� �b�y� �S�k�a�a�r� �(�1�9�8�8�)�.� �I�n� �b�o�t�h� �s�o�r�p�t�i�o�n� �t�h�e�o�r�i�e�s�,� �w�a�t�e�r� �i�s� 

�a�s�s�u�m�e�d� �t�o� �b�e� �s�o�r�b�e�d� �i�n� �t�w�o� �f�o�r�m�s�.� �T�h�e� �p�r�i�m�a�r�y� �m�o�l�e�c�u�l�e�s� �a�r�e� �s�o�r�b�e�d� �d�i�r�e�c�t�l�y� �o�n� �p�r�i�m�a�r�y� 

�s�o�r�p�t�i�o�n� �s�i�t�e�s�,� �w�i�t�h� �h�i�g�h� �b�i�n�d�i�n�g� �e�n�e�r�g�y�,� �s�u�c�h� �a�s� �t�h�e� �h�y�d�r�o�x�y�l� �g�r�o�u�p�.� �S�e�c�o�n�d�a�r�y� �m�o�l�e�c�u�l�e�s� 

�a�r�e� �s�o�r�b�e�d� �o�n� �s�e�c�o�n�d�a�r�y� �s�o�r�p�t�i�o�n� �s�i�t�e�s�,� �w�i�t�h� �l�o�w�e�r� �b�i�n�d�i�n�g� �e�n�e�r�g�y� �a�n�d� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� 

�s�u�p�e�r�s�o�r�b�e�d� �o�n� �p�r�i�m�a�r�y� �s�i�t�e�s� �o�r� �o�t�h�e�r� �s�e�c�o�n�d�a�r�y� �s�i�t�e�s�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�8�.� �T�h�e� �t�w�o� �t�h�e�o�r�i�e�s� 

�d�i�f�f�e�r� �i�n� �t�h�a�t� �t�h�e� �B�E�T� �s�o�r�p�t�i�o�n� �m�o�d�e�l� �a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �t�h�e�r�m�o�d�y�n�a�m�i�c� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� 

�s�e�c�o�n�d�a�r�y� �m�o�l�e�c�u�l�e�s� �a�r�e� �i�d�e�n�t�i�c�a�l� �w�i�t�h� �t�h�o�s�e� �o�f� �l�i�q�u�i�d� �w�a�t�e�r�,� �w�h�e�r�e�a�s� �t�h�e� �D�e�n�t� �m�o�d�e�l�,� 

�a�s�s�u�m�e�s� �t�h�e�y� �a�r�e� �d�i�f�f�e�r�e�n�t�.� �B�o�t�h� �m�o�d�e�l�s� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �s�e�c�o�n�d�a�r�y� 

�m�o�l�e�c�u�l�e�s� �a�r�e� �i�d�e�n�t�i�c�a�l� �i�n� �a�l�l� �v�a�r�i�o�u�s� �l�a�y�e�r�s� �(�s�e�c�o�n�d�,� �t�h�i�r�d�,�.�.�.�)�.� �T�h�e� �D�e�n�t� �m�o�d�e�l� �i�s� �u�s�e�d� �t�o� 

�p�r�e�d�i�c�t� �s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s�,� �w�h�i�c�h� �a�r�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �M� �a�n�d� 

�t�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �R�H�,� �u�s�i�n�g� �s�o�m�e� �m�e�a�s�u�r�e�d� �p�r�o�p�e�r�t�i�e�s�.� �T�h�e� �k�e�y� �r�e�l�a�t�i�o�n�s�h�i�p� �i�s� 

�M� �=�R�H�/�[�A�+�B� �h�-�C� �h�?� �]� 
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�w�h�e�r�e� �h� �=� �R�H�/�1�0�0�,� �A�=�1�/�[�m�)�b�,�]�,� �B�=�[�b�,�-�b�,�]�/�[�m�,�b�,�]�,� �C�=�[�b�,�b�,�-�b�,�7�]�/�[�m�y�b�,�]�.� �I�n� �p�r�a�c�t�i�c�a�l� 

�a�p�p�l�i�c�a�t�i�o�n�s�,� �A�,� �B� �a�n�d� �C� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� �f�r�o�m� �m�e�a�s�u�r�e�d� �s�o�r�p�t�i�o�n� 

�i�s�o�t�h�e�r�m�s�.� 

�T�h�e� �s�p�r�e�a�d�i�n�g� �p�r�e�s�s�u�r�e� �g�,� �a�s� �d�e�f�i�n�e�d� �b�y� �B�a�b�b�i�t�t� �(�1�9�5�0�)�,� 

�a�G� �o�- � �� �(�2�.�1�2�)� 

�i�s� �e�q�u�a�l� �t�o� �t�h�e� �c�h�a�n�g�e� �i�n� �f�r�e�e� �e�n�e�r�g�y� �G� �p�e�r� �u�n�i�t� �a�r�e�a� �a�,� �d�e�f�i�n�e�d� �a�s� �t�h�e� �a�r�e�a� �p�e�r� �w�a�t�e�r� �m�o�l�e�c�u�l�e� 

�w�h�e�n� �t�h�e�r�e� �i�s� �o�n�e� �m�o�l�e�c�u�l�e� �o�n� �e�a�c�h� �s�i�t�e�.� �S�i�a�u� �a�n�d� �B�a�b�i�a�k� �(�1�9�8�2�)� �h�a�v�e� �e�x�p�r�e�s�s�e�d� �t�h�e� 

�s�p�r�e�a�d�i�n�g� �p�r�e�s�s�u�r�e� �i�n� �t�e�r�m�s� �o�f� �f�i�l�m� �s�u�r�f�a�c�e� �a�r�e�a� �a�s� 

�t�T� �h�b� �_� �A�T� �4�,� �|� �2�7�2�0�-�0�"� �2�.�1�3� 
�*� �a� �|� �1�-�b�h� �(� 

�w�h�e�r�e� �k� �i�s� �t�h�e� �B�o�l�t�z�m�a�n�n� �c�o�n�s�t�a�n�t�,� �T� �i�s� �t�h�e� �a�b�s�o�l�u�t�e� �t�e�m�p�e�r�a�t�u�r�e�,� �a� �i�s� �t�h�e� �s�u�r�f�a�c�e� �a�r�e�a� �p�e�r� 

�s�o�r�p�t�i�o�n� �s�i�t�e�,� �h� �i�s� �t�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �(�p�/�p�,�,�,� �)� �a�t� �t�e�m�p�e�r�a�t�u�r�e� �T� �a�n�d�,� �b� �a�n�d� �b�y� �a�r�e� �c�o�n�s�t�a�n�t�s� 

�f�r�o�m� �D�e�n�t ��s� �s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�.� 

�N�e�l�s�o�n� �(�1�9�8�6�)� �a�p�p�r�o�x�i�m�a�t�e�s� �E�q� �2�.�1�3� �b�y� �a�n� �e�m�p�i�r�i�c�a�l� �e�q�u�a�t�i�o�n� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m�,� 

�a�t� �c�o�n�s�t�a�n�t� �t�e�m�p�e�r�a�t�u�r�e� 

�=� �K�h�"� �(�2�.�1�4�)� 

�w�h�e�r�e� �q�,� �i�s� �t�h�e� �v�a�l�u�e� �o�f� �@� �w�h�e�n� �h�=�1� �i�n� �E�q� �2�.�1�3�,� �K� �i�s� �a� �c�o�n�s�t�a�n�t� �r�a�n�g�i�n�g� �f�r�o�m� �0�.�9�4� �t�o� �0�.�9�6� 

�a�n�d� �n� �v�a�r�i�e�s� �b�e�t�w�e�e�n� �0�.�6�5� �a�n�d� �0�.�8�5�.� �T�h�e� �q�u�a�n�t�i�t�i�e�s� �K� �a�n�d� �n� �d�e�p�e�n�d� �u�p�o�n� �t�h�e� �s�o�r�p�t�i�o�n� 

�i�s�o�t�h�e�r�m� �a�n�d� �w�e�a�k�l�y� �u�p�o�n� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e�.� 
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�T�h�e� �f�l�u�x� �o�f� �b�o�u�n�d� �w�a�t�e�r� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �u�s�i�n�g� �t�h�e� �b�a�s�i�c� �l�a�w� �f�r�o�m� �B�a�b�b�i�t�t� �(�1�9�5�0�)�.� 

�I�t� �c�o�m�e�s� �f�r�o�m� �a� �b�a�l�a�n�c�e� �b�e�t�w�e�e�n� �d�r�i�v�i�n�g� �f�o�r�c�e� �a�n�d� �r�e�s�i�s�t�a�n�c�e� �f�o�r�c�e� �:� 

�1� �d�g� �7� �a�h� �(�2�.�1�5�)� �u�=� 

�w�h�e�r�e� �u� �i�s� �t�h�e� �m�e�a�n� �v�e�l�o�c�i�t�y� �o�f� �m�o�l�e�c�u�l�e�s� �d�i�f�f�u�s�i�n�g� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �d�e�c�r�e�a�s�i�n�g� �g�r�a�d�i�e�n�t� 

�o�f� �»� �a�n�d� �f� �i�s� �t�h�e� �r�e�s�i�s�t�a�n�c�e� �c�o�e�f�f�i�c�i�e�n�t�.� �T�h�e� �f�l�u�x� �o�f� �w�a�t�e�r�,� �-�J�,� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �f�l�u�x� �o�f� 

�d�i�s�s�o�c�i�a�t�e�d� �m�o�l�e�c�u�l�e�s� �a�s� 

�M� �E� �r�=� �L�e� �e�x�p� �[�2� �d�o� �(�2�.�1�6�)� 

�w�h�e�r�e� �p�,� �i�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �c�e�l�l� �w�a�l�l� �a�t� �t�h�e� �c�u�r�r�e�n�t� �v�a�l�u�e� �o�f� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �M�,� �a�n�d� �E�,� �i�s� 

�t�h�e� �b�i�n�d�i�n�g� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �H�,�-�H�,� �(�a�l�s�o� �c�a�l�l�e�d� �t�h�e� �e�n�e�r�g�y� �o�f� �d�i�s�s�o�c�i�a�t�i�o�n�)� 

�a�s� �d�e�f�i�n�e�d� �i�n� �§�2�.�2�.�2�.� �N�e�l�s�o�n� �(�1�9�8�6�b�)� �g�i�v�e�s� �a�n� �e�x�p�r�e�s�s�i�o�n� �f�o�r� �t�h�e� �m�o�b�i�l�i�t�y� �c�o�e�f�f�i�c�i�e�n�t� �1�/�f�.� 

� � �a� �E�,� �d�M� �2� �1�7� 

�7� �[�£� �d�o� �C�1�)� �S
�|�

 

�R
�|�

&�
 

�I�n� �E�q�.� �2�.�1�7�,� �D�y� �i�s� �a� �c�o�n�s�t�a�n�t�,� �«�/�t� �i�s� �a� �g�e�o�m�e�t�r�i�c� �f�a�c�t�o�r� �(�t�+� �i�s� �t�h�e� �t�o�r�t�u�o�s�i�t�y� �o�f� �t�h�e� �c�e�l�l� 

�w�a�l�l� �a�n�d� �«� �i�s� �a�n� �a�r�e�a� �r�a�t�i�o� �o�f� �t�h�e� �c�e�l�l� �w�a�l�l� �c�r�o�s�s�-�s�e�c�t�i�o�n� �t�o� �t�h�e� �a�v�a�i�l�a�b�l�e� �c�r�o�s�s�-�s�e�c�t�i�o�n�)�,� �a�n�d� 

�E�,� �i�s� �t�h�e� �f�r�i�c�t�i�o�n�a�l� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y�.� �C�o�m�b�i�n�i�n�g� �E�q�s� �2�.�1�6� �a�n�d� �2�.�1�7�,� �t�h�e� 

�e�q�u�a�t�i�o�n� �f�o�r� �t�h�e� �m�a�s�s� �f�l�o�w� �o�f� �b�o�u�n�d� �w�a�t�e�r� �p�e�r� �u�n�i�t� �a�r�e�a� �a�n�d� �p�e�r� �u�n�i�t� �t�i�m�e�,� �i�n� �t�e�r�m�s� �o�f� 

�m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �M�,� �i�s� 
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�E�+�E� �a�M� 
�_�J�=�D� �&� �b�o�r�)� �a�M� �2�.�1�8� 

�0� �P�e� �T� �o�m� �|� �c�t� �d�x� �2�.�1�8�)� 

�T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �E� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� 

�E�-�E�.�-�E� �-� �0�,�-�7�*�-�£�,� �(�2�.�1�9�)� � � 

�E�q�u�a�t�i�o�n� �2�.�1�8� �i�s� �s�i�m�i�l�a�r� �t�o� �a� �F�i�c�k ��s� �l�a�w�,� �e�x�c�e�p�t� �f�o�r� �t�h�e� �g�e�o�m�e�t�r�i�c� �f�a�c�t�o�r� �a�n�d� �t�h�e� 

�e�x�p�o�n�e�n�t�i�a�l� �t�e�r�m�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �D� �c�a�n� �b�e� �w�r�i�t�t�e�n� �a�s� 

� � �R�T� 

�a� �Q�F� �(�2�.�2�0�)� 
�D�-�=� �D�,�  � �� �e�x�p� �R�r� 

�T� 

�N�e�l�s�o�n� �t�h�e�n� �c�o�m�p�a�r�e�d� �t�h�e� �m�o�d�e�l� �p�r�e�d�i�c�t�i�o�n� �f�o�r� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �t�o� 

�e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a� �f�r�o�m� �S�t�a�m�m� �(�1�9�5�9�)�,� �f�o�r� �m�e�t�a�l�-�f�i�l�l�e�d� �S�i�t�k�a� �s�p�r�u�c�e�,� �a�t� �2�5�.�5� �°�C�.� �I�n� �E�q�.� �2�.�2�0�,� 

�D�y� �=� �0�.�1�9�7� �c�m�?�/�s�,� �E�,� �=� �5�,�3�0�0� �c�a�l�/�m�o�l�,� �a�n�d� �n� �=� �0�.�7�8�6�.� �T�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �a�/�t� �a�n�d� �Q�,�,� �w�i�t�h� 

�t�e�m�p�e�r�a�t�u�r�e� �a�r�e� �n�e�g�l�e�c�t�e�d�,� �s�o� �t�h�e�y� �a�r�e� �b�o�t�h� �e�x�p�r�e�s�s�e�d� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �M� �o�n�l�y�:� 

�Q�,� �=� �4�,�8�2�6� �e�x�p� �(�-�1�3�.�7�8� �M�)� 
�0�.�9� �M� �(�2�.�2�1�)� 

�T�1�2�2�4�"� 
�a� �0�.�6�8�5� �+� �0�.�9� �M� 

�4�0
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� � � � � � 

�1�2�8� 
�A� 

�0� �1�0�8� �+� �A� 
�o� �L� 

 ��\�X� �s�a� �-� �4� �:� �.� �.� 
�m�n� �A� �F�i�g�u�r�e� �2�.�9�.� �I�n�t�e�g�r�a�l� �d�i�f�f�u�s�i�o�n� 
�2�&�5�,� �P� �c�o�e�f�f�i�c�i�e�n�t� �B�D� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� 

�L� �A� �a�v�e�r�a�g�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �f�o�r� �b�o�u�n�d� 
�"�S�a�g� �L� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �i�n� �S�i�t�k�a� �s�p�r�u�c�e�,� �a�t� 

�x� �L� �a�4� �2�5�.�5� �°�C� �(�f�r�o�m� �N�e�l�s�o�n�,� �1�9�8�6�)�.� 
�i�o� �2�2� 

�-� 
�2� �A� �L� �{�a� 

�2�.�2� �a�.�1� �g�.�2� �3�.�3� 

�m� �(�g�/�g�?� 

�A�s� �s�h�o�w�n� �i�n� �F�i�g� �2�.�9�,� �t�h�e�r�e� �i�s� �g�o�o�d� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �v�a�l�u�e�s� �f�r�o�m� 

�S�t�a�m�m� �(�1�9�5�9�)� �a�n�d� �t�h�e� �v�a�l�u�e�s� �f�o�r� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �D�.� �T�h�e� �q�u�a�n�t�i�t�y� �D� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

�i�n�t�e�g�r�a�l� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �d�e�f�i�n�e�d� �a�s� 

�1�p�m� �0�.�6�8�5�:�0�.�9�M� �y�n� �D� �-� 
�M�,�-� �M�,� �J�u�,� �2�.�6�5�3�+�0�.�9�M� 
� � �(�2�.�2�2�)� 

�I�n� �E�q�.� �2�.�2�2�,� �M�,� �a�n�d� �M�,�;� �a�r�e� �t�h�e� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� �a�d�s�o�r�p�t�i�o�n� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�s�,� 

�e�s�t�i�m�a�t�e�d� �f�r�o�m� �t�h�e� �s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m� �o�f� �S�i�t�k�a� �s�p�r�u�c�e� �o�f� �S�t�a�m�m� �a�n�d� �L�o�u�g�h�b�o�r�o�u�g�h� �(�1�9�3�5�)�.� 

�T�h�e� �r�a�t�i�o� �f�a�c�t�o�r� �c�o�n�v�e�r�t�s� �t�h�e� �l�o�c�a�l� �v�a�l�u�e�s� �o�f� �D� �f�r�o�m� �a� �w�o�o�d� �s�u�b�s�t�a�n�c�e� �t�o� �a� �w�o�o�d� �s�p�e�c�i�m�e�n� 

�b�a�s�i�s�.� 

�T�h�i�s� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �b�y� �N�e�l�s�o�n� �(�1�9�8�6�a�,� �1�9�8�6�b�)� �i�s� �s�i�m�i�l�a�r� �t�o� �F�i�c�k ��s� �l�a�w�,� �e�x�c�e�p�t� �t�h�a�t� 

�i�t� �i�n�c�l�u�d�e�s� �t�w�o� �t�e�r�m�s�,� �o�n�e� �f�o�r� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �a�n�d� �o�n�e� �g�e�o�m�e�t�r�i�c� �f�a�c�t�o�r�.� �T�h�i�s� �m�o�d�e�l� 

�c�a�n� �b�e� �d�e�r�i�v�e�d� �u�s�i�n�g� �B�a�b�b�i�t�t ��s� �w�o�r�k� �o�n� �d�i�f�f�u�s�i�o�n� �i�n� �s�o�l�i�d�s� �(�1�9�5�0�)�.� �T�h�e� �D�e�n�t� �(�1�9�7�7�)� 

�s�p�r�e�a�d�i�n�g� �p�r�e�s�s�u�r�e� �r�e�l�a�t�i�o�n�s�h�i�p� �i�s� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �e�n�e�r�g�y� �r�e�q�u�i�r�e�d� �f�o�r� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� 

�t�o� �b�e�c�o�m�e� �a�c�t�i�v�a�t�e�d� �a�n�d� �m�o�v�e� �f�r�o�m� �t�h�e� �s�o�r�p�t�i�o�n� �s�i�t�e�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �m�o�d�e�l� �r�e�q�u�i�r�e�s� 

�e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �Q�,�,� �a�n�d� �«�/�t� �w�i�t�h� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�n�d� 

�4�]



�t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�.� �S�u�c�h� �d�a�t�a� �a�r�e� 

�n�o�t� �a�v�a�i�l�a�b�l�e�;� �t�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �t�e�s�t� �t�h�i�s� �m�o�d�e�l� �f�o�r� �o�t�h�e�r� �w�o�o�d� �s�p�e�c�i�e�s�,� �a�t� �d�i�f�f�e�r�e�n�t� 

�t�e�m�p�e�r�a�t�u�r�e�s�.� 

�2�.�3�.� �N�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� 

�M�o�s�t� �o�f� �t�h�e� �e�a�r�l�y� �s�t�u�d�i�e�s� �o�f� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �i�n� �w�o�o�d� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�n�d�e�r� 

�i�s�o�t�h�e�r�m�a�l� �c�o�n�d�i�t�i�o�n�s�.� �U�n�d�e�r�s�t�a�n�d�i�n�g� �i�s�o�t�h�e�r�m�a�l� �d�i�f�f�u�s�i�o�n� �o�f� �m�o�i�s�t�u�r�e� �i�s� �o�f� �g�r�e�a�t� 

�i�m�p�o�r�t�a�n�c�e� �t�o� �t�h�e� �d�r�y�i�n�g� �i�n�d�u�s�t�r�i�e�s�.� �A�n�a�l�y�s�e�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �w�i�t�h�o�u�t� �t�a�k�i�n�g� �a�c�c�o�u�n�t� �o�f� �t�h�e� 

�t�h�e�r�m�a�l� �e�f�f�e�c�t� �o�n� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n�,� �f�o�r� �e�x�p�e�r�i�m�e�n�t�a�l� �r�e�a�s�o�n�s�.� �H�o�w�e�v�e�r�,� �f�o�r� �e�n�e�r�g�y� 

�c�o�n�s�e�r�v�a�t�i�o�n� �s�t�u�d�i�e�s�,� �a�n�d� �e�v�e�n� �s�o�m�e� �d�r�y�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s�,� �s�u�c�h� �a�s� �m�i�c�r�o�w�a�v�e� �d�r�y�i�n�g� 

�t�e�c�h�n�i�q�u�e�s�,� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �m�o�i�s�t�u�r�e� �a�s� �a� �r�e�s�u�l�t� �o�f� �a� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�s� �m�a�y� �b�e� 

�s�i�g�n�i�f�i�c�a�n�t�.� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�e�c�t�i�o�n� �i�s� �t�o� �p�r�e�s�e�n�t� �p�r�i�n�c�i�p�a�l� �d�i�f�f�u�s�i�o�n� �m�o�d�e�l�s� �f�o�r� 

�n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �t�h�e�r�m�a�l� 

�e�f�f�e�c�t� �(�S�o�r�e�t� �e�f�f�e�c�t�)� �i�n� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� �i�n� �w�o�o�d� �w�i�l�l� �b�e� �i�n�t�r�o�d�u�c�e�d� �f�i�r�s�t�.� �T�h�e� �n�e�x�t� �s�e�c�t�i�o�n� 

�w�i�l�l� �e�m�p�h�a�s�i�z�e� �t�h�e� �n�e�c�e�s�s�i�t�y� �f�o�r� �a� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� �m�o�d�e�l� �b�y� �s�u�m�m�a�r�i�z�i�n�g� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� 

�w�o�r�k� �o�f� �L�u�i�k�o�v� �(�1�9�6�6�)� �o�n� �t�h�e� �c�o�u�p�l�e�d� �h�e�a�t� �a�n�d� �m�a�s�s� �t�r�a�n�s�f�e�r� �e�q�u�a�t�i�o�n�s�.� �T�h�e� �l�a�s�t� �s�e�c�t�i�o�n� �w�i�l�l� 

�f�o�c�u�s� �o�n� �a� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �n�o�n�i�s�o�t�h�e�r�m�a�l� �d�i�f�f�u�s�i�o�n� �m�o�d�e�l�s� �f�o�u�n�d� �i�n� �t�h�e� 

�l�i�t�e�r�a�t�u�r�e�.� 
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�2�.�3�.�1�.� �T�h�e� �S�o�r�e�t� �e�f�f�e�c�t� 

�T�h�e� �p�r�e�c�e�d�i�n�g� �d�i�s�c�u�s�s�i�o�n� �h�a�s� �b�e�e�n� �c�o�n�f�i�n�e�d� �t�o� �i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n�,� �i�n� 

�w�h�i�c�h� �t�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t�s� �h�a�v�e� �b�e�e�n� �n�e�g�l�e�c�t�e�d�.� �A�s� �s�h�o�w�n� �i�n� �§�2�.�1�.�2�,� �e�v�e�n� �i�n� �i�s�o�t�h�e�r�m�a�l� 

�c�o�n�d�i�t�i�o�n�s� �t�h�e�r�e� �i�s� �s�o�m�e� �c�o�u�p�l�i�n�g� �o�f� �h�e�a�t� �a�n�d� �m�a�s�s� �t�r�a�n�s�p�o�r�t�,� �t�h�r�o�u�g�h� �t�h�e� �e�v�a�p�o�r�a�t�i�o�n�-� 

�c�o�n�d�e�n�s�a�t�i�o�n� �p�r�o�c�e�s�s�.� 

�I�n� �m�o�s�t� �p�r�a�c�t�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�,� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�s� �a�r�e� �p�r�e�s�e�n�t� �a�n�d� �t�h�e� �c�o�u�p�l�e�d� 

�e�f�f�e�c�t� �o�f� �m�o�i�s�t�u�r�e� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�s� �c�a�n�n�o�t� �b�e� �n�e�g�l�e�c�t�e�d�.� �O�n�e� �s�u�c�h� �c�o�u�p�l�i�n�g� 

�p�h�e�n�o�m�e�n�o�n� �i�s� �k�n�o�w�n� �a�s� �t�h�e� �S�o�r�e�t� �e�f�f�e�c�t�.� �T�h�i�s� �e�f�f�e�c�t� �i�s� �t�h�e� �p�r�o�c�e�s�s� �w�h�e�n� �m�o�i�s�t�u�r�e� �m�o�v�e�s� 

�a�s� �a� �r�e�s�u�l�t� �o�f� �a� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�.� �W�h�e�n� �w�o�o�d� �i�s� �o�n�l�y� �s�u�b�j�e�c�t�e�d� �t�o� �a� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�,� 

�t�h�e� �m�o�i�s�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �w�i�l�l� �n�o� �l�o�n�g�e�r� �b�e� �u�n�i�f�o�r�m� �b�u�t� �w�i�l�l� �a�p�p�r�o�a�c�h� �a� �n�o�n�u�n�i�f�o�r�m� �m�o�i�s�t�u�r�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �s�u�c�h� �a�s� �t�h�a�t� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�1�0�.� 

� � 

�M�O�I�S�T�U�R�E� 
�S�E�A�L� 

�H�E�A�T� �F�L�U�X�  � ��>� �M�2� �.� �.� 
�F�i�g�u�r�e� �2�.�1�0�.� �M�o�i�s�t�u�r�e� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� 

 ��  � ��4�M�;� �d�i�s�t�r�i�b�u�t�i�o�n� �c�u�r�v�e�s� �i�n� �a� �w�o�o�d� �s�a�m�p�l�e� 
�s�u�b�j�e�c�t�e�d� �t�o� �a� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t� 
�(�f�r�o�m� �S�k�a�a�r�,� �1�9�8�8�)�.� 

� � 

� � � � � � 
�T�h�i�s� �c�o�u�p�l�i�n�g� �o�f� �m�o�i�s�t�u�r�e� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �h�a�s� �b�e�e�n� �c�o�n�f�i�r�m�e�d� �b�y� �a� 

�n�u�m�b�e�r� �o�f� �r�e�s�e�a�r�c�h�e�r�s�,� �i�n�c�l�u�d�i�n�g� �V�o�i�g�t� �(�1�9�4�0�)�,� �C�h�o�o�n�g� �(�1�9�6�3�)�,� �B�o�m�b�e�r�g� �(�1�9�7�8�)�,� �a�n�d� �S�i�a�u� 

�(�1�9�8�3�)�.� �C�h�o�o�n�g� �(�1�9�6�3�)� �u�s�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�c�e�d�u�r�e�.� �E�i�g�h�t� �t�e�s�t� �s�a�m�p�l�e�s� �o�f� 

�4�3



�W�e�s�t�e�r�n� �f�i�r� �(�A�b�i�e�s� �s�p�.�)� �m�e�a�s�u�r�i�n�g� �4� �x� �4� �x� �4� �c�m� �w�e�r�e� �p�r�e�p�a�r�e�d� �a�n�d� �d�i�v�i�d�e�d� �t�o� �g�i�v�e� �t�w�o� �s�e�t�s� 

�o�f� �f�o�u�r� �s�a�m�p�l�e�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �t�w�o� �s�t�r�u�c�t�u�r�a�l� �d�i�r�e�c�t�i�o�n�s� �o�f� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �(�r�a�d�i�a�l� �a�n�d� 

�l�o�n�g�i�t�u�d�i�n�a�l�)�.� �E�a�c�h� �o�f� �t�h�e�s�e� �f�o�u�r� �s�a�m�p�l�e� �s�e�t�s� �w�a�s� �c�o�n�d�i�t�i�o�n�e�d� �t�o� �a� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �o�f� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �4�,� �8�,� �1�2� �a�n�d� �1�6� �p�e�r� �c�e�n�t�.� �H�o�l�e�s� �w�e�r�e� �d�r�i�l�l�e�d� �o�n� �b�o�t�h� �s�i�d�e�s�,� �p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� 

�t�h�e� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �f�o�r� �m�o�n�i�t�o�r�i�n�g� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�n�d� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n�,� 

�a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �2�.�1�1�.� �T�h�e� �e�x�t�e�r�n�a�l� �s�u�r�f�a�c�e�s� �w�e�r�e� �t�h�e�n� �c�o�a�t�e�d� �w�i�t�h� �s�e�v�e�r�a�l� �l�a�y�e�r�s� �o�f� �v�a�p�o�r� 

�b�a�r�r�i�e�r�.� �T�h�e�y� �w�e�r�e� �t�h�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �a� �c�o�n�s�t�a�n�t� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �a�b�o�u�t� �6�0�°�C� �o�n� �o�n�e� �s�i�d�e� �a�n�d� 
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� � � � 
�F�i�g�u�r�e� �2�.�1�1�.� �D�i�a�g�r�a�m� �s�h�o�w�i�n�g� �t�h�e� 
�l�o�c�a�t�i�o�n� �o�f� �e�l�e�c�t�r�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� �a�n�d� 
�t�h�e�r�m�o�c�o�u�p�l�e� �w�i�r�e�s� �i�n�s�i�d�e� �a�_� �t�e�s�t� 

�s�p�e�c�i�m�e�n� �(�f�r�o�m� �C�h�o�o�n�g� �1�9�6�3�)�.� 
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�C�O�L�O� �S�U�R�F�A�C�E� 

� � � � 

�T�h�e� �t�e�s�t� �s�a�m�p�l�e�s� �r�e�m�a�i�n�e�d� �i�n� �t�h�e� �a�s�s�e�m�b�l�y� �f�o�r� �s�e�v�e�r�a�l� �w�e�e�k�s� �u�n�t�i�l� �t�h�e�y� �a�t�t�a�i�n�e�d� �a� 

�s�t�e�a�d�y�-�s�t�a�t�e� �c�o�n�d�i�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �m�o�i�s�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n�.� �T�h�e� 

�m�o�i�s�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �s�l�i�c�i�n�g� �e�a�c�h� �s�a�m�p�l�e� �i�n�t�o� �1�6� �e�q�u�a�l�-�s�i�z�e�d� �w�a�f�e�r� �s�a�m�p�l�e�s� 

�a�n�d� �w�e�i�g�h�i�n�g� �t�h�e�m� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �b�e�i�n�g� �d�r�i�e�d� �i�n� �a� �o�v�e�n� �a�t� �1�0�5�°�C�.� �R�e�s�u�l�t�s� �a�r�e� �g�i�v�e�n� �i�n� �F�i�g� 

�2�.�1�2�,� �a�n�d� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� �e�x�p�e�c�t�e�d� �p�r�o�f�i�l�e� �g�i�v�e�n� �i�n� �F�i�g� �2�.�1�0�.� 
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�£�2� 
�2� �,� 

�=�o� �F�i�g�u�r�e� �2�.�1�2�,� �M�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�n�d� 
�s� �t�e�m�p�e�r�a�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �s�a�m�p�l�e�s� 
�S� �4�7� �s�u�b�j�e�c�t�e�d� �t�o� �i�m�p�o�s�e�d� �t�e�m�p�e�r�a�t�u�r�e� 
�>� �3�b� �g�r�a�d�i�e�n�t�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l� �a�v�e�r�a�g�e� 
�~� �5� �-� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�s� �(�f�r�o�m� �C�h�o�o�n�g�,� �z� �2�}�-� 
�8� �1�9�6�3�)�.� 
�E�I�R� �<� 
�6�0� 
�a� 

�4�)� 
�3�-� �O� 

�T�p� �f� �M� �2� �5�.�9�%�.� 

�o�O� �|� �1� �L� � � � � 
� � 
� � �1�0� �5�6� �3�0� �4� �O� 

�M�O�I�S�T�U�R�E� �C�O�N�T�E�N�T� �(�t�l�e�)� �~�-� �T�E�M�P�E�R�A�T�U�R�E� �C�C�)� 

�2�.�3�.�2�.� �H�e�a�t� �a�n�d� �m�a�s�s� �t�r�a�n�s�f�e�r� �e�q�u�a�t�i�o�n�s� 

�T�r�a�d�i�t�i�o�n�a�l�l�y�,� �m�o�s�t� �m�o�d�e�l�s� �u�s�e� �F�i�c�k ��s� �l�a�w� �t�o� �d�e�s�c�r�i�b�e� �m�a�s�s� �t�r�a�n�s�f�e�r�.� �T�h�e� �k�e�y� 

�a�s�s�u�m�p�t�i�o�n� �i�s� �t�h�a�t� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e� �f�o�r� �m�o�i�s�t�u�r�e� �m�i�g�r�a�t�i�o�n� �i�n� �a� �c�a�p�i�l�l�a�r�y�-�p�o�r�o�u�s� �m�a�t�e�r�i�a�l� �i�s� 

�o�n�l�y� �d�u�e� �t�o� �t�h�e� �m�o�i�s�t�u�r�e� �g�r�a�d�i�e�n�t�.� �L�u�i�k�o�v� �(�1�9�6�6�)� �d�e�r�i�v�e�d� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� �e�q�u�a�t�i�o�n�s� �f�o�r� �h�e�a�t� 

�a�n�d� �m�a�s�s� �t�r�a�n�s�f�e�r� �i�n� �c�a�p�i�l�l�a�r�y�-�p�o�r�o�u�s� �b�o�d�i�e�s� �t�o� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t� �o�n� 

�m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r�.� 
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�T�h�e� �c�o�u�p�l�e�d� �h�e�a�t� �a�n�d� �m�a�s�s� �t�r�a�n�s�f�e�r� �e�q�u�a�t�i�o�n�s� �i�n� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �f�o�r�m� �a�r�e� �e�x�p�r�e�s�s�e�d� 

�b�y� �Z�h�o�u� �e�t� �a�l� �(�1�9�9�4�)� �a�s� 

�p�c�.�2�"� �2� �V�.�(�K�,�V�T�)� �+� �V�.�(�K�,�V�M�)� �+� �p�L� �i�M� �a�i� �a�t� 
�a�M� �(�2�.�2�3�)� 
�<�7� �(�D�V�T�)� �+� �V�D�,� �V�M�)� 

�w�h�e�r�e�,� �T� �i�s� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �(�°�C�)� 

�M� �i�s� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �(�k�g�/�k�g�)� 

�p� �i�s� �t�h�e� �d�e�n�s�i�t�y� �(�k�g�/�m�?�)� 

�C�p� �i�s� �t�h�e� �h�e�a�t� �c�a�p�a�c�i�t�y� �(�J�/�k�g�°�C�)� 

�L� �i�s� �t�h�e� �l�a�t�e�n�t� �h�e�a�t� �(�J�/�k�g�)� 

�K�,� �i�s� �t�h�e� �t�h�e�r�m�a�l� �c�o�n�d�u�c�t�i�v�i�t�y� �(�W�/�m�°�C�)� 

�K�y�,� �i�s� �t�h�e� �h�e�a�t� �t�r�a�n�s�f�e�r� �c�o�e�f�f�i�c�i�e�n�t� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �m�o�i�s�t�u�r�e� �m�i�g�r�a�t�i�o�n� �(�W�/�m�)� 

�D�,� �i�s� �t�h�e� �m�a�s�s� �t�r�a�n�s�f�e�r� �c�o�e�f�f�i�c�i�e�n�t� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t� �(�m�?�/�s�°�C�)� 

�D�y�,� �i�s� �t�h�e� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�v�i�t�y� �(�m�/�s�)�.� 

�T�h�e�s�e� �t�w�o� �e�q�u�a�t�i�o�n�s� �a�r�e� �t�i�m�e� �d�e�p�e�n�d�e�n�t� �a�n�d� �a�r�e� �m�a�i�n�l�y� �u�s�e�d� �f�o�r� �d�r�y�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s�,� 

�w�h�i�c�h� �i�s� �n�o�t� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �N�u�m�e�r�o�u�s� �p�a�p�e�r�s� �h�a�s� �b�e�e�n� �p�u�b�l�i�s�h�e�d� �o�n� �h�o�w� �t�o� 

�s�o�l�v�e� �t�h�e�s�e� �e�q�u�a�t�i�o�n�s� �f�o�r� �p�a�r�t�i�c�u�l�a�r� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�T�h�e� �c�o�n�t�r�o�v�e�r�s�y� �i�n� �u�s�i�n�g� �F�i�c�k ��s� �l�a�w� �i�s� �t�h�a�t� �t�h�e� �g�r�a�d�i�e�n�t� �o�f� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �i�s� 

�a�s�s�u�m�e�d� �t�o� �c�a�u�s�e� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �m�o�i�s�t�u�r�e� �i�n� �a� �c�a�p�i�l�l�a�r�y�-�p�o�r�o�u�s� �b�o�d�y�.� �B�y� �a�n�a�l�o�g�y� �w�i�t�h� 

�h�e�a�t� �p�o�t�e�n�t�i�a�l� �(�t�e�m�p�e�r�a�t�u�r�e�)�,� �L�u�i�k�o�v� �(�1�9�6�6�)� �i�n�t�r�o�d�u�c�e�d� �a� �t�h�e�r�m�o�d�y�n�a�m�i�c� �p�a�r�a�m�e�t�e�r�,� �t�h�e� �m�a�s�s� 

�t�r�a�n�s�f�e�r� �p�o�t�e�n�t�i�a�l� �8�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�u�t�h�o�r�,� �t�h�e� �m�a�s�s� �t�r�a�n�s�f�e�r� �p�o�t�e�n�t�i�a�l� �m�u�s�t� �b�e� �s�o�m�e� 

�f�u�n�c�t�i�o�n� �o�f� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�n�d� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �m�a�s�s� �f�l�u�x� �i�s� �t�h�e�r�e�f�o�r�e� �g�i�v�e�n� �b�y� 

�J� �=� �-�D�,�v�0� �(�2�.�2�4�)� 
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�w�h�e�r�e� �D�,� �i�s� �t�h�e� �c�o�n�s�t�a�n�t� �o�f� �p�r�o�p�o�r�t�i�o�n�a�l�i�t�y� �c�a�l�l�e�d� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �m�a�s�s� �c�o�n�d�u�c�t�i�v�i�t�y�,� 

�s�i�m�i�l�a�r� �t�o� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �t�h�e�r�m�a�l� �c�o�n�d�u�c�t�i�v�i�t�y� �i�n� �F�o�u�r�i�e�r ��s� �l�a�w�.� �W�h�e�r�e�a�s� �t�h�e� �h�e�a�t� �t�r�a�n�s�f�e�r� 

�p�o�t�e�n�t�i�a�l� �(�t�e�m�p�e�r�a�t�u�r�e�)� �i�s� �m�e�a�s�u�r�e�d� �d�i�r�e�c�t�l�y�,� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�c�a�l�e� �o�f� �m�a�s�s� �p�o�t�e�n�t�i�a�l� �0� �i�s� 

�n�e�c�e�s�s�a�r�y� �t�o� �a�d�j�u�s�t� �s�o�m�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �s�t�a�n�d�a�r�d� �s�p�e�c�i�m�e�n�s�.� �T�h�e� �m�a�s�s� �t�r�a�n�s�f�e�r� �p�o�t�e�n�t�i�a�l� 

�i�s� �e�x�p�r�e�s�s�e�d� �i�n� �m�a�s�s� �t�r�a�n�s�f�e�r� �d�e�g�r�e�e�s� �(�°�M�)�,� �w�h�e�r�e� �@� �e�q�u�a�l� �t�o� �1�0�0�°�M� �i�s� �o�b�t�a�i�n�e�d� �a�t� �t�h�e� �p�o�i�n�t� 

�o�f� �m�a�x�i�m�u�m� �h�y�g�r�o�s�c�o�p�y� �(�i�.�e�.� �t�h�e� �h�y�g�r�o�s�c�o�p�i�c� �r�e�g�i�o�n� �i�s� �f�o�r� �0�<�1�0�0�°�M�)�.� �F�o�r� �m�o�r�e� �d�e�t�a�i�l�s� �o�n� 

�h�o�w� �t�o� �m�e�a�s�u�r�e� �t�h�e� �m�a�s�s� �p�o�t�e�n�t�i�a�l�,� �o�n�e� �c�a�n� �r�e�f�e�r� �t�o� �L�u�i�k�o�v� �(�1�9�6�6�)�.� 

�F�i�g�u�r�e� �2�.�1�3� �s�h�o�w�s� �s�o�m�e� �e�x�p�e�r�i�m�e�n�t�a�l� �v�a�l�u�e�s� �o�f� �@� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �m�o�i�s�t�u�r�e� 

�c�o�n�t�e�n�t�,� �f�o�r� �d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s�.� 

� � 

�3� � � 

� � �o�2� � � � � � � � � � � � � � � �G�f� � � � � � � � � � � � � � � � � 
� � � � 

�F�i�g�u�r�e� �2�.�1�3�.� �D�e�p�e�n�d�e�n�c�e� �o�f� �m�o�i�s�t�u�r�e� 
�c�o�n�t�e�n�t� �M� �(�k�g�/�k�g�)� �o�n� �m�a�s�s� �t�r�a�n�s�f�e�r� 
�p�o�t�e�n�t�i�a�l� �@�6�(�°�M�)� �a�t� �v�a�r�i�o�u�s� 
�t�e�m�p�e�r�a�t�u�r�e�s� �f�o�r� �m�a�t�e�r�i�a�l�s�:� 
�I� �-� �q�u�a�r�t�z� �s�a�n�d�,� �I�I� �-� �m�i�l�l�e�d� �p�e�a�t�,� 
�I�I�I� �-� �r�e�d� �c�l�a�y�,� �I�V� �-� �w�o�o�d�,� 
�(�f�r�o�m� �L�u�i�k�o�v�,� �1�9�6�6�)�.� 

�A�s� �s�h�o�w�n� �i�n� �F�i�g� �2�.�1�3�,� �t�h�e� �c�u�r�v�e�s� �M�=�f�(�@�)� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �s�h�a�p�e�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�k�i�n�d� �o�f� �m�o�i�s�t�u�r�e� �b�o�n�d�.� �T�h�e� �s�l�o�p�e� �(�@�M�/�é�6�)�,� �i�n�c�r�e�a�s�e�s� �c�o�n�t�i�n�u�o�u�s�l�y� �w�i�t�h� �t�h�e� �i�n�c�r�e�a�s�e� �o�f� �m�a�s�s� 

�p�o�t�e�n�t�i�a�l� �@�.� �F�o�r� �I�I�,� �I�I� �a�n�d� �I�V�,� �t�h�e� �s�l�o�p�e� �i�s� �c�o�n�s�t�a�n�t� �f�o�r� �@�>�1�0�0�°�M�.� �T�h�e�r�e�f�o�r�e�,� �f�o�r� �w�o�o�d� 
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�p�r�o�d�u�c�t�s� �u�n�d�e�r� �i�s�o�t�h�e�r�m�a�l� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �m�a�s�s� �t�r�a�n�s�f�e�r� �e�q�u�a�t�i�o�n� �(�e�q�u�a�t�i�o�n� �2�.�2�4�)� �c�a�n� �b�e� 

�r�e�d�u�c�e�d� �t�o� 

�m�n�"� �=� �-�D�'� �V�M� �(�2�.�2�5�)� 

�I�n� �E�q�.� �2�.�2�5�,� �D ��,�,� �i�s� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n�,� �s�i�m�i�l�a�r� �t�o� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� 

�t�h�e�r�m�a�l� �d�i�f�f�u�s�i�v�i�t�y� �i�n� �F�o�u�r�i�e�r ��s� �l�a�w�.� 

�F�o�r� �n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t�,� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �i�s� �n�o�t� �t�h�e� �p�r�o�p�e�r� �d�r�i�v�i�n�g� 

�f�o�r�c�e�.� �S�e�v�e�r�a�l� �m�o�d�e�l�s� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �t�o� �d�e�s�c�r�i�b�e� �n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� 

�t�r�a�n�s�f�e�r�.� �T�h�e� �n�e�x�t� �p�a�r�a�g�r�a�p�h� �i�s� �a�n� �e�x�t�e�n�s�i�v�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �a�u�t�h�o�r�s �� �w�o�r�k�.� 

�2�.�3�.�3�.� �N�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �m�o�d�e�l�s� 

�A�s� �s�h�o�w�n� �e�a�r�l�i�e�r�,� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t� �i�n�d�u�c�e�s� �a� �m�o�i�s�t�u�r�e� �m�i�g�r�a�t�i�o�n� �a�n�d� �v�i�c�e�-�v�e�r�s�a�.� 

�T�h�e� �m�o�s�t� �c�o�m�m�o�n� �a�p�p�r�o�a�c�h� �t�o� �m�o�d�e�l� �t�h�i�s� �e�f�f�e�c�t� �i�s� �t�o� �e�x�p�r�e�s�s� �t�h�e� �m�a�s�s� �f�l�u�x� �a�s� �t�h�e� �s�u�m� �o�f� �t�h�e� 

�m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t� �d�u�e� �t�o� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�o�r� �a� �v�a�p�o�r�-�p�r�e�s�s�u�r�e�)� �g�r�a�d�i�e�n�t� �a�n�d� �t�h�e� �m�o�i�s�t�u�r�e� 

�m�o�v�e�m�e�n�t� �d�u�e� �t�o� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�.� �T�h�i�s� �m�e�t�h�o�d� �h�a�s� �t�w�o� �s�e�v�e�r�e� �l�i�m�i�t�a�t�i�o�n�s�.� �F�i�r�s�t�,� 

�t�w�o� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s� �a�r�e� �r�e�q�u�i�r�e�d�,� �o�n�e� �f�o�r� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �a�n�d� �o�n�e� �f�o�r� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�;� �t�h�e�s�e� �a�r�e� �h�a�r�d�l�y� �e�v�e�r� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �S�e�c�o�n�d�l�y�,� �t�h�i�s� �m�e�t�h�o�d� 

�d�o�e�s� �n�o�t� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �c�o�u�p�l�e�d� �e�f�f�e�c�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �t�r�a�n�s�f�e�r�s�,� �s�i�n�c�e� �t�h�e�y� �a�r�e� 
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�a�s�s�u�m�e�d� �t�o� �b�e� �s�e�p�a�r�a�t�e� �a�n�d� �i�n�d�e�p�e�n�d�e�n�t�.� �T�h�i�s� �c�o�u�p�l�e�d� �e�f�f�e�c�t� �e�x�i�s�t�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�e�v�a�p�o�r�a�t�i�o�n�/�c�o�n�d�e�n�s�a�t�i�o�n� �e�f�f�e�c�t�,� �a�l�w�a�y�s� �p�r�e�s�e�n�t� �i�n� �h�y�g�r�o�s�c�o�p�i�c� �m�a�t�e�r�i�a�l�s� �(�s�e�e� �§�2�.�1�.�2�)�.� 

�T�h�e� �m�o�s�t� �c�o�n�v�e�n�i�e�n�t� �w�a�y� �t�o� �e�x�p�r�e�s�s� �t�h�e� �n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �w�o�u�l�d� �b�e� �t�o� �f�i�n�d� 

�a� �d�r�i�v�i�n�g� �f�o�r�c�e� �(�g�r�a�d�i�e�n�t� �o�f� �a� �t�h�e�r�m�o�d�y�n�a�m�i�c� �p�r�o�p�e�r�t�y�)� �t�h�a�t� �w�o�u�l�d� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �t�w�o� 

�e�f�f�e�c�t�s�,� �l�i�k�e� �L�u�i�k�o�v ��s� �m�a�s�s� �p�o�t�e�n�t�i�a�l�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �S�o�r�e�t� �e�f�f�e�c�t�,� �t�h�e� �g�r�a�d�i�e�n�t� �o�f� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �c�a�n�n�o�t� �b�e� �u�s�e�d� �a�l�o�n�e� �a�s� �a� �d�r�i�v�i�n�g� �f�o�r�c�e� �f�o�r� �F�i�c�k ��s� �l�a�w�.� 

�O�n�l�y� �t�w�o� �d�r�i�v�i�n�g� �f�o�r�c�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�:� �t�h�e� �g�r�a�d�i�e�n�t� �o�f� �a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� 

�m�o�l�e�c�u�l�e�s� �a�n�d� �t�h�e� �g�r�a�d�i�e�n�t� �o�f� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l�.� 

�2�.�3�.�3�.�1�.� �A�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� �m�o�l�e�c�u�l�e�s� �g�r�a�d�i�e�n�t� 

�S�k�a�a�r� �a�n�d� �S�i�a�u� �(�1�9�8�1�)� �p�r�o�p�o�s�e�d� �a�n� �e�q�u�a�t�i�o�n� �f�o�r� �n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t�,� 

�b�a�s�e�d� �u�p�o�n� �a� �g�r�a�d�i�e�n�t� �o�f� �a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� �m�o�l�e�c�u�l�e�s�.� �T�h�i�s� �m�o�d�e�l� �i�s� �a�p�p�l�i�c�a�b�l�e� �o�n�l�y� �f�o�r� 

�t�r�a�n�s�v�e�r�s�e� �d�i�f�f�u�s�i�o�n�.� �F�i�c�k ��s� �f�i�r�s�t� �l�a�w� �i�s� �m�o�d�i�f�i�e�d� �t�o� �t�h�e� �f�o�r�m� 

� � �(�2�.�2�6�)� 

�w�h�e�r�e� �K�,�,�.� �i�s� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �f�o�r� �d�i�f�f�u�s�i�o�n� �o�f� �a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� �m�o�l�e�c�u�l�e�s� �a�n�d� �M�*� �i�s� �t�h�e� 

�c�o�n�t�e�n�t� �o�f� �a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� �m�o�l�e�c�u�l�e�s� �i�n� �t�h�e� �w�o�o�d� �b�a�s�e�d� �o�n� �o�v�e�n� �d�r�y� �w�e�i�g�h�t�.� �T�h�i�s� �r�e�s�u�l�t� 

�c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �B�o�l�t�z�m�a�n�n� �d�i�s�t�r�i�b�u�t�i�o�n� �a�s� 
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�_�E� 
�M�s� �=� �M� �e�x�p� �=� �(�2�.�2�7�)� 

�w�h�e�r�e� �F�E�,� �i�s� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y�,� �a�s� �d�e�f�i�n�e�d� �i�n� �§�2�.�2�.�2�.� �T�h�e� �a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �M�*� 

�i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �b�o�t�h� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �(�M�)� �a�n�d� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �(�T�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�g�r�a�d�i�e�n�t� �m�a�y� �b�e� �e�v�a�l�u�a�t�e�d� �a�s� 

�d�M�.� �_� �a�M�«� �d�T� �d�M�»� �d�M� 
�d�x� �O�T� �d�x� �O�M� �d�x� 

�M�E� �E� �O�E� �E� 
�=� �>� �e�x�p� �|� �- �� �a�T� �|� �1�-�4�0�8�)� �e�x�p� �|� �2� �|� 

�R�T�?� �R�T� 

� � 

�(�2�.�2�8�)� 
� � � � 

�R�T�]� �&� �\� �R�T�@�M� �d�e� 

�T�h�e� �p�a�r�t�i�a�l� �d�e�r�i�v�a�t�i�v�e�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �a�s�s�u�m�i�n�g� �t�h�a�t� �E�,� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �T�.� �T�h�e� �s�y�m�b�o�l� 

�E�,� �w�a�s� �d�e�f�i�n�e�d� �i�n� �e�q�u�a�t�i�o�n� �2�.�7� �a�s� �E�,� �=� �9�,�2�0�0� �-� �7�0� �M�.� �T�h�e�r�e�f�o�r�e�,� �e�q�u�a�t�i�o�n� �2�.�2�8� �c�a�n� �b�e� �w�r�i�t�t�e�n� 

� � 

� � 

�a�s� 

�y�e� �M� �9�,�2�0�0� �-� �7�0�M�)� �d�T� �d�M� 
�M�\�\� �R�T� �+� �7�0�M� �T� �d�x� �d�x� 

�w�h�e�r�e� �(�2�.�2�9�)� 

�R�T�:�-�7�0�M� �E�,� �K�-�K� �|�i�"� �- ��b� �{�A�H� �o�l� �5� 
�T�h�e� �q�u�a�n�t�i�t�y� �K�,�,� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e�,� �a�s� 

�s�h�o�w�n� �b�y� �S�i�a�u� �a�n�d� �J�i�n� �(�1�9�8�5�)�,� �a�s� 

�0�.�0�0�0�7� �G� �;� �_� �p�,� �o�x� �(� �(�9�,�2�0�0� �7�0�1�0� �«�C�L�R� �a�T� �(�2�.�3�0�)� 
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�w�h�e�r�e� �G� �i�s� �t�h�e� �s�p�e�c�i�f�i�c� �g�r�a�v�i�t�y� �o�f� �w�o�o�d�,� �p�,�,� �i�s� �t�h�e� �n�o�r�m�a�l� �d�e�n�s�i�t�y� �o�f� �w�a�t�e�r� �a�n�d� �V�,� �i�s� �t�h�e� 

�p�o�r�o�s�i�t�y� �o�f� �w�o�o�d�.� 

�E�q�u�a�t�i�o�n� �2�.�2�9� �w�a�s� �u�s�e�d� �b�y� �S�i�a�u� �a�n�d� �B�a�b�i�a�k� �(�1�9�8�3�)� �t�o� �a�n�a�l�y�z�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a� �s�e�r�i�e�s� �o�f� 

�s�t�e�a�d�y�-�s�t�a�t�e� �n�o�n�i�s�o�t�h�e�r�m�a�l� �e�x�p�e�r�i�m�e�n�t�s� �t�h�r�o�u�g�h� �a� �4�.�7�4� �c�m� �t�h�i�c�k� �s�p�e�c�i�m�e�n� �o�f� �P�i�n�u�s� �s�t�r�o�b�u�s�.� 

�F�o�u�r� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�n�d�e�r� �v�a�r�y�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �c�o�l�d� �s�u�r�f�a�c�e� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n� �w�a�s� �a�l�w�a�y�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �3�5�°�C� �a�n�d� �a� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �o�f� �6�9� �p�e�r� �c�e�n�t�.� �T�h�e� �w�a�r�m� 

�s�i�d�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �7�0�°�C� �f�o�r� �a�l�l� �t�e�s�t�s� �w�i�t�h� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s� �o�f� �6�1� �p�e�r� 

�c�e�n�t�,� �4�7� �p�e�r� �c�e�n�t�,� �3�5� �p�e�r� �c�e�n�t� �a�n�d� �8� �p�e�r� �c�e�n�t�.� �T�a�b�l�e� �2�.�2� �g�i�v�e�s� �a� �s�u�m�m�a�r�y� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� 

�t�h�e�o�r�e�t�i�c�a�l� �f�l�u�x�e�s�.� 

�T�a�b�l�e� �2�.�2�.� �S�u�m�m�a�r�y� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l� �f�l�u�x�e�s�,� �f�r�o�m� �S�i�a�u� �a�n�d� �B�a�b�i�a�k� �(�1�9�8�3�)� 

� � 

� � 

�C�o�l�d� �s�i�d�e� �H�o�t� �s�i�d�e� �J� �e�x�p� �J� �t�h�e�o� 

�R�H�,� �T�,� �R�H�,� �T�h� 

�6�9�%� �3�5�°�C� �6�1�%� �7�0�°�C� �-�4�.�1� �-�5�.�7� 

�6�9�%� �3�5�°�C� �A�T�%� �7�0�°�C� �0�.�0� �-�1�.�4� 

�6�9�%� �3�5�°�C� �3�5�%� �7�0�°�C� �+�3�.�4� �+�1�.�5� 

�6�9�%� �3�5�°�C� �8�%� �7�0�°�C� �+�1�9�.�0� �+�6�.�4� 
� � 

�A�l�l� �f�l�u�x�e�s� �a�r�e� �i�n� �1�0�°�.� �g�/�c�m�?�.�s�;� �A� �p�o�s�i�t�i�v�e� �f�l�u�x� �i�n�d�i�c�a�t�e�s� �f�l�o�w� �f�r�o�m� �t�h�e� �h�o�t� �s�i�d�e� �t�o� �t�h�e� �c�o�l�d� �s�i�d�e�.� 

�T�h�e� �a�u�t�h�o�r�s� �u�s�e�d� �t�h�e�s�e� �d�a�t�a� �t�o� �a�s�s�e�r�t� �t�h�a�t� �n�e�i�t�h�e�r� �t�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �g�r�a�d�i�e�n�t� �n�o�r� �t�h�e� 

�v�a�p�o�r� �p�r�e�s�s�u�r�e� �g�r�a�d�i�e�n�t� �a�l�o�n�e� �c�a�n� �e�x�p�l�a�i�n� �t�h�e� �o�b�s�e�r�v�e�d� �r�e�s�u�l�t�s�.� �T�h�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �i�s� 

�a�l�w�a�y�s� �h�i�g�h�e�r� �o�n� �t�h�e� �c�o�l�d� �s�i�d�e�,� �w�h�i�c�h� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �p�o�s�i�t�i�v�e� �f�l�u�x�e�s� �f�o�r� �a�l�l� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�s�.� 

�I�f� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �g�r�a�d�i�e�n�t� �w�a�s� �t�h�e� �o�n�l�y� �d�r�i�v�i�n�g� �f�o�r�c�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �m�o�i�s�t�u�r�e� �m�o�v�e�m�e�n�t�,� 

�t�h�e� �f�i�r�s�t� �t�h�r�e�e� �e�x�p�e�r�i�m�e�n�t�s� �w�o�u�l�d� �h�a�v�e� �a� �n�e�g�a�t�i�v�e� �f�l�u�x�.� �H�o�w�e�v�e�r�,� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� 
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�m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �g�r�a�d�i�e�n�t� �a�n�d� �t�h�e�r�m�a�l� �g�r�a�d�i�e�n�t� �g�i�v�e�s� �a� �r�e�l�a�t�i�v�e�l�y� �g�o�o�d� �a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� 

�t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l� �f�l�u�x�e�s�,� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.�2�.� 

�2�.�3�.�3�.�2�.� �C�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �g�r�a�d�i�e�n�t� 

�S�i�a�u ��s� �m�o�d�e�l� 

�T�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �w�a�s� �p�r�o�p�o�s�e�d� �a�s� �a� �d�r�i�v�i�n�g� �f�o�r�c�e� �b�y� �K�a�w�a�i� �e�t� �a�l�.� �(�1�9�7�8�)� �t�o� �m�o�d�e�l� 

�b�o�u�n�d� �w�a�t�e�r� �m�o�v�e�m�e�n�t� �i�n� �i�s�o�t�h�e�r�m�a�l� �d�r�y�i�n�g�.� �T�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �i�s� �d�e�f�i�n�e�d� �i�n� �E�q� �2�.�9�.� 

�A�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �t�h�e� �n�o�n�i�s�o�t�h�e�r�m�a�l� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �e�q�u�a�t�i�o�n� �(�E�q� �2�.�2�6�)� �w�a�s� �p�r�o�p�o�s�e�d� �b�y� 

�S�i�a�u� �(�1�9�8�3�)�,� �b�a�s�e�d� �o�n� �a� �g�r�a�d�i�e�n�t� �o�f� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l�.� �F�i�c�k ��s� �f�i�r�s�t� �l�a�w� �w�a�s� �m�o�d�i�f�i�e�d� �a�s� 

�d�y� �o�e� �(�2�.�3�1�)� 

�w�h�e�r�e� �K�,�,� �i�s� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �d�i�f�f�u�s�i�o�n�,� �b�a�s�e�d� �o�n� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �1� �o�f� �t�h�e� �w�a�t�e�r� �v�a�p�o�r�.� 

�S�i�n�c�e� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �v�a�r�i�e�s� �w�i�t�h� �b�o�t�h� �t�e�m�p�e�r�a�t�u�r�e� �T� �a�n�d� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �M�,� 

�e�q�u�a�t�i�o�n� �2�.�3�1� �c�a�n� �b�e� �r�e�w�r�i�t�t�e�n� �a�s� 

�(�2�.�3�2�)� � � � � 

� � 

�S�i�a�u� �c�l�a�i�m�s� �t�h�a�t� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �K�,� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �K�y�,� �w�h�i�c�h� �c�a�n� �b�e� 

�e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �(�e�q�u�a�t�i�o�n� �2�.�3�0�)� �b�y� 

�5�2



�o�M� �o�h� �O�M� 

�8� �S�r�)�"� �5�)�,� �S�e�)�,� �2�3�9�)� 
�T�h�e� �l�a�s�t� �t�e�r�m�,� �(�@�M�/�c�h�)� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �f�r�o�m� �t�h�e� �s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�.� 

�T�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �(�e�q�u�a�t�i�o�n� �2�.�1�0�)� �i�s� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �d�e�r�i�v�a�t�i�v�e�s�,� 

�o�h�}� �|� 
�O�W�)�,� �R�T� 

�(�2�.�3�4�)� 
�(� �2�)� �_� �d�y� �a�r� �S�i�n�k�!� �1�0�0� �|� �;� �r�i�n�(� �=�]� 

�o�T� �a�T� �1�0�0� 

�A�c�c�o�r�d�i�n�g� �t�o� �S�k�a�a�r�,� �t�h�e� �s�e�c�o�n�d� �t�e�r�m� �o�f� �(�o�u�/�e�T�)� �m�a�y� �b�e� �r�e�p�l�a�c�e�d� �b�y� �E�,�/�T� �w�h�e�r�e� �E�,� 

�r�e�p�r�e�s�e�n�t�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �m�o�l�a�r� �h�e�a�t� �o�f� �v�a�p�o�r�i�z�a�t�i�o�n� �o�f� �b�o�u�n�d� �w�a�t�e�r� �a�n�d� �t�h�a�t� �o�f� 

�f�r�e�e� �w�a�t�e�r�,� �E�p�.� �S�i�a�u� �e�v�a�l�u�a�t�e�d� �t�h�i�s� �d�i�f�f�e�r�e�n�c�e� �a�s� �E�,� �=� �6�0�0�0� �e�x�p� �(�-�0�.�1�6� �M�)�.� 

�T�h�e� �f�i�r�s�t� �t�e�r�m� �w�a�s� �e�v�a�l�u�a�t�e�d� �f�r�o�m� �H�e�i�m�b�u�r�g ��s� �d�a�t�a� �a�s� 

�d�u� �<�r� �7� �1�0�:�1�9� �+� �0�.�0�7�7�(� �7�-�2�4�9�)� �(�2�.�3�5�)� 

�F�i�n�a�l�l�y�,� �E�q� �2�.�3�1� �m�a�y� �b�e� �r�e�w�r�i�t�t�e�n� �a�s� 

� � � � 

�E� �-� �-�K�,�|� �O�M�)� �|� �d�y� �*�:� � �p�i�n�n�/�i�0�0�}� �2�2�.�2�%� �(�2�.�3�6�)� 
�R�T�\� �o�h�j� �,�\� �a�T� �T� �x� �a�x� 

� � 
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�T�h�i�s� �f�i�n�a�l� �e�q�u�a�t�i�o�n� �i�s� �s�i�m�i�l�a�r� �t�o� �e�q�u�a�t�i�o�n� �2�.�2�9�,� �w�h�i�c�h� �w�a�s� �d�e�f�i�n�e�d� �u�s�i�n�g� �t�h�e� �g�r�a�d�i�e�n�t� �i�n� 

�a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� �m�o�l�e�c�u�l�e�s�.� �O�n�l�y� �t�h�e� �t�w�o� �m�u�l�t�i�p�l�i�e�r�s� �o�f� �d�T�/�d�x� �,� �d�e�s�i�g�n�a�t�e�d� �b�y� �S�i�a�u� �a�s� 

�(�d�M�/�d�x�)�«� �f�o�r� �t�h�e� �a�c�t�i�v�a�t�e�d� �m�o�l�e�c�u�l�e� �m�o�d�e�l� �a�n�d� �(�d�M�/�d�x�)�,� �f�o�r� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� 

� � 

� � � � � � � �(�d�1�/�d�M�)�,� 

�F�i�g�u�r�e� �2�.�1�4�,� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �d�T�/�d�M� �b�a�s�e�d� 
�u�p�o�n� �a� �g�r�a�d�i�e�n�t� �o�f� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �w�i�t�h� 
�t�h�a�t� �b�a�s�e�d� �u�p�o�n� �a� �g�r�a�d�i�e�n�t� �o�f� �a�c�t�i�v�a�t�e�d� 
�m�o�l�e�c�u�l�e�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�,� 

�w�i�t�h� �w�o�o�d� �s�u�r�f�a�c�e� �a�t� �4�0�°�C� �(�f�r�o�m� �S�i�a�u�,� �1�9�8�3�)�.� 

�(�d�T�/�d�M�}�y�*� 

� � � � � � � �i�.� �L�u� �L� �a�n�d�.� �1� �L� 

�)� �1� �2�0� �3�0� �4�0� �5�0� �6�8� �7�0� �8�0� �9�0�%� �1�0�0� 
�4�  � ��_�_ �� 

�1�.� �L� �i� 
� � 

�f�o�r�m�u�l�a�t�i�o�n�,� �a�r�e� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t�.� �S�i�a�u� �c�o�m�p�a�r�e�d� �t�h�e� �t�w�o� �t�e�r�m�s� �u�s�i�n�g� �d�a�t�a� �f�r�o�m� �t�h�e� �W�o�o�d� 

�H�a�n�d�b�o�o�k� �(�U�S� �D�A�,� �1�9�5�5�)�.� �T�h�e� �t�e�r�m� �(�d�M�/�d�x�)�,�,� �i�s� �h�i�g�h�e�r� �a�t� �l�o�w� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �a�n�d� �l�o�w�e�r� 

�a�t� �h�i�g�h� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s�.� �T�h�e� �t�w�o� �f�u�n�c�t�i�o�n�s� �b�e�c�o�m�e� �e�q�u�a�l� �a�t� �h� �=� �5�3� �p�e�r� �c�e�n�t�,� �a�s� �s�h�o�w�n� �i�n� 

�F�i�g�.� �2�.�1�4�.� 

�R�e�c�e�n�t�l�y�,� �S�i�a�u� �a�n�d� �A�v�r�a�m�i�d�i�s� �(�1�9�9�3�)� �p�u�b�l�i�s�h�e�d� �r�e�s�u�l�t�s� �f�r�o�m� �a� �s�e�r�i�e�s� �o�f� �n�o�n�i�s�o�t�h�e�r�m�a�l� 

�t�e�s�t�s�,� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�w�o� �t�h�e�o�r�e�t�i�c�a�l� �m�o�d�e�l�s�:� �(�1�)� �b�a�s�e�d� �o�n� �a� �g�r�a�d�i�e�n�t� �o�f� �a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� 

�m�o�l�e�c�u�l�e�s� �(�e�q�u�a�t�i�o�n� �2�.�2�9�)� �a�n�d� �(�2�)� �b�a�s�e�d� �o�n� �a� �g�r�a�d�i�e�n�t� �o�f� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �(�E�q� �2�.�3�6�)�.� �T�a�b�l�e� 

�2�.�3� �g�i�v�e�s� �a� �s�u�m�m�a�r�y� �o�f� �t�h�e� �a�v�e�r�a�g�e� �c�o�n�d�i�t�i�o�n�s� �o�n� �t�h�e� �c�o�o�l� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �f�o�r� �t�h�e� 

�f�i�v�e� �s�e�r�i�e�s�.� 
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�T�a�b�l�e� �2�.�3�.� �S�u�m�m�a�r�y� �o�f� �t�h�e� �a�v�e�r�a�g�e� �c�o�n�d�i�t�i�o�n�s� �o�n� �t�h�e� �c�o�o�l� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �i�n� �t�h�e� 
�n�o�n�i�s�o�t�h�e�r�m�a�l� �e�x�p�e�r�i�m�e�n�t�s�.� �A�d�a�p�t�e�d� �f�r�o�m� �S�i�a�u� �a�n�d� �A�v�r�a�m�i�d�i�s� �(�1�9�9�3�)�.� 
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�S�e�r�i�e�s� �R�H�,�,� �%� �T�,�,� �°�C� �R�H�,�,� �%� �T�h�e� �°�C� 

�4�2� �2�9� �1�0� �7�0� 

�B� �4�5� �2�9� �1�0� �7�0� 

�C�c� �5�0� �2�9� �1�0� �7�0� 

�D� �4�5� �3�7� �1�0� �7�0� 

�E� �6�7� �3�7� �1�0� �7�0� 

�1�0� �1�0� 
�s� 

�0� �2� �@� 
�|� �0� 

�1�0� �%� 

�L� �2� �-�1�0� 
�=�)� 

�-�2�0� �2� 

�e� �&� �x� �2�0� �©� �=� 
�-�3�0� �+� �O� �&�q�.�2�.�2�8� �z� �©� �&�q�.�2�.�2�8� 
�4�0� �A� �&�4�.�2�.�3�5� �-�3�0� �A�  ¬�q�.�2�.�3�5� 

�-�5�0� �.� �~�4�0� �S�m�  �� 
�1� �2� �3� �4� �5� �6� �1� �2� �3� �4� �5� �6� �7� 

�M�w� �(�%�)� �M�w� �(�%�)� 

�2�0� �'� �1�G� 

�e� �e� 

�1�0� �°� �5� �e� 
�F� �e� �e� �.� �e� 

�0� �B�e� �a� �#�0� �t�o�n� �o� 
�|� �S�e�,� �5� �L� �3� 

�-�1�0� �G�m� �5� �C�G� 

�o� �L� 
�-�2�0� �e� �&�~� �a�s� �x� �1�0� �e� �=� 

�-�3�0� �:� �O� �£�9�2�.�2�8� �=�  ��1�5� �O�  ¬�q�.�2�.�2�8� �.� 

�A�  ¬�&�q�.�2�.�3�5� �®� �A� �£�E�q�@�.�2�.�3�5� 

�~�4�0� �-�2�0� �\�,� 

�-�5�0� �n�t�  ��  � ��  �� �+�2�5� 
�1� �2� �3� �4� �5� �8� �2� �3� �4� �5� �6� �7� 

�M�w� �(�%�)� �M�v�e� �(�%�}� 

�2�0� 

�1�0�|� �e� 

�0� �p�o�s� �o�s� �a� �F�i�g�u�r�e� �2�.�1�5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� 
�|� �°� �t�h�e�o�r�e�t�i�c�a�l� �f�l�u�x�e�s� �v�s�.� �E�q�u�i�l�i�b�r�i�u�m� 

�|� �e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �o�n� �t�h�e� �w�a�r�m� 
�2�0� �°� �&� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �f�o�r� 

�|� �=� �_� �2�.�2�8� �e�x�p�e�r�i�m�e�n�t�s� �o�f� �s�e�r�i�e�s� �A�,� �B�,� �C�,� �D� �a�n�d� 
�-�3�0� �A�8�2�5� �E�.� �A�d�a�p�t�e�d� �f�r�o�m� �S�i�a�u� �a�n�d� �A�v�r�a�m�i�d�i�s� 

�(�1�9�9�3�)�.� 
�4�0� 

�2� �3� �4� �5� �6� 
�5�5



�T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �w�a�r�m� �s�i�d�e� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �7�0�°�C�.� �T�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�s� �o�f� 

�e�a�c�h� �s�e�r�i�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �a� �l�o�w� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �R�H�,� �o�f� �a�b�o�u�t� �1�0� �p�e�r� �c�e�n�t�.� �E�a�c�h� 

�s�u�b�s�e�q�u�e�n�t� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �d�o�n�e� �a�t� �p�r�o�g�r�e�s�s�i�v�e�l�y� �h�i�g�h�e�r� �v�a�l�u�e�s� �o�f� �R�H�,� �t�o� �a� �m�a�x�i�m�u�m� �o�f� �4�7� 

�t�o� �6�2� �p�e�r� �c�e�n�t�,� �w�i�t�h� �a�n� �i�n�c�r�e�a�s�i�n�g�l�y� �h�i�g�h�e�r� �e�q�u�i�l�i�b�r�i�u�m� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �M�,�.� 

�B�o�t�h� �o�f� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �m�o�d�e�l�s� �u�s�e�d� �g�i�v�e� �r�e�a�s�o�n�a�b�l�e� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�d�a�t�a�.� �A� �q�u�a�l�i�t�a�t�i�v�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �g�r�a�p�h�s� �s�h�o�w�s� �t�h�a�t� �e�q�u�a�t�i�o�n� �2�.�2�9� �t�e�n�d�s� �t�o� �f�i�t� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �p�o�i�n�t�s� �r�e�l�a�t�i�v�e�l�y� �w�e�l�l� �a�t� �t�h�e� �l�o�w�e�r� �v�a�l�u�e�s� �o�f� �M�y�,� �w�h�i�l�e� �t�h�e� �t�h�e�r�m�o�d�y�n�a�m�i�c� 

�m�o�d�e�l�,� �e�q�u�a�t�i�o�n� �2�.�3�6�,� �g�i�v�e�s� �a� �p�o�o�r�e�r� �f�i�t�.� �A�s� �M�y� �i�n�c�r�e�a�s�e�s�,� �e�q�u�a�t�i�o�n� �2�.�3�6� �f�i�t�s� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a� �b�e�t�t�e�r� �t�h�a�n� �e�q�u�a�t�i�o�n� �2�.�2�9�.� 

�S�i�a�u� �a�n�d� �A�v�r�a�m�i�d�i�s� �(�1�9�9�3�)� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �t�h�e� �a�v�e�r�a�g�e� �s�u�m� �o�f� �s�q�u�a�r�e�s� �o�f� �t�h�e� �d�e�v�i�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �a�n�d� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�l�u�x�e�s� �t�o� �c�o�m�p�a�r�e� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �t�h�e� �t�w�o� 

�m�o�d�e�l�s�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �f�r�o�m� �t�h�i�s� �c�a�l�c�u�l�a�t�i�o�n� �t�h�a�t� �t�h�e� �t�h�e�r�m�o�d�y�n�a�m�i�c� �m�o�d�e�l�,� �b�a�s�e�d� �o�n� �t�h�e� 

�g�r�a�d�i�e�n�t� �o�f� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l�,� �f�i�t�s� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �m�o�d�e�l� �b�a�s�e�d� �o�n� �t�h�e� 

�a�c�t�i�v�a�t�e�d� �m�o�i�s�t�u�r�e� �m�o�l�e�c�u�l�e�s�.� 

�S�t�a�n�i�s�h ��s� �m�o�d�e�l� 

�S�t�a�n�i�s�h� �(�1�9�8�6�)� �d�e�v�e�l�o�p�e�d� �a�n� �o�r�i�g�i�n�a�l� �m�a�t�h�e�m�a�t�i�c�a�l� �f�o�r�m�u�l�a�t�i�o�n� �t�o� �m�o�d�e�l� �m�o�i�s�t�u�r�e� 

�t�r�a�n�s�p�o�r�t� �t�h�r�o�u�g�h� �w�o�o�d�,� �p�o�i�n�t�i�n�g� �o�u�t� �t�h�e� �f�a�c�t� �t�h�a�t� �s�i�n�c�e� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �a�n�d� �t�h�e� �w�a�t�e�r� �v�a�p�o�r� 

�a�r�e� �i�n� �e�q�u�i�l�i�b�r�i�u�m�,� �t�h�e� �t�w�o� �p�h�a�s�e�s� �h�a�v�e� �t�h�e� �s�a�m�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l�.� �H�e� �e�x�p�r�e�s�s�e�d� �t�h�e� �m�a�s�s� 

�m�o�i�s�t�u�r�e� �f�l�u�x� �a�s� �t�h�e� �s�u�m� �o�f� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �f�l�u�x� �a�n�d� �t�h�e� �w�a�t�e�r� �v�a�p�o�r� �d�i�f�f�u�s�i�o�n� 

�f�l�u�x�.� 
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�J�=�m�,�+� �m�,� �(�2�.�3�7�)� 

�I�n� �E�q�.� �2�.�3�7�,� �m�,� �i�s� �t�h�e� �m�o�l�a�r� �f�l�u�x� �o�f� �w�a�t�e�r� �v�a�p�o�r� �t�h�r�o�u�g�h� �t�h�e� �g�a�s� �p�h�a�s�e� �a�n�d� �m�,� �i�s� �t�h�e� �f�l�u�x� 

�o�f� �b�o�u�n�d� �w�a�t�e�r� �t�h�r�o�u�g�h� �t�h�e� �c�e�l�l� �m�a�t�r�i�x�.� �T�h�e� �b�o�u�n�d� �w�a�t�e�r� �f�l�u�x� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �d�i�r�e�c�t�l�y� 

�p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �g�r�a�d�i�e�n�t� �i�n� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �b�o�u�n�d� �w�a�t�e�r�.� 

�d�u�,� �=� �(�2�.�3�8�)� � � �m�,�=�-� �D�,� �(�1�-�e�)� 

�I�n� �E�q�.� �2�.�3�8�,� �e� �i�s� �t�h�e� �v�o�i�d� �f�r�a�c�t�i�o�n� �o�f� �w�o�o�d�.� �S�i�n�c�e� �t�h�e�r�m�o�d�y�n�a�m�i�c� �e�q�u�i�l�i�b�r�i�u�m� �e�x�i�s�t�s� 

�b�e�t�w�e�e�n� �t�h�e� �t�w�o� �p�h�a�s�e�s� �o�f� �w�a�t�e�r�,� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �i�s� �e�q�u�a�l� �t�o� �t�h�e� 

�c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �w�a�t�e�r� �v�a�p�o�r� �(�i�.�e�.� �1�,� �=� �u�,�)�.� �U�s�i�n�g� �t�h�e� �G�i�b�b�s�-�D�u�h�e�m� �r�e�l�a�t�i�o�n�s�h�i�p� 

�f�o�r� �g�a�s�e�s� �(�M�,�,� �d�u�,� �=� �-� �S� �d�T� �+� �V� �d�P�)�,� �e�q�u�a�t�i�o�n� �2�.�3�8� �c�a�n� �b�e� �r�e�w�r�i�t�t�e�n� �a�s� 

�m�,� �-� �-� �D�,� �u� �h�k �� �P� �d�e� �(�2�.�3�9�)� 
�w� 

�(�1�-�e�)� �[�s�e�e� 

� � 

�w�h�e�r�e� �S� �i�s� �t�h�e� �m�o�l�a�r� �e�n�t�r�o�p�y�,� �V� �t�h�e� �m�o�l�a�r� �v�o�l�u�m�e� �o�f� �t�h�e� �g�a�s� �(�a�s�s�u�m�e�d� �i�d�e�a�l�)�,� �R� �t�h�e� �g�a�s� 

�c�o�n�s�t�a�n�t�,� �M�,�,� �t�h�e� �m�o�l�a�r� �w�e�i�g�h�t� �o�f� �w�a�t�e�r� �a�n�d� �P� �t�h�e� �w�a�t�e�r� �v�a�p�o�r� �p�r�e�s�s�u�r�e�.� �S�t�a�n�i�s�h� �d�e�r�i�v�e�d� �t�h�e� 

�e�n�t�r�o�p�y� �c�o�e�f�f�i�c�i�e�n�t� �u�s�i�n�g� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� �t�h�e�r�m�o�d�y�n�a�m�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�,� �a�n�d� �v�a�l�u�e�s� �f�o�u�n�d� �i�n� 

�t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �A�s�s�u�m�i�n�g� �a� �c�o�n�s�t�a�n�t� �h�e�a�t� �c�a�p�a�c�i�t�y� �(�C�,�)�,� �t�h�e� �a�b�s�o�l�u�t�e� �S� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� 

�T� �R�i�n ��.� �S� �=� �1�8�7� �+�C� �I�n� 
�P� �2�9�8�.�1�5� �1�0�1�3�2�5� 
� � � � �(�k�c�a�l�/�k�g�K�)� �(�2�.�4�0�)� 
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�F�r�o�m� �e�q�u�a�t�i�o�n� �2�.�3�9� �a�n�d� �e�q�u�a�t�i�o�n� �2�.�4�0�,� �t�h�e� �f�l�u�x� �o�f� �b�o�u�n�d� �w�a�t�e�r� �o�n�l�y� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� 

� � � � �m�,� �=� �-� �D�,� �a�e�!� �|� �1�8�7�+�C�,�I�n� �(�2�.�4�1�)� 
�w� 

�T� �p�m�?� �|� �a� �a� 
�2�9�8�.�1�5�.� �1�0�1�3�2�5�)� �a�&� �P� �a�&�k� 

�i�n� �t�e�r�m�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �v�a�p�o�r� �p�r�e�s�s�u�r�e�.� 

�S�t�a�n�i�s�h� �e�x�p�r�e�s�s�e�d� �t�h�e� �d�i�f�f�u�s�i�o�n� �o�f� �w�a�t�e�r� �v�a�p�o�r� �t�h�r�o�u�g�h� �w�o�o�d� �u�s�i�n�g� �F�i�c�k ��s� �f�i�r�s�t� �l�a�w� �a�s� 

�M�.�a�T�°�®� �d�(�P�/�P�.�,�,�)� �(�2�.�4�2�)� 
�R�U�-�P�/�P�_�,�)� � �d�&� 
� � �m�,� �=� �-�1�.�2�1�x�1�0�4� 

�w�h�e�r�e� �a� �i�s� �a�n� �a�t�t�e�n�u�a�t�i�o�n� �f�a�c�t�o�r� �w�h�i�c�h� �a�c�c�o�u�n�t�s� �f�o�r� �h�i�n�d�r�a�n�c�e� �o�f� �d�i�f�f�u�s�i�o�n� �d�u�e� �t�o� �w�o�o�d� 

�s�t�r�u�c�t�u�r�e� �a�n�d� �p�o�r�o�s�i�t�y� �a�n�d� �P�,�,�,�,�,� �1�s� �t�h�e� �t�o�t�a�l� �g�a�s� �p�r�e�s�s�u�r�e�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �t�o�t�a�l� �m�o�i�s�t�u�r�e� �f�l�u�x� �o�n� �a� �m�a�s�s� �b�a�s�i�s� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �b�y� �c�o�m�b�i�n�i�n�g� �e�q�u�a�t�i�o�n� 

�2�.�3�7�,� �e�q�u�a�t�i�o�n� �2�.�4�1�,� �a�n�d� �e�q�u�a�t�i�o�n� �2�.�4�2� �w�h�i�c�h� �g�i�v�e�s� 

�M�,�a�T�°�®� �d�(�P�/�P�.�,�,�)� 
�R�U�-�P�/�P�)� �c�k� 

�_�D� �(�2�)� �|� �{� �1�e�7�-�c�,�i�n� �T�e�r�n�?� �|�=� �R�T� �d�P� 
�B� �M� �P� �7� �2�9�8�.�1�5�.� �1�0�1�3�2�5�)� �d�&�k�e� �P� �d�e� 

�J� �=� �-�1�.�2�1�x�1�0�%� � � 

�(�2�.�4�3�)� 
� � � � 

� � 

�S�t�a�n�i�s�h� �n�o�t�e�s� �t�h�a�t�,� �u�n�l�i�k�e� �t�h�e� �o�t�h�e�r� �m�o�d�e�l�s� �(�e�q�u�a�t�i�o�n� �2�.�2�9� �a�n�d� �e�q�u�a�t�i�o�n� �2�.�3�6�)�,� �e�q�u�a�t�i�o�n� 

�2�.�4�3� �c�o�n�t�a�i�n�s� �n�o� �t�e�r�m�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �s�o�r�p�t�i�o�n� �b�e�h�a�v�i�o�r�.� �T�e�m�p�e�r�a�t�u�r�e� �a�n�d� �v�a�p�o�r� 

�p�r�e�s�s�u�r�e� �a�r�e� �t�h�e� �o�n�l�y� �v�a�r�i�a�b�l�e�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� �F�o�r� �t�h�e� �c�o�m�m�o�n� �c�a�s�e� �o�f� �P�,�,�.�,�,� �=� �1�0�1�3�2�5� �P�a�,� 

�e�q�u�a�t�i�o�n� �2�.�4�3� �c�a�n� �b�e� �s�i�m�p�l�i�f�i�e�d� �t�o� 
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� � � � � � �J�-�-�|�D�,�-�D�,�|� �4�6�2�7�)� �|�4� �.� �p�y�!� �1�0�4�0�0�.� �1�9�5�0�I�n ��7� �_�-�4�6�2�I�n�_�_�?�_� �|� �#�7� �P� �)�\� �d�e� �2�9�8�.�1�5� �1�0�1�3�2�5� �)� �d�x� 
�w�h�e�r�e� 

�D� �b� 

�(�2�.�4�4�)� 
�D�,� �(�l�-�e�)� 

�p� �.� �2�:�6�0�x�1�0�%� �0�7�° �� 
�*� � �-�1�-�P�/�1�0�1�3�2�5� 

�D�,� �a�n�d� �«� �a�r�e� �t�h�e� �o�n�l�y� �p�a�r�a�m�e�t�e�r�s� �i�n� �t�h�i�s� �m�o�d�e�l� �r�e�l�a�t�e�d� �t�o� �t�h�e� �w�o�o�d�.� 

�I�n� �o�r�d�e�r� �t�o� �v�a�l�i�d�a�t�e� �h�i�s� �m�o�d�e�l� �(�e�q�u�a�t�i�o�n� �2�.�4�4�)�,� �S�t�a�n�i�s�h� �c�o�m�p�a�r�e�d� �i�t� �t�o� �d�a�t�a� �f�r�o�m� �V�o�i�g�t� 

�(�1�9�4�0�)�,� �C�h�o�o�n�g� �(�1�9�6�3�)� �a�n�d� �S�i�a�u� �(�1�9�8�3�)�.� 

�C�h�o�o�n�g ��s� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �§�2�.�3�.�1�.� �F�o�u�r� �s�a�m�p�l�e�s� �o�f� �w�o�o�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� 

�i�n�i�t�i�a�l� �u�n�i�f�o�r�m� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �a� �n�o�n�u�n�i�f�o�r�m� �t�e�m�p�e�r�a�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n�.� 

�B�e�c�a�u�s�e� �t�h�e� �w�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�a�t�e�d� �w�i�t�h� �a� �v�a�p�o�r� �b�a�r�r�i�e�r�,� �t�h�e� �n�e�t� �f�l�u�x� �a�c�r�o�s�s� �t�h�e� �s�a�m�p�l�e� 

�i�s� �z�e�r�o�.� �I�n� �S�t�a�n�i�s�h ��s� �m�o�d�e�l�,� �i�n� �t�h�e� �c�a�s�e� �w�h�e�r�e� �t�h�e�r�e� �i�s� �n�o� �f�l�u�x� �o�f� �m�o�i�s�t�u�r�e� �(�J� �=� �0�)�,� �o�n�l�y� �t�h�e� 

�r�a�t�i�o� �«�/�D�,� �i�s� �r�e�q�u�i�r�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �m�o�i�s�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� �s�a�m�p�l�e�.� �S�t�a�n�i�s�h� �s�o�u�g�h�t� �a� 

�c�o�n�s�t�a�n�t� �v�a�l�u�e� �f�o�r� �t�h�i�s� �r�a�t�i�o� �t�o� �p�r�o�v�i�d�e� �t�h�e� �b�e�s�t� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �r�e�p�o�r�t�e�d� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� 

�p�r�o�f�i�l�e�,� �f�o�r� �a�l�l� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�s� �(�F�i�g�.� �2�.�1�2�)�.� �R�e�s�u�l�t�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.�4�.� 
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�T�a�b�l�e� �2�.�4�.� �B�e�s�t� �f�i�t� �d�i�f�f�u�s�i�o�n� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �d�a�t�a� �o�f� �C�h�o�o�n�g� �(�1�9�6�3�)�,� �f�r�o�m� �S�t�a�n�i�s�h� �(�1�9�8�6�)� 

� � 

� � 

�E�x�p�e�r�i�m�e�n�t� �N�o� �a�/�D�,� 

�1� �7�.�7�4�x�1�0�"� 

�2� �6�.�6�2�1�0�"�!� 

�3� �8�.�7�1�x�1�0�"� 

�4� �1�5�.�8�x�1�0�"�!� 
� � 

�S�i�n�c�e� �«�/�D�,� �d�e�p�e�n�d�s� �o�n�l�y� �u�p�o�n� �t�h�e� �m�a�t�e�r�i�a�l� �o�f� �t�h�e� �s�a�m�p�l�e�,� �t�h�e� �v�a�l�u�e�s� �m�e�a�s�u�r�e�d� �s�h�o�u�l�d� �b�e� 

�e�q�u�a�l�.� �B�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �v�e�r�y� �c�l�o�s�e� �t�o� �e�a�c�h� �o�t�h�e�r�,� �S�t�a�n�i�s�h� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �h�i�s� �m�o�d�e�l� �g�i�v�e�s� �a� 

�g�o�o�d� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a�.� 

�S�i�a�u� �a�n�d� �B�a�b�i�a�k ��s� �d�a�t�a� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �§�2�.�3�.�3�.�1�.� �S�t�a�n�i�s�h� �u�s�e�d� �t�h�e�s�e� �d�a�t�a� �i�n� �o�r�d�e�r� �t�o� 

�e�v�a�l�u�a�t�e�d� �«� �a�n�d� �D�,� �i�n�d�i�v�i�d�u�a�l�l�y�,� �s�i�n�c�e� �t�h�e�y� �a�r�e� �b�o�t�h� �n�e�e�d�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x�.� 

�K�n�o�w�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �t�e�s�t�s� �a�n�d� �t�h�e� �m�e�a�s�u�r�e�d� �v�a�l�u�e�s� �f�o�r� �t�h�e� �m�o�i�s�t�u�r�e� 

�f�l�u�x�e�s�,� �S�t�a�n�i�s�h� �e�x�p�r�e�s�s�e�d� �e�q�u�a�t�i�o�n� �2�.�4�4� �a�s� �D�,� �=� �f�(�a�)� �a�s� �f�o�l�l�o�w�s�,� 

� � 

�p�e�e� �c�e� 
�d�e� �d�k� 

�w�h�e�r�e� 

�4�.� �2�:�6�0�x�1�0�7� �7�"� 
�1�-�P�/�1�0�1�3�2�5� �(�2�.�4�5�)� 

�p� �.� �4�0�2�2� 
�P� 

�C� �=� �1�0�4�0�0�-�1�9�5�0�I�n�  ��2 �� �-� �4�6�2� �I�n� 
�2�9�8�.�1�5� �1�0�1�3�2�5� 

�F�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�s�,� �J�,� �T�,� �P�,� �d�P�/�d�x�,� �a�n�d� �d�T�/�d�x� �a�r�e� �k�n�o�w�n�,� �a�s� �s�h�o�w�n� �i�n� �t�a�b�l�e� 

�2�.�2�.� �T�h�e� �o�n�l�y� �t�w�o� �p�a�r�a�m�e�t�e�r�s� �l�e�f�t� �a�r�e� �«� �a�n�d� �D�,�.� �S�i�n�c�e� �t�h�e� �s�a�m�e� �w�o�o�d� �s�p�e�c�i�m�e�n� �w�a�s� �u�s�e�d� 
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�f�o�r� �a�l�l� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�s�,� �a� �c�o�n�v�e�n�i�e�n�t� �t�e�s�t� �t�o� �v�a�l�i�d�a�t�e� �e�q�u�a�t�i�o�n� �2�.�4�5� �i�s� �w�h�e�t�h�e�r� �o�r� �n�o�t� 

�c�o�n�s�i�s�t�a�n�t� �v�a�l�u�e�s� �f�o�r� �a� �a�n�d� �D�,� �c�a�n� �b�e� �f�o�u�n�d� �f�o�r� �w�h�i�c�h� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �s�o�l�u�t�i�o�n�s� �a�g�r�e�e� �w�i�t�h� �a�l�l� 

�f�o�u�r� �s�e�t�s� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a�.� �T�h�e� �v�a�l�u�e� �o�f� �D�,� �f�r�o�m� �e�q�u�a�t�i�o�n� �2�.�4�5� �i�s� �p�l�o�t�t�e�d� �f�o�r� �v�a�r�i�o�u�s� 

�v�a�l�u�e�s� �o�f� �«�,� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�s� �b�y� �S�i�a�u� �a�n�d� �B�a�b�i�a�k�.� �F�i�g�u�r�e� �2�.�1�6� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

�b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s� �v�s�.� �t�h�e� �v�a�p�o�r� �a�t�t�e�n�u�a�t�i�o�n� �f�a�c�t�o�r�s�.� �E�a�c�h� �c�u�r�v�e� �r�e�p�r�e�s�e�n�t�s� 

�a� �p�a�i�r� �o�f� �«� �a�n�d� �D�,� �f�o�r� �w�h�i�c�h� �t�h�e� �s�o�l�u�t�i�o�n� �o�f� �t�h�e� �g�o�v�e�r�n�i�n�g� �e�q�u�a�t�i�o�n� �a�g�r�e�e�s� �w�i�t�h� �t�h�e� 

� � 

� � � � � � 
� � 

�L�o�g� �p�,�'�)� 

�-�1�2� 
�E�x�p�e�r�i�m�e�n�t� �N�o�.� 

 �� �1� 
�o�s�e� �2� 
 ��-�-� �3�  ��1�3� �-� �-�-�-� �4� 

�O�o� �B�e�s�t� �f�i�t� 

�H�e�e� 

�F�i�g�u�r�e� �2�.�1�6�.� �B�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� 
�c�o�e�f�f�i�c�i�e�n�t�s� �a�n�d� �v�a�p�o�r� �a�t�t�e�n�u�a�t�i�o�n� 

�1�5� �f�a�c�t�o�r�s� �u�s�i�n�g� �t�h�e� �d�a�t�a� �o�f� �S�i�a�u� �a�n�d� 
�~� �~� �:� �.� 

�B�a�b�i�a�k�.� �F�r�o�m� �S�t�a�n�i�s�h� �(�1�9�8�6�)�.� 

 ��1�6� �b�b� 

 ��5� �~�4� � � 
�e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a�.� �A�l�l� �f�o�u�r� �c�u�r�v�e�s� �i�n�t�e�r�s�e�c�t� �n�e�a�r�l�y� �a�t� �a� �s�i�n�g�l�e� �p�o�i�n�t�,� �a�s� �e�x�p�e�c�t�e�d� �f�o�r� 

�e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �t�h�e� �s�a�m�e� �w�o�o�d� �s�a�m�p�l�e� �a�s�s�u�m�i�n�g� �t�h�a�t� �n�e�i�t�h�e�r� �«� �n�o�r� �D�,� �a�r�e� �f�u�n�c�t�i�o�n�s� �o�f� 

�m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�,� �w�h�i�c�h� �i�s� �n�o�t� �t�h�e� �c�a�s�e�.� �T�h�e�y� �c�o�u�l�d� �a�l�s�o� �d�e�p�e�n�d� �o�n� �t�e�m�p�e�r�a�t�u�r�e�,� �s�i�n�c�e� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t� �i�s� �t�h�e� �s�a�m�e� �f�o�r� �a�l�l� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�s�.� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �t�h�i�s� �a�p�p�r�o�a�c�h� �u�s�e�d� �b�y� �S�t�a�n�i�s�h� �i�s� �a�t�t�r�a�c�t�i�v�e� �b�e�c�a�u�s�e� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� 

�e�x�p�r�e�s�s�i�o�n� �(�e�q�u�a�t�i�o�n� �2�.�4�4�)�,� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �f�u�n�d�a�m�e�n�t�a�l� �t�h�e�r�m�o�d�y�n�a�m�i�c�s�,� �d�o�e�s� �n�o�t� �r�e�q�u�i�r�e� 
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�q�u�a�n�t�i�t�a�t�i�v�e� �b�o�u�n�d� �w�a�t�e�r� �s�o�r�p�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n�.� �G�i�v�e�n� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �d�i�f�f�u�s�i�o�n� �p�a�r�a�m�e�t�e�r�s� 

�(�a� �a�n�d� �D�,�)�,� �t�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x�e�s� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �o�n�l�y� �f�r�o�m� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �r�e�l�a�t�i�v�e� 

�h�u�m�i�d�i�t�y� �a�t� �e�a�c�h� �e�n�d� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�.� �T�h�e� �s�e�c�o�n�d� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �t�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �t�o� �m�o�d�e�l� 

�b�o�t�h� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �a�n�d� �w�a�t�e�r� �v�a�p�o�r� �d�i�f�f�u�s�i�o�n� �a�s� �t�w�o� �d�i�f�f�e�r�e�n�t� �m�e�c�h�a�n�i�s�m�s� �i�n� �t�h�e� 

�o�v�e�r�a�l�l� �t�r�a�n�s�f�e�r�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �m�o�d�e�l� �r�e�q�u�i�r�e�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� �t�w�o� �p�a�r�a�m�e�t�e�r�s�:� �a�,� �t�h�e� 

�a�t�t�e�n�u�a�t�i�o�n� �f�a�c�t�o�r� �f�o�r� �w�a�t�e�r� �v�a�p�o�r� �d�i�f�f�u�s�i�o�n� �a�n�d� �D�,�,� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�.� 

�S�t�a�n�i�s�h� �u�s�e�d� �t�h�e� �o�n�l�y� �d�a�t�a� �a�v�a�i�l�a�b�l�e� �t�o� �e�v�a�l�u�a�t�e� �t�h�e�m� �a�s� �t�h�e� �b�e�s�t� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �t�h�a�t� �f�i�t�s� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a�.� �H�o�w�e�v�e�r�,� �a� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �o�f� �D�,� �d�o�e�s� �n�o�t� �p�r�e�d�i�c�t� �h�i�g�h�e�r� �t�r�a�n�s�f�e�r� �r�a�t�e�s� �i�n� 

�w�e�t�t�e�r� �m�a�t�e�r�i�a�l� �(�w�o�o�d�)�,� �a�s� �i�s� �c�o�m�m�o�n�l�y� �o�b�s�e�r�v�e�d�.� �T�h�e�r�e�f�o�r�e�,� �a�d�d�i�t�i�o�n�a�l� �e�x�p�e�r�i�m�e�n�t�s� 

�m�e�a�s�u�r�i�n�g� �t�h�e� �o�v�e�r�a�l�l� �m�o�i�s�t�u�r�e� �f�l�u�x� �a�r�e� �n�e�e�d�e�d� �f�o�r� �f�u�r�t�h�e�r� �c�o�n�f�i�r�m�a�t�i�o�n� �o�f� �t�h�i�s� �t�h�e�o�r�y�.� 

�T�h�o�m�a�s�'� �m�o�d�e�l� 

�T�h�e� �p�r�o�p�o�s�e�d� �n�e�w� �t�h�e�o�r�y� �i�s� �b�a�s�e�d� �o�n� �u�s�i�n�g� �t�h�e� �g�r�a�d�i�e�n�t� �o�f� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� 

�w�a�t�e�r� �a�s� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e� �a�n�d� �a�c�c�o�u�n�t�i�n�g� �f�o�r� �b�o�t�h� �b�o�u�n�d� �a�n�d� �v�a�p�o�r� �d�i�f�f�u�s�i�o�n�.� �S�t�a�n�i�s�h� 

�m�o�d�e�l�s� �(�1�9�8�6�)� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �t�r�a�n�s�f�e�r� �u�s�i�n�g� �a� �g�r�a�d�i�e�n�t� �i�n� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �a�n�d� �t�h�e� �v�a�p�o�r� 

�t�r�a�n�s�f�e�r� �r�a�t�e� �w�i�t�h� �a� �g�r�a�d�i�e�n�t� �i�n� �p�a�r�t�i�a�l� �p�r�e�s�s�u�r�e� �o�f� �w�a�t�e�r�.� �A� �n�e�c�e�s�s�a�r�y� �c�o�n�d�i�t�i�o�n� �f�o�r� 

�e�q�u�i�l�i�b�r�i�u�m� �b�e�t�w�e�e�n� �t�h�e� �t�h�r�e�e� �p�h�a�s�e�s� �o�f� �w�a�t�e�r� �(�b�o�u�n�d�,� �f�r�e�e� �a�n�d� �v�a�p�o�r�)� �i�n� �a� �n�o�n�i�s�o�t�h�e�r�m�a�l� 

�s�y�s�t�e�m� �i�s� �t�h�e� �e�q�u�a�l�i�t�y� �o�f� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �w�a�t�e�r�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e� �l�o�c�a�l� �g�r�a�d�i�e�n�t� 

�o�f� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �i�s� �t�h�e� �s�a�m�e� �f�o�r� �a�l�l� �p�h�a�s�e�s�.� �V�a�p�o�r� �p�r�e�s�s�u�r�e�,� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 

�m�o�i�s�t�u�r�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t�s� �a�r�e� �i�n�h�e�r�e�n�t�l�y� �t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t�.� 
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�T�h�e� �t�o�t�a�l� �m�o�i�s�t�u�r�e� �f�l�u�x� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� �t�h�e� �s�u�m� �o�f� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �f�l�u�x� �a�n�d� �t�h�e� 

�v�a�p�o�r� �d�i�f�f�u�s�i�o�n� �f�l�u�x�,� �a�s� �e�x�p�r�e�s�s�e�d� �i�n� �E�q�.� �2�.�3�7�.� 

�T�h�o�m�a�s�'� �m�o�d�e�l� �d�i�f�f�e�r�s� �f�r�o�m� �S�t�a�n�i�s�h ��s� �m�o�d�e�l� �i�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �b�o�u�n�d� �w�a�t�e�r� �a�n�d� �t�h�e� 

�v�a�p�o�r� �d�i�f�f�u�s�i�o�n� �f�l�u�x�e�s�.� �T�h�e� �b�o�u�n�d� �w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� 

�g�r�a�d�i�e�n�t� �i�n� �t�h�e� �c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l� �o�f� �b�o�u�n�d� �w�a�t�e�r�.� 

�C�,�D�,� �1�,� 
�_�-� �b�b� �2�.�4�6� 

�m�y� �R�T� �a�x� �(�2�.�4�6�)� 

�w�h�e�r�e� �D�,� �i�s� �t�h�e� �d�i�f�f�u�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �t�h�e� �b�o�u�n�d� �p�h�a�s�e�,� �C�,� �i�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �R� �i�s� �t�h�e� 

�u�n�i�v�e�r�s�a�l� �g�a�s� �c�o�n�s�t�a�n�t�.� 

�S�i�m�i�l�a�r�l�y�,� �t�h�e� �m�o�i�s�t�u�r�e� �f�l�u�x� �o�f� �v�a�p�o�r� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� 

�C�,�D�,� �O�L�,� 

�.� �e�r�l� �1�-�2�-� �o�x� �(�2�.�4�7�)� 

�t�o�t�a�l� 

� � 

�w�h�e�r�e� �D�,� �i�s� �t�h�e� �d�i�f�f�u�s�i�v�i�t�y� �f�o�r� �w�a�t�e�r� �i�n� �a�i�r� �a�n�d� �«� �i�s� �a� �p�a�r�a�m�e�t�e�r� �t�h�a�t� �a�c�c�o�u�n�t�s� �f�o�r� �t�h�e� �m�a�t�e�r�i�a�l� 

�p�o�r�o�s�i�t�y� �a�n�d� �t�h�e� �t�o�r�t�u�o�s�i�t�y� �o�f� �t�h�e� �a�i�r� �p�a�t�h�.� 

�A� �n�e�c�e�s�s�a�r�y� �c�o�n�d�i�t�i�o�n� �f�o�r� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �p�h�a�s�e�s� �i�s� �t�h�e� �e�q�u�a�l�i�t�y� �o�f� �t�h�e� 

�c�h�e�m�i�c�a�l� �p�o�t�e�n�t�i�a�l�.� 

�=�p�,� �=�A� �-� �T�s� �(�2�.�4�8�)� 

�w�h�e�r�e� �h� �i�s� �t�h�e� �e�n�t�h�a�l�p�y� �o�f� �w�a�t�e�r� �a�n�d� �s� �i�s� �t�h�e� �e�n�t�r�o�p�y� �o�f� �w�a�t�e�r�.� 
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�U�s�i�n�g� �t�h�e�r�m�o�d�y�n�a�m�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �t�o� �e�x�p�r�e�s�s� �p�p� �i�n� �t�e�r�m�s� �o�f� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �P� �a�n�d� 

�t�e�m�p�e�r�a�t�u�r�e� �T�,� �E�q�.� �2�.�4�8� �g�i�v�e�s� 

�d�u� �a� �d�P� �s�a�l� �(�2�.�4�9�)� 

�T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �C�,� �a�n�d� �C�,� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �f�o�l�l�o�w� 

�Y�P�a� 
� � 

�&
� 

�(�2�.�5�0�)� 

�w�h�e�r�e� �y� �i�s� �t�h�e� �s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�,� �p�,� �i�s� �t�h�e� �d�r�y� �w�e�i�g�h�t� �o�f� �t�h�e� �m�a�t�e�r�i�a�l� �a�n�d� �M�,�,� �i�s� �t�h�e� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �o�f� �w�a�t�e�r�.� 

�C�o�m�b�i�n�i�n�g� �E�q�s�.� �2�.�4�6�,� �2�.�4�7�,� �2�.�4�9� �a�n�d� �4�.�5�0�,� �t�h�e� �t�o�t�a�l� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� �i�s� �g�i�v�e�n� �b�y� 

� � � � 

�i�!� �-� �a�D�,� �;� �v�y� �p�,�D�,� �o�P� �-�  ��D�P� �.� �¥�P�,�D�,�|� � �s� �o�T� 

�P�M� �a� �P� �R�T� �a� �.� �x�7�)� �1�- ��P� �w�f� �O�F� �|� �g�e�l� �y�p� �P�O� �e�2�5�1�)� 
�P� �c�a�l� �P� �v�a�l� 

� � � � � � 

�E�q�u�a�t�i�o�n� �2�.�5�1� �h�a�s� �t�h�e� �r�e�q�u�i�s�i�t�e� �f�o�r�m� �s�p�e�c�i�f�i�e�d� �b�y� �A�S�H�R�A�E� �8�1�0�-�T�R�P�,� �i�.�e�.�,� 

�r�i�t� �=�p� �g�S� �(�2�.�5�2�)� 

�E�q�u�a�t�i�o�n� �2�.�5�1� �r�e�q�u�i�r�e�s� �o�n�l�y� �t�w�o� �m�a�t�e�r�i�a�l� �p�r�o�p�e�r�t�i�e�s�,� �«� �a�n�d� �D�,�.� �T�h�e�s�e� �t�w�o� �p�r�o�p�e�r�t�i�e�s� �c�a�n� 

�b�e� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e�d� �b�y� �K�r�u�s� �(�1�9�9�2�)�.� �T�h�e� �b�a�s�i�s� �f�o�r� �t�h�i�s� 

�m�e�t�h�o�d� �i�s� �t�h�a�t� �b�o�u�n�d�-�w�a�t�e�r� �d�i�f�f�u�s�i�o�n� �i�n� �n�e�a�r�l�y� �d�r�y� �m�a�t�e�r�i�a�l�s� �i�s� �n�e�g�l�i�g�i�b�l�y� �s�m�a�l�l� �c�o�m�p�a�r�e�d� 

�t�o� �v�a�p�o�r� �d�i�f�f�u�s�i�o�n� �a�n�d� �t�h�a�t� �t�h�e� �p�a�r�a�m�e�t�e�r� �a� �i�s� �n�e�a�r�l�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �m�o�i�s�t�u�r�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 
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�T�h�e� �p�a�r�a�m�e�t�e�r� �a� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �r�a�t�e�s� �a�n�d� 

�c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�e� �t�w�o� �c�h�a�m�b�e�r�s� �d�u�r�i�n�g� �i�s�o�t�h�e�r�m�a�l� �t�e�s�t�s� �w�i�t�h� �a� �v�e�r�y� �l�o�w� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�.� 

�W�i�t�h� �«� �k�n�o�w�n�,� �m�e�a�s�u�r�e�m�e�n�t�s� �a�t� �h�i�g�h�e�r� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�i�e�s� �g�i�v�e� �D�,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� 

�m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �i�n� �t�h�e� �m�a�t�e�r�i�a�l�.� 

�T�h�i�s� �m�o�d�e�l� �n�e�e�d�s� �t�o� �b�e� �v�a�l�i�d�a�t�e�d� �b�y� �c�o�m�p�a�r�i�n�g� �r�e�s�u�l�t�s� �w�i�t�h� �e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a�.� �T�h�i�s� 

�v�a�l�i�d�a�t�i�o�n� �i�s� �t�h�e� �o�b�j�e�c�t� �o�f� �C�h�a�p�t�e�r� �4�.� 

�2�.�4�.� �C�o�n�c�l�u�s�i�o�n� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �w�a�s� �t�o� �p�r�e�s�e�n�t� �a�n� �e�x�t�e�n�s�i�v�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �o�n� �t�h�e� �d�i�f�f�e�r�e�n�t� 

�m�o�d�e�l�s� �t�o� �d�e�s�c�r�i�b�e� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� �t�h�r�o�u�g�h� �c�a�p�i�l�l�a�r�y�-�p�o�r�o�u�s� �m�a�t�e�r�i�a�l�s� �f�o�r� �b�o�t�h� �i�s�o�t�h�e�r�m�a�l� 

�a�n�d� �n�o�n�i�s�o�t�h�e�r�m�a�l� �c�o�n�d�i�t�i�o�n�s�.� �A�m�o�n�g� �t�h�e� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l�s�,� �s�e�v�e�r�a�l� �o�f� �t�h�e�m� �a�r�e� �a�t�t�r�a�c�t�i�v�e� 

�s�u�c�h� �a�s� �S�i�a�u ��s� �t�h�e�r�m�o�d�y�n�a�m�i�c� �m�o�d�e�l� �a�n�d� �S�t�a�n�i�s�h ��s� �m�o�d�e�l�.� �H�o�w�e�v�e�r�,� �e�a�c�h� �o�n�e� �n�e�e�d�s� �f�u�r�t�h�e�r� 

�e�x�p�e�r�i�m�e�n�t�a�l� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �t�o� �b�e� �e�i�t�h�e�r� �v�a�l�i�d�a�t�e�d� �o�r� �r�e�f�u�t�e�d�.� 

�A�n� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �R�.� �C�r�i�m�m� �(�1�9�9�1�)� �a�n�d� �R�.� �M�o�s�i�e�r� �(�1�9�9�4�)� 

�t�o� �c�o�l�l�e�c�t� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� �d�a�t�a� �t�h�r�o�u�g�h� �a� �w�o�o�d� �s�a�m�p�l�e�.� �T�h�i�s� �a�p�p�a�r�a�t�u�s� �w�i�l�l� �a�l�l�o�w� �m�o�r�e� 

�d�a�t�a� �t�o� �b�e� �t�a�k�e�n� �t�h�a�n� �t�h�e� �f�e�w� �e�x�a�m�p�l�e�s� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e� �n�e�x�t� �c�h�a�p�t�e�r� �w�i�l�l� �d�e�s�c�r�i�b�e� 

�t�h�i�s� �a�p�p�a�r�a�t�u�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�h�a�t� �w�e�r�e� �i�m�p�l�e�m�e�n�t�e�d� �t�o� �i�m�p�r�o�v�e� �i�t�.� 
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�C�H�A�P�T�E�R� �3� 

�E�x�p�e�r�i�m�e�n�t�a�l� �A�p�p�a�r�a�t�u�s� �a�n�d� �P�r�o�c�e�d�u�r�e� 

�A�n� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s� �w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �t�o� �m�e�a�s�u�r�e� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �t�h�r�o�u�g�h� 

�b�u�i�l�d�i�n�g� �m�a�t�e�r�i�a�l� �s�a�m�p�l�e�s�.� �T�h�e� �m�a�i�n� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�e� �a�p�p�a�r�a�t�u�s� �i�s� �t�o� �m�e�a�s�u�r�e� �t�h�e� �m�o�i�s�t�u�r�e� 

�f�l�u�x� �w�i�t�h� �b�o�t�h� �h�u�m�i�d�i�t�y� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t�s� �a�c�r�o�s�s� �t�h�e� �m�a�t�e�r�i�a�l� �s�p�e�c�i�m�e�n�.� �T�h�e� 

�o�r�i�g�i�n�a�l� �v�e�r�s�i�o�n� �o�f� �t�h�i�s� �a�p�p�a�r�a�t�u�s� �w�a�s� �d�e�s�i�g�n�e�d� �a�n�d� �b�u�i�l�t� �b�y� �C�r�i�m�m� �(�1�9�9�2�)� �a�n�d� �i�m�p�l�e�m�e�n�t�e�d� 

�b�y� �M�o�s�i�e�r� �(�1�9�9�4�)�.� �I�t� �i�s� �a� �u�n�i�q�u�e� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �t�h�e� �s�t�a�n�d�a�r�d�  ��c�u�p �� �m�e�t�h�o�d�,� �w�h�i�c�h� �i�s� �u�s�u�a�l�l�y� 

�u�s�e�d� �t�o� �m�e�a�s�u�r�e� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n�.� �T�h�e� �s�t�a�n�d�a�r�d� �m�e�t�h�o�d�s� �a�r�e� �d�e�t�a�i�l�e�d� �i�n� �M�o�s�i�e�r ��s� �t�h�e�s�i�s� 

�(�1�9�9�4�)�;� �t�h�e� �c�u�p� �m�e�t�h�o�d� �w�i�l�l� �b�e� �b�r�i�e�f�l�y� �r�e�c�a�l�l�e�d� �i�n� �t�h�e� �f�i�r�s�t� �s�e�c�t�i�o�n�.� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s� �w�a�s� �m�o�d�i�f�i�e�d� �t�o� �s�a�t�i�s�f�y� �t�w�o� �o�b�j�e�c�t�i�v�e�s�:� �i�n�c�r�e�a�s�e� �t�h�e� 

�o�p�e�r�a�t�i�o�n�a�l� �l�i�m�i�t�s� �a�n�d� �r�e�d�u�c�e� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �m�e�a�s�u�r�e� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n�.� �A� �n�e�w� 

�a�p�p�a�r�a�t�u�s� �w�a�s� �b�u�i�l�t� �f�r�o�m� �C�r�i�m�m ��s� �d�e�s�i�g�n� �t�o� �i�m�p�r�o�v�e� �i�t�s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�c�o�n�t�r�o�l� �a�n�d� �r�a�n�g�e�)�.� 

�T�h�i�s� �a�p�p�a�r�a�t�u�s� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �s�e�c�o�n�d� �s�e�c�t�i�o�n�.� �T�h�e� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �s�e�c�t�i�o�n�s� �w�i�l�l� 

�e�x�p�l�a�i�n� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �c�o�n�t�r�o�l� �o�f� �t�h�e� �a�p�p�a�r�a�t�u�s�.� �F�i�n�a�l�l�y�,� �t�h�e� �l�a�s�t� 

�s�e�c�t�i�o�n� �w�i�l�l� �d�e�s�c�r�i�b�e� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�c�e�d�u�r�e� �a�n�d� �t�h�e� �m�e�t�h�o�d� �f�o�r� �c�o�l�l�e�c�t�i�n�g� �d�a�t�a� �i�n� �o�r�d�e�r� 

�t�o� �m�e�a�s�u�r�e� �t�h�e� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �r�a�t�e� �t�h�r�o�u�g�h� �a� �t�e�s�t� �s�p�e�c�i�m�e�n�.� 
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�3�.�1�.� �S�t�a�n�d�a�r�d� �t�e�s�t� �m�e�t�h�o�d� 

�T�h�e� �A�m�e�r�i�c�a�n� �S�o�c�i�e�t�y� �o�f� �T�e�s�t�i�n�g� �a�n�d� �M�a�t�e�r�i�a�l�s� �(�A�S�T�M�,� �1�9�8�8�)� �d�e�s�c�r�i�b�e�s� �a� �s�t�a�n�d�a�r�d� 

�m�e�t�h�o�d� �f�o�r� �t�e�s�t�i�n�g� �t�h�e� �m�o�i�s�t�u�r�e� �p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �p�o�r�o�u�s� �m�a�t�e�r�i�a�l�.� �T�h�i�s� �m�e�t�h�o�d� �i�s� �a�l�s�o� �r�e�f�e�r�r�e�d� 

�t�o� �a�s� �t�h�e� �c�u�p� �m�e�t�h�o�d�.� �T�h�e� �t�e�s�t�s� �a�r�e� �c�o�n�d�u�c�t�e�d� �u�n�d�e�r� �i�s�o�t�h�e�r�m�a�l� �c�o�n�d�i�t�i�o�n�s�,� �a�n�d� �t�h�e� �r�e�l�a�t�i�v�e� 

�h�u�m�i�d�i�t�y� �i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �s�a�t�u�r�a�t�e�d� �s�a�l�t�-�i�n�-�w�a�t�e�r� �s�o�l�u�t�i�o�n�s�.� �F�i�g�u�r�e� �3�.�1� �i�s� �a�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s�.� �T�h�e� �t�e�s�t� �c�h�a�m�b�e�r� �(�1�)� �c�o�n�t�a�i�n�s� �a� �t�e�s�t� �d�i�s�h�,� �a�l�s�o� �c�a�l�l�e�d� �t�h�e�  ��c�u�p �� �(�2�)� 

�a�n�d� �a� �t�e�s�t� �s�p�e�c�i�m�e�n� �(�3�)�,� �s�e�a�l�e�d� �i�n� �t�h�e� �t�e�s�t� �d�i�s�h� �w�i�t�h� �w�a�x�.� �T�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �i�s� �c�o�n�t�r�o�l�l�e�d� 

�i�n� �t�h�e� �c�u�p� �s�i�d�e� �w�i�t�h� �a� �s�a�l�t� �s�o�l�u�t�i�o�n� �(�4�)� �p�l�a�c�e�d� �i�n� �t�h�e� �c�u�p�.� �A�n�o�t�h�e�r� �s�a�l�t� �s�o�l�u�t�i�o�n� �(�5�)� �i�s� �p�l�a�c�e�d� 

�i�n� �t�h�e� �c�h�a�m�b�e�r� �t�o� �c�o�n�t�r�o�l� �t�h�e� �c�h�a�m�b�e�r� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�.� 
�f� 

�(�1�)� �T�e�s�t� �C�h�a�m�b�e�r� 

� � 

� � � 
� � 

� � � � 

� � 

�(�3�)� �S�p�e�a�m�e�n� 

� � 
�=�a� �(�2�)� �T�e�s�t� �D�i�s�h� 

� � �W�a�x� 
� � 

� � 

� � 

� � 

� � 

�.� �(�4�)� �S�a�n�u�r�s�t�e�d� �S�a�l�t� �S�o�l�u�t�i�o�n� 
�o�r� �D�e�s�i�c�c�a�n�t� 

�(�5�)� �S�a�t�u�r�a�t�e�d� �S�a�l�t� �S�o�i�u�c�o�n� 

�o�r� �D�e�s�i�c�c�a�n�t� 

�F�i�g�u�r�e� �3�.�1�,� �A�S�T�M� �T�e�s�t� �a�p�p�a�r�a�t�u�s�.� 

�M�a�n�y� �a�u�t�h�o�r�s� �u�s�e�d� �t�h�e� �c�u�p� �m�e�t�h�o�d� �o�r� �m�o�d�i�f�i�e�d� �c�u�p� �m�e�t�h�o�d� �t�o� �c�o�l�l�e�c�t� �d�a�t�a� �o�n� 

�m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �m�e�t�h�o�d� �h�a�s� �s�e�v�e�r�a�l� �s�t�r�o�n�g� �l�i�m�i�t�a�t�i�o�n�s�.� �T�h�e� �f�i�r�s�t� �p�r�o�b�l�e�m� 
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�i�s� �t�h�e� �u�s�e� �o�f� �a� �s�t�a�g�n�a�n�t� �s�a�l�t� �s�o�l�u�t�i�o�n�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�a�l�t� �s�o�l�u�t�i�o�n� �u�s�e�d�,� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� 

�h�u�m�i�d�i�t�i�e�s� �c�a�n� �b�e� �m�a�i�n�t�a�i�n�e�d� �a�b�o�v�e� �t�h�e� �s�a�l�t� �s�o�l�u�t�i�o�n� �c�o�n�t�a�i�n�e�r�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �o�p�e�r�a�t�i�o�n� 

�r�a�n�g�e� �i�s� �l�i�m�i�t�e�d� �t�o� �c�e�r�t�a�i�n� �s�e�t�p�o�i�n�t�s�.� �M�o�r�e�o�v�e�r�,� �s�a�l�t�s� �t�e�n�d� �t�o� �m�i�g�r�a�t�e� �t�o�w�a�r�d� �t�h�e� �s�p�e�c�i�m�e�n� 

�s�u�r�f�a�c�e�,� �w�h�i�c�h� �c�a�n� �a�f�f�e�c�t� �t�h�e� �m�o�i�s�t�u�r�e� �d�i�f�f�u�s�i�o�n� �p�r�o�p�e�r�t�i�e�s�.� �S�a�l�t�s� �c�a�n� �a�l�s�o� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t� 

�t�h�e� �r�e�a�d�i�n�g� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �t�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�.� �T�h�e� �s�e�c�o�n�d� �p�r�o�b�l�e�m� �i�s� 

�t�h�e� �s�t�a�g�n�a�n�t� �a�t�m�o�s�p�h�e�r�e� �i�n� �t�h�e� �c�h�a�m�b�e�r� �a�n�d� �t�h�e� �c�u�p�.� �S�t�a�g�n�a�n�t� �b�o�u�n�d�a�r�y�-�l�a�y�e�r�s� �d�e�v�e�l�o�p� �a�n�d� 

�c�r�e�a�t�e� �r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e� �c�o�n�v�e�c�t�i�v�e� �r�e�s�i�s�t�a�n�c�e�s� �a�t� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �w�h�i�c�h� �a�f�f�e�c�t� �t�h�e� 

�m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �r�a�t�e�.� �T�h�e�r�e�f�o�r�e� �i�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �c�o�n�v�e�c�t�i�v�e� �c�o�e�f�f�i�c�i�e�n�t�s� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �p�e�r�m�e�a�n�c�e� �o�f� �t�h�e� �t�e�s�t� �m�a�t�e�r�i�a�l�.� 

�C�r�i�m�m� �(�1�9�9�2�)� �d�e�s�i�g�n�e�d� �a�n� �a�p�p�a�r�a�t�u�s� �t�h�a�t� �o�p�e�r�a�t�e�s� �u�n�d�e�r� �n�o�n�i�s�o�t�h�e�r�m�a�l� �c�o�n�d�i�t�i�o�n�s� 

�a�n�d� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �u�s�e� �o�f� �t�h�e� �s�a�l�t� �s�o�l�u�t�i�o�n� �t�o� �c�o�n�t�r�o�l� �t�h�e� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�.� �T�h�e� �c�u�r�r�e�n�t� 

�a�p�p�a�r�a�t�u�s� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.� �I�t� �i�n�c�l�u�d�e�s� �m�a�n�y� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�h�a�t� �w�e�r�e� �r�e�q�u�i�r�e�d� 

�t�o� �i�n�c�r�e�a�s�e� �t�h�e� �r�a�n�g�e� �o�f� �u�t�i�l�i�z�a�t�i�o�n� �a�n�d� �t�h�e� �c�o�n�t�r�o�l� �q�u�a�l�i�t�y�.� 

�3�.�2�.� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �a�p�p�a�r�a�t�u�s� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s� �c�o�n�s�i�s�t�s� �o�f� �a� �w�o�o�d�-�b�a�s�e�d� �s�p�e�c�i�m�e�n� �s�e�a�l�e�d� �b�e�t�w�e�e�n� �t�w�o� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�m�b�e�r�s�,� �e�a�c�h� �w�i�t�h� �i�t�s� �o�w�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �h�u�m�i�d�i�t�y� �c�o�n�t�r�o�l� �s�y�s�t�e�m�.� �A�i�r� 

�f�l�o�w� �i�s� �c�i�r�c�u�l�a�t�e�d� �o�n� �b�o�t�h� �s�i�d�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�.� �T�o� �m�a�i�n�t�a�i�n� �t�h�e� �d�e�s�i�r�e�d� �h�u�m�i�d�i�t�y� �i�n� �a� 

�c�h�a�m�b�e�r�,� �t�h�i�s� �a�i�r� �f�l�o�w� �i�s� �d�i�v�e�r�t�e�d� �e�i�t�h�e�r� �t�h�r�o�u�g�h� �a� �t�u�b�e� �o�f� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �t�o� �i�n�c�r�e�a�s�e� �h�u�m�i�d�i�t�y� 

�o�r� �t�h�r�o�u�g�h� �a� �t�u�b�e� �o�f� �d�e�s�i�c�c�a�n�t� �t�o� �l�o�w�e�r� �t�h�e� �h�u�m�i�d�i�t�y� �i�n� �t�h�e� �c�h�a�m�b�e�r�.� �L�i�k�e�w�i�s�e�,� �f�l�o�w� �p�a�s�s�e�s� 
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�t�h�r�o�u�g�h� �a� �h�e�a�t� �e�x�c�h�a�n�g�e�r� �s�y�s�t�e�m� �t�o� �c�o�n�t�r�o�l� �t�h�e� �c�h�a�m�b�e�r� �t�e�m�p�e�r�a�t�u�r�e�.� �A�n� �o�v�e�r�a�l�l� �s�c�h�e�m�a�t�i�c� 

�o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�m�b�e�r� �i�s� �s�h�o�w�n� �i�n� �F�i�g�.� �3�.�2�.� �S�i�n�c�e� �t�h�e� �s�e�t�u�p� �i�s� �s�i�m�i�l�a�r� �f�o�r� �b�o�t�h� 

�c�h�a�m�b�e�r�s�,� �o�n�l�y� �o�n�e� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �f�i�g�u�r�e�.� 

�T�e�m�p�e�r�a�t�u�r�e� �c�o�n�d�i�t�i�o�n�n�g� �h�u�m�i�d�i�t�y� �c�o�n�d�i�t�i�o�n�i�n�g� �I�n�s�t�r�a�m�e�n�t�a�t�i�o�n� 
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�F�i�g�u�r�e� �3�.�2�.� �O�v�e�r�a�l�l� �S�c�h�e�m�a�t�i�c� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s�.� 

�F�i�g�u�r�e� �3�.�3� �i�s� �a� �p�i�c�t�u�r�e� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s�.� �T�h�e� �t�w�o� �e�x�p�e�r�i�m�e�n�t�a�l� 

�c�h�a�m�b�e�r�s�,� �m�a�d�e� �o�f� �b�r�a�s�s�,� �w�i�t�h� �t�h�e� �t�e�s�t� �s�p�e�c�i�m�e�n� �i�n� �b�e�t�w�e�e�n�,� �a�r�e� �o�n� �t�h�e� �r�i�g�h�t� �.� �T�h�e�y� �a�r�e� 

�s�u�p�p�o�r�t�e�d� �o�n� �a� �m�e�t�a�l� �f�r�a�m�e� �b�y� �f�o�u�r� �i�n�s�u�l�a�t�i�n�g� �n�y�l�o�n� �r�o�d�s�.� �T�h�e� �c�h�a�m�b�e�r�s� �a�r�e� �u�s�u�a�l�l�y� �c�o�v�e�r�e�d� 

�b�y� �1�-�i�n�.�-�t�h�i�c�k� �i�n�s�u�l�a�t�i�o�n�.� �A�t� �t�h�e�i�r� �l�e�f�t� �s�t�a�n�d� �t�h�e� �f�o�u�r� �c�o�n�d�i�t�i�o�n�i�n�g� �t�u�b�e�s� �-�-� �o�n�e� �d�e�s�i�c�c�a�n�t� �t�u�b�e� 

�a�n�d� �o�n�e� �b�u�b�b�l�e� �t�u�b�e� �f�o�r� �e�a�c�h� �c�h�a�m�b�e�r�.� �T�h�e� �s�t�e�p�p�e�r� �m�o�t�o�r�s� �t�h�a�t� �c�o�n�t�r�o�l� �t�h�e� �f�l�o�w� �i�n� �t�h�e� 
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�c�o�n�d�i�t�i�o�n�i�n�g� �t�u�b�e�s� �a�r�e� �o�n� �t�h�e� �m�i�d�d�l�e� �s�h�e�l�f�,� �u�n�d�e�r� �t�h�e� �t�u�b�e�s�.� �O�n� �t�h�e� �t�o�p� �s�h�e�l�f� �a�r�e� �t�h�e� �t�w�o� 

�d�e�w�p�o�i�n�t� �h�y�g�r�o�m�e�t�e�r�s� �(�G�e�n�e�r�a�l� �E�a�s�t�e�r�n� �m�o�d�e�l�s� �H�y�g�r�o� �M�1� �a�n�d� �1�2�0�0� �A�P�S�)� �a�n�d� �t�h�e� �P�I�D� 

�c�o�n�t�r�o�l�l�e�r� �(�E�u�r�o�t�h�e�r�m�)�.� �T�h�e� �p�u�m�p�s� �a�r�e� �o�n� �t�h�e� �l�o�w�e�r� �s�h�e�l�f� �w�h�i�c�h� �i�s� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �t�h�e� 

�s�t�r�u�c�t�u�r�e� �t�o� �a�v�o�i�d� �v�i�b�r�a�t�i�o�n�s�.� �O�n�e� �p�u�m�p� �i�s� �u�s�e�d� �f�o�r� �t�h�e� �c�h�a�m�b�e�r� �a�i�r� �c�i�r�c�u�l�a�t�i�o�n� �a�n�d� �t�h�e� �o�t�h�e�r� 

�i�s� �f�o�r� �t�h�e� �c�o�o�l�i�n�g� �c�i�r�c�u�i�t� �t�h�a�t� �c�a�n� �b�e� �s�e�e�n� �a�r�o�u�n�d� �t�h�e� �c�h�a�m�b�e�r�s�.� �T�h�e� �c�o�n�s�t�a�n�t� �t�e�m�p�e�r�a�t�u�r�e� 

�b�a�t�h� �f�o�r� �t�h�e� �b�o�t�t�o�m� �c�h�a�m�b�e�r� �i�s� �o�n� �t�h�e� �f�a�r� �r�i�g�h�t�.� 

� � 
�F�i�g�u�r�e� �3�.�3�.� �P�i�c�t�u�r�e� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�a�r�a�t�u�s�.� 

�3�.�2�.�1�.� �T�e�s�t� �s�p�e�c�i�m�e�n� 

�T�h�e� �t�e�s�t� �s�p�e�c�i�m�e�n� �c�o�n�s�i�s�t�s� �o�f� �a� �c�i�r�c�u�l�a�r� �b�o�a�r�d� �o�f� �t�h�e� �m�a�t�e�r�i�a�l� �s�a�m�p�l�e� �-�-�o�r�i�e�n�t�e�d� �s�t�r�a�n�d� 
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