
 

  

    Sensitivity of Facial Organs of Pythons as Deduced by Radiation Heat 

         Transfer Analysis Under Varying Environmental Conditions  

  

by  

Rama Wairagkar  

  

  

  

  

Bachelor of Engineering  

Aeronautical Engineering  

Sathyabama University 2014  

  

  

  

  

  

A thesis submitted to the College of Engineering at   

Florida Institute of Technology in 

partial fulfillment of the requirements 

for the degree of  

  

  

  

  
Master of Science  

In  

Aerospace Engineering  

  

  

  

Melbourne, Florida  

December 2017  

  

  

  

  



 

   
    

   COPYRIGHT  

 In presenting this thesis in partial fulfillment of the requirements for an advanced 

degree at the Florida Institute of Technology, I agree that the library shall make it 

freely available for reference and study. I further agree that permission for copying 

of this thesis for scholarly purposes may be granted by the Head of my department 

or by his or her representatives. It is understood that copying or publication of this 

thesis for financial gain shall not be allowed without my written permission.  

  

   Rama Wairagkar  

                        Department of Mechanical and Aerospace  

    Florida Institute of Technology  

    Melbourne, Florida  

  

    Dec 11th, 2017  

  

    © Copyright 2017, Rama Wairagkar 

    All Rights Reserved  

  

  

  

  

  

  

  

  

    Signature  

    

    ___________________________________________________________  

  

  

          

     

  

  



 

  

  We the undersigned committee here by approve the attached thesis  

      

  

Sensitivity of Facial Organs of Pythons as Deduced by Radiation Heat Transfer 

Analysis Under Varying Environmental Conditions 

            by  

                   Rama Wairagkar  

  

  

  

  

  ________________________      _______________________  

                   Hamid Hefazi, Ph.D.                                 Michael Grace, Ph.D. 

           Department Head and Professor                  Senior Associate Dean and Professor 

   Mechanical and Aerospace Engineering                                  College of Science 

  

  

  

  

  

  ________________________          

          Chelakara Subramanian, Ph.D.              

           Program Chair and Professor       

   Mechanical and Aerospace Engineering 

         

       

                       

                                        

     

    



iii  

  

  

Sensitivity of Facial Organs of Pythons as Deduced by Radiation 

Heat Transfer Analysis Under Varying Environmental Conditions  

by  

Rama Wairagkar  

Thesis Advisor: Hamid Hefazi (Ph.D)  

  

ABSTRACT  

Predicting the behavior of snakes has been an interest to several scientists for the 

last few decades. Even though considerable amount of research has been carried 

out pertaining to snakes, there remains a degree of curiosity regarding their striking 

ability, live prey detection at locations where visual clues are unobtainable, 

thermosensation and the phenomena that drives these conducts. Researches carried 

out so far have moderately disregarded the perception of sensitivity of facial pits of 

snakes and its characteristics under contrasting temperature domains.   

This thesis attempts to undertake a computational analysis of the sensitivity of 

facial pits of Burmese pythons under varying environmental conditions. The 

sensitivity analysis has been carried out by using radiation heat transfer analysis 

and by using COMSOL Multiphysics software, a CFD package based on advanced 

numerical methods for modelling and simulating physics based problems.  

The main objective was to perform the thermal analysis as a result of temperature 

contrasts resulting from an endothermic prey over facial pits of varying thicknesses 

under temperatures ranging from 45 degrees Celsius to 15 degrees Celsius and 

humidity levels at low 35% RH and high 70% RH.  

 The results indicated that pit temperature was observed to be lowest for low 

environmental conditions and increased gradually as the environmental conditions 
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were higher. Change in pit membrane temperature depicted an increase when the 

distance between the snake and prey was decreased. Pits less than 0.005 m showed 

less temperature absorption at any given condition. Furthermore, the ambient 

temperature presented a pivotal role in affecting the pit sensitivity. While, in 

previous research the snake might respond to temperature changes of 0.003°C, 

there is scant information in public domain to comment on the sensitivity of the pit 

organ responding to the temperature contrasts of the order one thousandth of a 

degree Centigrade or less. Evidence for quantum detection for such an order of 

temperature variance is presently undiscovered. 

The new sensitivity analysis is conducted for a range of environmental and 

geometrical parameters where the python is subjected to an endothermic prey. This 

will enable biophysicists to perceive behavioral indications of thermal detection in 

pythons. Finally, the computational results indicate that the temperature deflections 

at low order of magnitude are achieved in short period of time which is consistent 

in behavior of snake. 

It is expected that this study would help to provide a foundation in obtaining 

greater insight regarding the pit organ response subjected to various environmental 

temperatures with respect to the pit sizes. The conclusions would be beneficial to 

any early stage biophysicist whose interest lies in advancing the snake behavioral 

studies. Also, it may provide several ideas in engineering aspects of sensors and 

their applications. 
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Chapter 1  

Introduction  

Though the bio industry is setting a broad exposure in life studies through 

advanced technologies and varying simulation software, the research seems to be 

never ending in producing finer and optimized solutions pertaining to snake 

studies. 

Most pythons have holes on their faces called as pit organs which are heat sensitive 

organs on each side of their head, situated near their nostrils. Neural data from the 

pit organs is incorporated with their visual framework (Chiszar et al. 1977; de 

Cock Buning 1983a). It has been known for quite a while that the eponymous 

facial pits of pitvipers (Viperidae: Crotalinae) are sense organs that react to warm 

infrared radiation discharged by adjacent surfaces (ca. 5–30 μm wavelength), and 

can in this manner sense the temperature of encompassing surfaces (Bullock and 

Cowles, 1952). Practically, the facial pits are picture shaping structures in light of 

pinhole optics looking like the chamber-sort eye of the nautilus (Fernald, 2006).  A 

general feeling of some behavioral capacities and different parts of the life 

structures and neurophysiology of the facial pit are very much recorded. Be that as 

it may, a clear comprehension of the physical and physiological optics of the facial 

pit framework is needed, and in this way of how much can pythons really `detect 

temperature' with the facial pits. The facial pits consequently work as a moment 

match of eyes. The pit organs of Crotalinae snakes give the most elevated amount 

of thermal affectability at any point depicted for a natural framework (Molenaar 

1992; Ebert and Westhoff 2006; Ebert et al. 2007). On account of pythons, the 

sensitive area of the pit organ is a membranous structure situated inside the pit. 

The thermal sensors in the layer seem to work as heat receptors, rather than 

photonic infrared (IR) receptors, with the end goal that temperature changes in the 
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film of the pit organ induce changes in the discharge frequency of the heat-

sensitive units (Bullock and Diecke 1956; de Cockerel Buning et al. 1981; Pappas 

et al. 2004). IR radiation reaches the film and initiates miniscule changes in layer 

temperature, which are detected and transduced by metabolically dynamic (i.e., 

mitochondria-rich) neural pole cells (Bleichmar and de Robertis 1962; Ebert et al. 

2006). Consequently, the pit organ distinguishes changes in heat flux from this 

response which thus, relies upon pit film temperature (de Rooster Buning 1983b). 

It has likewise been proposed that quick heat expulsion from the layer is essential 

to reduce thermal "afterimages" by enabling the thermal receptors to return to their 

resting state after a stimulus from a heat source, in this manner expanding spatial 

or temporal resolution (Amemiya et al. 1999; Goris et al. 2003). Cooling of the pit 

layer by means of vaporization may improve heat identification by means of any of 

these mechanisms. Behavioral contemplations have set up that the facial pits help 

in prey detection (Bullock and Diecke, 1956; de Cockerel Buning, 1983; Kardong, 

1986; Respectable and Schmidt, 1937) and intervene behavioral thermoregulation 

(Krochmal and Bakken, 2003). Different concepts have been proposed however 

not tried, including general route and predator recognition (Bullock and Barrett, 

1968; Greene, 1992; Sexton et al., 1992). Behavioral proof proposes that 

contribution from the facial pits compensates for visual limitations (Kardong and 

Berkhoudt, 1999; Kardong and Mackessy, 1991). Along these lines, this sense 

might be especially essential on moonless evenings, when the snakes and their 

prey have all the earmarks of being most dynamic (Clarke et al., 1996), and 

additionally when surface temperature itself is pertinent, as in behavioral 

thermoregulation (Krochmal and Bakken, 2003; Krochmal et al., 2004).  

Anatomically, the facial pits are situated between the eyes and nostrils. Each 

comprises of a 1–3 mm measurement gap extending inside asymmetrically and to 

some degree has an unpredictable mushroom-formed cavity. Thermal radiation 

entering the gap falls on and heats a tactile film suspended in the back of the pit, 

separating the pit into an inward and external chamber. The layer contains a couple 
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of thousand receptors that react to film temperature changes of 0.003°C or less 

(Bullock and Cowles, 1952; Bullock and Diecke, 1956; de Cockerel Buning, 1983; 

Moiseenkova et al., 2003).  

The outline and understanding of investigations of both behavioral reactions and 

neural processing requires information of the temperature differentiate images on 

the layer, which is characterized by the optical and the thermal properties of the 

facial pit. Precise determination (the sharpness of the picture) decides the 

`brightness' of small targets, the extent to which larger objects such as food items 

contrast with background, and the general nature of spatial data accessible for 

tasks, for example, general route and thermoregulation. Background and target 

surface temperatures and also surface temperature contrasts are influenced via air 

temperature, present and past sun oriented radiation, and the thermal repository 

limit of the object. Consequently, thermal balance fluctuates with environment 

structure and time of day, making spatiotemporal variety in the likelihood of 

accomplishment of behavioral exercises depending on thermal signals (G.S. 

Bakken, A.R. Krochmal, 2007). 

1.1 Background  

It has been known for quite a long time that rattle snakes, boas and pythons have 

supposed pit organs between the eye and the nostril or just near the nostril that can 

detect even minimal measures of infrared radiation heat in their environment. 

Among pit snakes, the western diamondback rattler, local to northern Mexico and 

southwestern United States, is in its very own class, its warmth seeking capacity is 

up to 10 times quicker than any of its cousins. Indeed, even with minor patches 

covering its eyes, the snake has demonstrated the capacity to track and slaughter 

prey blindfolded. Be that as it may, precisely how these reptiles recognize and 

change over infrared signs into nerve motivations has remained a secret, and the 

subject of sharp civil argument. 
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One of the means suggested is the photochemical substance processes hidden 

vision, whereby the eye sees electromagnetic radiation unmistakable light for 

people as photons that actuate receptor cells, which thus change over the vitality 

into a biochemical signal to the brain. In this case, the infrared radiation is really 

distinguished inside the pit organ as heat. A thin layer inside the pit organ basically 

an empty, hard cavity warms up as the radiation enters through an opening in the 

skin. Since the layer is in an empty space, it is exquisitely sensitive to changes in 

temperature. The warmed tissue at that point responds to nerve filaments to actuate 

the receptors known as TRPA1 channels. The neurochemical pathway included 

proposes that snakes feel warm as opposed to see it. Considering change in 

tangible particles is a fascinating approach to study the advancement in light of the 

fact that as creatures possess distinctive specialties, smell and taste diverse things, 

chase diverse creatures, their tactile frameworks need to adjust.  

To explore the outcomes of variety in the spatial determination and receptor 

affectability of genuine and speculative facial pits, Bakken and Krochmal inferred 

portrayals of the obscured picture on the pit layer utilizing the investigation in 

three steps namely, by radiometry of the ideal image, conversion of image radiance 

to membrane temperature and by computing actual image using point spread 

function. As approximations to the perfect picture, the utilized pointedly engaged 

thermograms of different scenes were recorded with a determination of 0.1°C and 

a flat out precision of 1– 2°C utilizing a FLIR PM575 radiometric warm imager 

(FLIR Inc, North Billerica, Mama, USA). G.S. Bakken and A.R. Krochmal figured 

the layer temperature contrasts utilizing equation (1), 

                               (1) 

 And afterward convoluted these pictures utilizing equation (2) as executed in 

MATLAB (The MathWorks, Inc. Natick, Mama, USA). G.S. Bakken and A.R. 

Krochmal utilized the `circular' choice in MATLAB to lessen edge ancient rarities. 
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The yield is their portrayal of the inexact appearance of the temperature 

differentiate pictures on the pit film.  

                             (2) 

Bakken and Krochmal investigated the interrelated impacts of angular opening on 

image sharpness and layer temperature contrast by utilizing spread functions with 

θi from 2.5° to 20°. The observed precise gaps for Crotalus oreganus (Fig. 1B) are 

ca θi = 20– 30° to the side, and ca. 10° the forward way (see likewise DeSalvo and 

Hartline, 1978). The significance of forward imaging is shown by a higher 

thickness of receptors and related veins on the bit of the layer comparing to objects 

specifically before the head (Amemiya et al., 1999; Goris and Nomoto, 1967; 

Goris and Terishima, 1973). Seen from the forward heading, the outer opening is 

higher than it is wide (Fig. 1A) and the optical spread capacity is in this manner 

sub-circular. To mimic this, they utilized circular spread functions with the level θi 

half of the vertical θi. 

 

Fig.1 (A) Pit viper: One pit on each side with suspended membrane inside.(B) Frontal 

area demonstrating the inside structure of the pit organ of a Pacific poisonous snake 

Crotalus o. oreganus Holbrook 1840. (Bakken and Krochmal, 2007) 

Natural conditions strongly affect source temperature contrasts, especially for 

mammalian and avian prey. The surface temperature of skin or quill protection is 
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closer to air than body core temperature (e.g. Slope et al., 1980; Slope and Veghte, 

1976; Kardong, 1986; Veghte and Herreid, 1965). To reveal, Bakken and 

Krochmal recorded thermograms (Fig. 3A, E) of a potential prey in a temperature 

cabinet at the least body temperature of dynamic poisonous snakes, 15°C, and at 

the run of the mill chasing temperature of 30°C (Beck, 1995; Hirth and Ruler, 

1969; Moore, 1978). While the temperature differentiate over a large portion of the 

60 g Ord's kangaroo rodent Dipodomys ordii is most prominent at 15°C, over the 

majority of the hide surface it is just around 6°C above air temperature. This is 

under 1/3 of the 21°C contrast between body center (36°C) and air temperature. At 

30°C, temperature differentiate is around 2.5°C, contrasted with the 6°C distinction 

amongst center and air. Just the eyes have a surface temperature closer to body 

core temperature. The outcomes for other winged animal and warm blooded animal 

preys analyzed are comparable, albeit some daintily furred ground squirrels had 

higher surface temperatures. 

The discoveries show either that the layer is more delicate than as of evaluated, or 

that pit vipers acquire less data from this sense than is generally accepted. 

Representing conductive heat loss through still air in the foremost and back 

chambers decreases the temperature complexity of the picture to just 5– 25% of 

that assessed by before examines, which did not consider conduction through the 

air. To accomplish the behavioral capacities of pit vipers (Ebert and Westhoff, 

2006), the differentiation affectability of the pit layer should be no more sensitive 

at end of the range (0.003– 0.001°C) found by Bullock and Diecke (Bullock and 

Diecke, 1956). The examination expected the snake was on the ground, and in this 

way did exclude constrained convection. Noteworthy air development with the 

outside pit, e.g. since the snake was presented to twist on an arboreal roost, would 

additionally diminish layer temperature contrasts. Subsequently, the film may 

possibly react to differences of under 0.001°C. The instrument by which such 

affectability may be attained is directly obscure. 
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Bullock and Diecke (Bullock and Diecke, 1956) assessed the affectability of the pit 

layer to temperature contrasts as <0.001°C to 0.003°C on the grounds that they 

acquired a reaction to even the slightest temperature distinction they could 

quantify, 0.0025°C. They likewise found that neural reaction is generally straight 

for temperature differentiate up to 100× limit affectability. To relate pictures to this 

layer affectability, they set the temperature range and the quantity of colorbar steps 

to such an extent that each of the 30 colorbar steps would speak to a film 

temperature distinction equal to assumed temperature sensitivities inside this range. 

                                    

               Fig.2. Thermogram of a rat (Bakken and Krochmal, 2007)  

On similar lines; Viviana Cadena, Denis V. Andrade, Rafael P. Bovo and Glenn J. 

Tattersall conducted experimental procedures where they examined the potential of 

rattlesnakes for respiratory cooling to improve strike behavior, capture and 
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consumption of endothermic prey as behavioral indicators of thermal detection. All 

tests were performed inside the snakes' home enclosures under ordinary lodging 

conditions and as a feature of their typical care and sustaining plan. The confines 

were kept deprived of exterior items (e.g. water dish) beginning 24 h before the 

start of each test. Amid all analyses cameras (warm imaging camera and an 

infrared night vision camera) were situated before the enclosure. Every estimation 

period began no less than 5 min after the sliding glass entryway of the confine was 

delicately evacuated. Additionally, extreme care was taken in limiting aggravation 

from the nearness of the experimenter; the onlooker was outside the snake's field of 

view, developments were moderate and negligible and silence was kept all 

circumstances to abstain from disturbing the rat prey. 

The motivation behind these tests was to assess the impact of rostral cooling on the 

predator efficiency of poisonous snakes. Each snake was tested on two separate 

days at low (LH; 40– 45 % RH) and high humidity (HH; 90– 95 % RH), 

introduced in irregular order. Low humidity was attained by fitting dehumidifiers 

while high humidity was accomplished with open source water radiators and water 

vaporizers (Ta was consistent between the tests). RH and Ta were measured with a 

computerized humidity/temperature meter (Show HHF81, Omega Building Inc., 

Laval, Canada). To eliminate visual signals that could impact the snakes' ruthless 

capacity, the snakes were kept in entire darkness all through the feeding. Toward 

the start of each trial, a mouse (Strain Album 1; mass: 38 ± 6 g) was delicately set 

at the edge of the confine farthest from the snake. The snake was then permitted to 

strike, pursuit, and endeavor sustaining on the mouse. 

Moistness ended up being a powerful method for controlling the level of 

respiratory vaporization. 
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Fig.3. Thermal images of South American rattlers held at various dampness 

levels (Cadena et al. 2013)  

Evaporative cooling of the zone around the heat detecting facial pits upgrades a 

few parts of endothermic prey recognition, and by derivation, thermal detection. 

This was clear from the more precise strikes and from the shorter idleness of the 

post-strike practices in snakes with expanded rostral cooling (i.e., in the area 

around the pit organs). It takes after at that point, the thermal sensation, a sense that 

is incorporated with the visual framework, may add to the post-strike seeking 

conduct of stationary prey, a conduct that has customarily been believed to be 

interceded fundamentally by vomerolfactory sensation (Chiszar et al. 1977; 

Chiszar et al. 1992; Haverly and Kardong 1996). Confirmation has been given that 

C. durissus adjusts the level of respiratory cooling by changing the profundity or 

length of breathing, as a major aspect of a behavioral "sharpness" reaction; this 

reaction accommodates more prominent cooling of the area around the pit organs 

and may increase or if nothing else impact the creature's thermal discovery. In this 
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way, South American diamondbacks can gain advantage from this phenomenon 

(i.e., respiratory cooling) that is basic among vertebrates (Robertshaw 2006; 

Tattersall et al. 2006) to expand their prey catch capacity. 

Outcomes on the effect of rostral cooling on thermal sensation exhibited that the 

range around the upper routes and the pit organs can be cooled up to 2.6 °C 

beneath the surface temperature of whatever is left of the body. This was obviously 

the aftereffect of respiratory vaporization (Borrell et al. 2005; Tattersall et al. 2006) 

on the grounds that an expansion in ecological humidity decreased the extent of 

rostral cooling. Besides, dissipation begins from the upper nasal routes and phasic 

changes in rostral temperature arise at an indistinguishable rate from ordinary 

breathing recurrence (4 breaths/min) in this species (Andrade et al. 2004; Tattersall 

et al. 2006).  

In reserve to a general heat impact, respiratory cooling of the zone around the pit 

organs may promote heat expulsion from the pit film by encouraging conductive 

thermal exchange to the enclosing skin. Because of the extraordinary slenderness 

of the tangible film of the pit organ (8– 6 μm; Bullock and Fox 1957; Bleichmar 

and De Robertis 1962), temperature changes are required to arise immediately, 

expanding the adequacy of a sudden decline in pit organ temperature because of 

respiratory cooling. In fact, the heat sensitive neurons in the layer are invigorated 

by phasic changes in temperature, showing a great degree in high release rates with 

sudden changes in temperature (Bullock and Diecke 1956; de Rooster Buning et al. 

1981; Pappas et al. 2004).  

Cadena, Andrade, Bovo and Tattersall thus proposed three conceivable methods by 

which heat expulsion of the pit film may expand thermal discovery: (1) Enhanced 

heat flux between the prey and the thermal sensors. (2) Changes in pit organ 

temperature will influence the capacity of TRPA channel heat sensors in the pit 

membrane. (3) Reduction of thermal "afterimages": the existence of a thick 

capillary network related with the pit film (Goris et al. 2003) features the 
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significance of having the capacity to alter thermal transition to the pit organ, to 

maintain operational heat identification (Amemiya et al. 1999). 

This study proved to be a pivotal platform in understanding this natural thermal 

image sensor on grounds of thermosensation and radiation heat transfer concepts, 

with the amalgamation of neuro-physiology and anatomy being compelling to 

proceed with further research. It also projected a light on the behavioral aspects of 

the snake which were observed in effect due to changes in temperature contrasts on 

the pit membrane.  
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CHAPTER 2  

  THEORY  

Heat transfer is a discipline of thermal engineering that is relevant to a wide range 

of disciplines from medicine to meteorology and all of the technologies that exploit 

or are constrained by it. Heat transfer is categorized by different mechanisms such 

as thermal conduction, thermal convection, thermal radiation, and exchange of 

energy by phase changes. Specialists additionally consider the exchange of mass of 

varying compound species, either icy or hot, to accomplish heat exchange. While 

these processes have particular qualities, they frequently happen at the same time 

in the same system. Thermal radiation happens through a vacuum or any 

transparent medium. It is the exchange of energy by methods of photons in 

electromagnetic waves represented by similar laws. 

Thermal radiation is the outflow of electromagnetic waves from all matter that has 

a temperature more prominent than total zero. It represents a transformation of heat 

energy into electromagnetic energy. Heat energy comprises of the kinetic energy of 

irregular developments of particles and atoms in matter. All matter with a 

temperature by definition are made out of particles which have kinetic energy, and 

which interface with each other. These molecules and atoms are made out of 

charged particles, i.e., protons and electrons, and their collaborations among matter 

particles result in charge-acceleration. This outcomes in the electrodynamic 

generation of coupled electric and magnetic fields, bringing about the emanation of 

photons, transmitting energy far from the body through its surface limit. 

Electromagnetic radiation, including light, does not require the presence of matter 

to proliferate and travel in the vacuum of space unendingly far if unhindered.  

2.1 Radiation Heat Transfer 

Electromagnetic waves can be transferred through space without the presence of 

matter, but thermal energy is not generated until the waves contact matter. As the 
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electromagnetic waves contact matter, they transfer heat by increasing the thermal 

energy of the matter. It is interesting to note that the heat transferred by radiation is 

a function of the matter's absorbance of the electrometric waves. White objects 

reflect much of the light that hits them, thus absorbing very little of the energy and 

avoiding the transmittance of heat due to radiation. On the other end of the 

spectrum, black objects adsorb all of the light and have the maximum heat transfer 

due to radiation. But radiation does not only occur by visible light; it can also be 

due to the electromagnetic waves in the range of infrared and others. 

2.2 Surface to Surface Radiation 

The theory for radiation exchange is based on the following assumptions. Surfaces 

form an enclosure and surfaces are separated by a nonparticipating media. 

Radiatively, nonparticipating media has no effect on the transfer of radiation 

between surfaces. There is no scattering, no emission and no absorption. Such 

medium is vacuum, and also other monatomic and most diatomic gases at low and 

moderate temperatures, at temperatures before ionization and dissipation. 

Absorption depends on irradiation, which depends on emission from other surfaces 

including those far away from the observed surface. To make total radiative energy 

balance the entire domain must be considered, which is assumed to be closed. 

Thus, all radiation contributions are accounted for. An open enclosure is in practice 

closed by introducing artificial surfaces. For example, opening can be considered 

as a surface with zero reflectivity and as a radiation source when presenting 

environmental radiation. Enclosure may be composed of complex geometries 

which can bring lots of difficulties in calculations. Therefore, the enclosure may be 

idealized by inventing alternative simple surfaces and by assuming surfaces to be 

isothermal with constant (average) heat flux values across them. 

In studying the behavior of the snake, it is assumed that there is no olfactory 

stimulus and there is no visionary aid at the same time. Radiation heat transfer is 
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the only mechanism that is considered. Heat transfer with surface to surface 

radiation is given by the equation (3) 

Qrad = σ A ε [ (Tprey)
4- (Tpit organ)

4]                (3) 

Where, wavelength dependence of emissivity is constant and the exterior radiation 

media is transparent with media refractive index as 1. 

2.3 COMSOL Multiphysics  

Heat transfer is an important physical effect that is mostly taken into consideration 

with other physical effects. Temperature fields lead to thermal stresses, while 

electromagnetic fields create resistive, induction, microwave, and RF heating. 

Fluid flow over different components and parts is essential for cooling them, while 

temperature variations have a very large impact on the material properties and their 

physical behavior when being thermally processed, such as casting or welding. 

COMSOL Multiphysics is a cross-platform finite element analysis solver 

and multiphysics  simulation software. It allows conventional physics-based user 

interfaces and coupled systems of partial differential equations (PDEs). COMSOL 

provides a unified workflow for electrical, mechanical, fluid, and chemical 

applications. The Heat Transfer Module includes a number of user interfaces for 

easy modeling of heat transfer coupled with other phenomena, and can be 

integrated into any of the other modules in the package. Support for modeling 

radiation is provided for a number of scenarios in the heat transfer module, which 

includes specialized solvers to model the phenomenon and couple it with 

convection and conduction. The heat transfer module provides tools for modeling 

surface-to-ambient radiation, ambient-to-surface radiation, and surface-to-surface 

radiation in transparent, opaque, and participating media. 

The module uses the radiosity method to model surface-to-surface radiation, and 

accounts for surface-properties dependent on the wavelength where you can 

simultaneously consider up to five spectral bands in the same model. This is 

appropriate for modeling sun radiation, where the surface absorptivity for short 

https://en.wikipedia.org/wiki/Multiphysics
https://en.wikipedia.org/wiki/Simulation_software
https://en.wikipedia.org/wiki/Partial_differential_equation
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wavelengths (solar spectral band) may differ from the surface emissivity for the 

longer wavelengths (ambient spectral band). In addition, transparency properties 

can be defined for each spectral band. The Heat Transfer Module also models 

radiative heat transfer in participating media, which accounts for the absorption, 

emission, and scattering of heat radiation in such media. 

Notable feature of using this software is the Bioheat Equation interface. This is the 

perfect tool for simulating thermal effects in human tissue and other biological 

systems, whether through microwave heating, resistive heating, heating through 

chemical reaction, or radiative heating. As always in the COMSOL simulation 

environment, temperature changes can easily be funneled back to the material 

properties of other physics, such as electrical material properties for a strongly 

coupled multiphysics simulation. Bioheating can be combined with a variety of 

phase change phenomena, including tissue necrosis. In this study, equation (3) 

was used under the Bioheat interface to simulate thermal effects between the prey 

and the pit organ of the snake. 

The Surface-to-Surface Radiation setting: Surface-to-surface radiation was the 

most relevant and complicated part of this work. This difficulty arises from the 

amount of calculation required to estimate the view factors of all points on all 

external surfaces with respect to all other surface points on any visible boundary. 

In radiative heat transfer, a view factor, is the proportion of the radiation which 

leaves surface that strikes surface. COMSOL offers two methods to calculate the 

view factors and solve the irradiation of the bridge surfaces; the Hemi-cube 

method and the Direct Integration method. The Hemi-cube method is the more 

sophisticated one, which considers the effect of shadowing, and hence it is an 

accurate method but more time consumer. This method evaluates the view factor 

of each element face in the mesh by rendering digital images of the geometry in 

five different directions. The direct integration method is a more simplified but 

with low accuracy method, in which the obstruction of elements faces by other 

elements is not considered, which means that the shadowing effect is not taken into 
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account. Because shadowing effects are important, the hemi-cube method was used 

in the current study. 
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  CHAPTER 3  

  MODEL DEVELOPMENT  

A 3D model was created using geometry tools as shown in Fig.4. The glass 

chamber is modelled into a rectangular cuboid of 0.2 x 0.1 x 0.1 m. The ellipsoid 

as the prey (mouse) is taken to be around 0.12 m length and the pit organ is 

modelled with different sizes particularly 0.001m, 0.003m and 0.005m consisting 

of 3D pit geometry. The pit organ is moved further towards its prey at varying 

distances to study the thermal effects. The outer walls of the chamber are well 

insulated to prevent heat loss from the chamber. 

                                    

                      

 Fig.4. Actual 3D model (above), wireframe model of the set up (below) (in mm) 
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3.1 The Different Pit Organ Geometries 

The morphology of the pit organ is altogether different in the snake genealogies. In 

pit vipers, it is most advanced as observed from Fig. 5. The pit viper pit organ is 

comprised of three sections: an inward and an external chamber, isolated by a thin 

layer. This film functions as an "infrared retina", distinguishing infrared radiation 

that enters the inward chamber. The internal chamber is invisible from outside of 

the snake's body, yet it senses the outside air by means of a pore situated between 

the eye and the pit. Since the outside opening of the external chamber is smaller 

than the film, infrared light sources cast a shadow on the layer, which are identified 

as an image by the sensory system. The data is processed by the sensory system 

independently from that information obtained by utilizing the lateral eyes, however 

all images are coordinated in the cerebrum to deliver one single consistent image 

of the environment.   

                
  

  Fig.5. Goris 2011 a) Boa constrictor b) Corallus caninus c) Python molurus d) Gloydius          

blomhoffii (snakesarelongblogspot.com) 
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3.2 Burmese Python Pit Organ  

The Burmese Pythons are local to the wildernesses and verdant swamps of 

Southeast Asia, they are among the biggest snakes on Earth. They have poor 

vision, so they stalk prey utilizing synthetic receptors in their tongues and thermal 

sensors along their jaws. Pythons have many pit organs around the mouth and there 

is no suspended membrane. 

 

Fig.6. Burmese python pits (left) ref.2 and 2D modelled pit geometry (right)  

The pit organ is modelled using different options under geometry node in 

COMSOL. Pit sizes of 0.001m, 0.003m and 0.005m were tested to detect the 

thermal effects as radiated from the prey at varying distances and angles under 

various environmental conditions. These pit sizes refer to the pit membrane 

thickness, highlighted surface in figure 6 (right) shows the pit membrane, other 

curvatures around the membrane are taken proportional to this surface.  

3.3 Geometry  

 Generating an extensively accurate CFD solution is must to gain confidence in 

simulating results. So, it requires a great attention in setting up and also in the 

process of investigation. CFD analysis of a problem involves three main steps 

namely pre-processing, analysis of the problem and post-processing (Mahmood, 

2001). Pre-processing involves creation and importing the model geometry, 

domain creation, accurate model meshing and setting up all the required 
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conditions. Analysis is done by the CFD program by running the simulations for 

several iterations according to the conditions given in the input by the user.  Post- 

processing starts once the simulation gets over and mainly includes the generation 

of different graphs and values corresponding to the problem. 

The entire 3D model was created using COMSOL. Once the individual models 

within the entire setup were improved, they were assigned specific domains. The 

domain is the boundary within which the analysis will be made and also acts as a 

virtual control volume for close representation of real world scenario. The domain 

size is determined by the spacing area in which the analysis needs to be carried out. 

The domain of the case set up is shown in  Fig.7.   

              

                     Fig.7. The domain of case set up (in mm)  

 The domain zones are defined as ellipsoid (prey), block2 (pit organ) and block1 

(the glass chamber). 

3.4 Mesh Generation  

 After the domain is created, Boolean operation is performed to subtract the model 

from the domain which represents the whole domain as a single body rather than 

two different parts. The next step is to generate a fine meshing over the created 

domain. For accurate meshing, Tetrahedral elements are used which are the default 

element type for most physics within COMSOL Multiphysics. Tetrahedra are also 

known as a simplex, which simply means that any 3D volume, regardless of shape 

or topology, can be meshed with such elements. They are also the only kind of 
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elements that can be used with adaptive mesh refinement. For these reasons, 

tetrahedral meshing was used as it allows for a greater mesh quality and obtaining 

a good result of the bioheat transfer solution as suggested by COMSOL 

Multiphysics. Tetrahedral cell mesh of the domain for the entire case set up is 

shown in Fig. 8 and Table 3 representing the meshing details.  

                             

       

        Fig.8. Tetrahedral cell mesh of the case set up CFD domain (Symmetry)  

        

                  3.5 Boundary Condition and Solution Setup  

The system is considered as three dimensional steady, time independent and multi-

phase study. The properties of air are applied for a set of different cases and are 

given below in Table 1. 

           Table 1: Properties of Air at Different Temperatures 

Ambient Temperature, Ta Density, ⍴ 

27˚C 1.184 kg/m3 

15˚C 1.225 kg/m3 

45˚C 1.109 kg/m3 

     

http://www.comsol.com/multiphysics/mesh-refinement
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 The ambient temperature is subjected to different humidity levels of 35% RH, 

50% RH and 70% RH to initiate different humidity levels in each case to see the 

variation in solution for a period of 2 seconds. Also, the prey is considered to have 

a standard mass of 0.185 kg with blood density 1125 kg/m3 kept at standard body 

temperature of 37˚C. Whereas, the snake is kept at its normal body temperature of 

24.85˚C. It should be noted that both the rodents are kept at their respective body 

temperatures at all times unless their surface temperature does show an effect due 

to varying environmental conditions by 0.5-1˚C. The absolute value of thermal 

conductivity was taken to be λ = 0.11W/m K for the sensitive membrane of the pit 

organ and λ = 0.34W/m K for nonspecific skin areas outside the pit organ. This 

was notable while setting up the simulation as it proceeds different conductivity 

values for respective regions would be taken in consideration to obtain required 

solution. The temperature dependence of the heat dissipation for various initial 

temperature differences was measured by Vladimir.V.Tsukruk and Srikanth 

Singamaneni for surface areas of pit organ and non-pit skin of snakes. Their 

measurements revealed that the value of thermal conductivity for pit receptor areas 

was much lower than that for surface areas outside snake’s pit receptor organs in 

Scanning Probe Microscopy of Soft Matter: (Ref1)  
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 The materials used for the specific domains are skin, muscle and tissues all 

together where the thermal conductivity values are stated in Table 2.   

 

          Table 2: Materials and Thermal Conductivity, W/m K 

Blood .505  

Tissue (skin) .293-.322   

Pit Membrane 0.11  

Nonspecific pit skin  0.34  

Muscle (prey) .505-.530 
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CHAPTER 4    

MESH SENSITIVITY STUDY  

 Sensitivity prediction of facial pits of snakes has always been challenging due to 

limitations in its size, heat measuring techniques at such a size etc. To determine 

the degree at which a model is an accurate representation of the real world from the 

perspective of the intended use of the model it is important to examine the data 

from CFD. The model has been taken and is subjected to different environmental 

conditions for which the radiation heat analysis has been performed for different 

distances and pit sizes. Since the facial pits of pythons exhibit different 

temperatures, comparison of these simulated heat transfer results to the facial pits 

of other snake species with different sizes and shapes sounds inappropriate. Since, 

variation of temperature is small, accuracy of the CFD simulations have to be 

examined. A major factor in accuracy is the size of the mesh.  Therefore, the facial 

pit of python is processed through a series of different mesh sizes. The goal is to 

determine the optimum mesh size, beyond which the results remain the same. So, a 

mesh sensitivity study is preferred which is also known as Grid Convergence 

study. 

4.1. Grid Convergence Study 

The overall objective of grid convergence study is to demonstrate the accuracy of 

CFD codes for a given model so that confidence can be gained in simulating 

results that can be credible for decision making in design. This assessment 

determines if the implementation of computational programming of the conceptual 

model can be improved by finer mesh. 

This is a method which involves performing simulations on two or more 

successively finer grids. As the grid cells become smaller and smaller and the 

number of cells in the domain increase, the size of the grid spacing tends to zero 

thus, excluding the need for the computer to round off the error. 
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As the grid gets refined, the solution becomes less sensitive to the grid spacing and 

it approaches a continuum solution. This is called grid convergence.    

 The Grid Convergence study is done by performing radiation heat transfer analysis 

on a 0.005 m pit size with three different grid sizes for the same boundary and 

environmental condition for all domains. The total temperature is obtained from 

CFD for each grid size and a comparative study is done for the results obtained 

from all three grid sizes. This study is required to test the sensitivity of different 

grid sizes and their effect on the solution obtained. Results show a good trend 

obtained from the three tested grid sizes shown in Table 3. It is observed that the 

finer grid size of 5 x 10-4 proves to be an optimum mesh size for this analysis as it 

is seen that the pit temperature beyond this discretization does not change. Figure 

10 shows a comparison of all the three grid sizes i.e. finer mesh which were 

computed for 1 second for an ambient temperature of 27 degree Celsius, with 

temperature of prey being 36 degree Celsius and the initial temperature of the pit 

being kept around 25 degree Celsius.   

   Table 3: Grid Sensitivity Study Results  

   Grid Size 

(m) 

   Total Mesh   

Elements 

Pit  Elements Max Pit 

Temperature  

Fine: 

 6.5 x 10-4 

349,715 9,446 298.73 K ~ 

25.58 ˚C 

Finer: 

5 x 10-4 

659,400 14,499 298.74 ~ 

25.59 ˚C 

Extremely 

Fine: 

2.5 x 10-4 

1,396,012 31,091 298.74  ~ 

25.59 ˚C 

  

  Figure 10 shows a comparative plot of the above grid sizes. This plot displays the 

trend behaviour of each mesh size towards achieving the solution. This was computed 

for 1 second for the above mentioned conditions. It is seen from the plot that mesh size 

of 6.5 x 10-4 deviates by 0.01 K/˚C compared to other two mesh sizes. It is also 
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observed that the mesh size of 5 x 10-4 results to be the optimum mesh size from these 

results as the pit temperature beyond this discretization remains constant. 

 

Fig.9: Discretization of the Pit with different grid sizes 

                           

                                         Fine Mesh Size: 6.5 x 10-4 m 

                        

                                         Finer Mesh Size: 5 x 10-4 m 

                       

                                      Extremely Fine Mesh Size: 2.5 x 10-4 m 
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   Fig. 10: Comparison of the three grid sizes used to validate the model 
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  CHAPTER 5  

 CFD ANALYSIS  

   5.1 CFD SIMULATION  

 As a result of validation of the model from the grid convergence study obtained 

from CFD results, the sensitivity of the facial pit is tested using COMSOL 

Multiphysics under ambient conditions of 15 degree Celsius with 35% RH, 27 

degree Celsius with 50% RH and 45 degree Celsius with 70% RH.  The 

simulations are carried out in the normal ambient temperature range of 27 degree 

Celsius by varying the pit organ corresponding to distances of 0.07 m to 0.17 m 

away from the prey to see the effect of temperature. The prey at intermediate and 

closest to prey set up of the model is seen from Figure 11 and 12. 

 

                                          Fig.11. Pit at intermediate distance of 0.12 m  
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Fig.12. Pit at closest distance of 0.07 m 

 

5.2 Normal Ambient Temperature Case  

 The results from the mesh sensitivity study case show the pit temperature for the 

normal ambient temperature of 27 degree Celsius with prey and pit being at 37 

degree Celsius and 25 degree Celsius respectively. This same case is run for a time 

period of 2 seconds to observe the final pit temperature sensed by the snake when 

it is kept at an intermediate distance of 0.12 m from the prey. A very short period 

of 2 second time interval was chosen as the study being radiative heat transfer and 

also to match real physical scenario of the snake where it detects temperature 

contrasts in merely few seconds. Figure 13 shows the temperature at 2 second time 

for the pit organ at normal ambient temperature. The temperature contours 

computed by CFD are illuminated by the heat contrast scheme on the pit surface as 

shown in Figure 14. 
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                                                   Fig.13: Pit Temperature at 0.12 m 

                          
Fig.14: Pit Temperature Contours at 0.12 m 

                                  
   

5.3 Varying Distances in the Normal Case  

 5.3.1 Pit Closest to the Prey 

 The pit organ in this case is moved further towards the prey at a distance of 0.07m 

from the prey. The ambient conditions for this case are the same as the normal case 

of 27 degree Celsius with 50% RH. Again, the prey and pit are kept at 37 degree 

Celsius and 25 degree Celsius respectively. This case is computed at 2 second time 
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interval. Figure 15 and Figure 16 show the temperature sensed by the pit organ 

when it is closest to its prey at 27 degree ambient temperature.   

                          Fig. 15: Pit Temperature at 0.07m  

                       

Fig. 16: Pit Temperature Contours at 0.07 m  

 
      5.3.2 Pit Farthest to the Prey 

       This case involves the pit organ being subjected to a distance of 0.17m which is 

farthest to its prey. This case is computed for the same 2 second time interval 

with the same boundary conditions. Figures 17 and 18 exhibit the temperature 

contrasts obtained on the pit surface at 0.17 m distance at 27 degree ambient 

temperature. 

297.8

298

298.2

298.4

298.6

298.8

299

299.2

299.4

299.6

0 0.5 1 1.5 2 2.5

P
it

 T
e

m
p

e
ra

tu
re

 (
K

e
lv

in
)

Physical Time (s)

Pit Temperature at 0.07m from the prey 



32  

  

                                  Fig. 17: Pit Temperature at 0.17 m 

     

                       Fig. 18: Pit Temperature Contours at 0.17 m 

 

 

          5.3.3 Pit Organ Subjected to 0.12m with 30 degree Elevation 

 The pit organ in this case is subjected to an intermediate distance from its prey at 

0.12 m and it is elevated vertically to an angle of 30 degree Celsius from the 

ground indicating that the snake is standing and observing its prey. The 

temperature sensed by the pit organ is seen from Figure 19.     
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 Fig. 19: Pit Temperature at 0.12m with 30 degree elevation  

  

                

5.4 Pit Sensitivity vs Pit Sizes 

In order to learn more about the facial pit sensitivity of pythons, pit sizes of 1mm 

and 3mm were modelled to compare the outcomes between those of 5mm pit sizes. 

Both the 1mm and 3 mm pit sizes were subjected to the same boundary conditions of 

ambient temperature being 27 degree Celsius, the prey temperature was same of 37 

degree Celsius with pit temperature being 25 degree Celsius. Figure 20 and Figure 21 

show the temperature obtained at the 1mm and 3mm pits respectively. 
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                                          Fig. 20: Temperature Sensed by 1mm Pit Size 

   

  Fig. 21: Temperature Sensed by 3 mm Pit Size 
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 5.5 Low Ambient Temperature 

 In this case, the pit organ is subjected to a low ambient temperature of 15 degree 

  Celsius with 35 % RH levels. The pit organ is kept at a distance of 0.12m from 

          the prey at a temperature of 25 degree Celsius, with prey being kept at 37 degree  

Celsius. Figures 22 and 23 exhibit the temperature observed at the pit organ at 

low ambient temperature. 

            Fig. 22: Pit Temperature at Tambient = 15 degree Celsius 

 
     

Fig. 23: Pit Temperature Contours at Tambient = 15 degree Celsius 
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                     5.6 High Ambient Temperature 

In this case, the pit organ is subjected to a high ambient temperature of 45 

degree Celsius with 75 % RH levels. The pit organ is kept at a distance of 0.12m 

from the prey, with prey at pit temperature being at 37 and 25 degree Celsius at 

all times. Figures 24 and 25 show the pit temperature obtained at 45 degree 

Celsius temperature. 

           

            Fig. 24: Pit Temperature at Tambient = 45 degree Celsius 

 
     

          Fig. 25: Pit Temperature Contours at Tambient = 45 degree Celsius 
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                5.7 Differential Temperature  

                   While presenting any data where comparison of two or more quantities is 

involved, researchers naturally focus on differences. Many relations may be 

expressed as either absolute or differential differences. An absolute difference is a 

subtraction of given quantities whereas; the term differential is used in calculus to 

refer to an infinitesimal (infinitely small) change in some varying quantity. 

Because this choice may influence how significant a difference "feels," 

differential temperature plots for the normal, low and high ambient conditions 

were studied.  

 The trend was obtained by plotting the difference in temperature between the 

ambient temperature and the pit temperature versus the time difference from the 

instant when computation is started. 

    

                        Fig. 26: Differential Temperature when Tambient = 27° C 

 Figures 26-28 depict the change in temperature. The slope in the normal case is 

seen to be gradually decreasing and the change in temperature is observed to be at 

a slower rate as opposed to low and high ambient conditions where the change is 

considerably rapid. Most rapid change is observed in the high ambient conditions, 

whereas, it is most passive for low ambient conditions. 
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Fig.27. Differential Temperature at Tambient = 15° C 

  

Fig. 28 Differential Temperature at Tambient = 45°C 
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 5.8 Radiation vs No Radiation Temperature Plots 

In order to study the effect of ambient temperature on the pit membrane results 

were generated when the prey was devoid of being a participant in radiating 

photons and only the surrounding temperature was the only source. For these 

cases, ambient-to-surface radiation heat transfer physics was applied. Figures 29-

31 depict the variation of no radiation from the prey versus the radiation absorbed 

by it for low, normal and high ambient conditions. 

 

 

 

 

.   

           Fig.29. Effect of temperature at low ambient conditions 
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           Fig.30. Effect of temperature at normal ambient conditions 

      

                           Fig.31. Effect of temperature at high ambient conditions 

 

  

   

297.9

298

298.1

298.2

298.3

298.4

298.5

298.6

298.7

298.8

298.9

0 0.5 1 1.5 2 2.5

P
it

 T
e

m
p

e
ra

tu
re

 (
K

e
lv

in
)

Physical Time (s)

Radiation vs No Radiation for Tambient = 300 K 

With Prey

Without Prey

298

298.5

299

299.5

300

300.5

301

301.5

302

302.5

0 0.5 1 1.5 2 2.5

P
it

 T
e

m
p

e
ra

tu
re

 (
K

e
lv

in
)

Physical Time (s)

Radiation vs No Radiation at Tambient = 318 K 

With Prey

Without Prey



41  

  

CHAPTER 6  

 CONCLUSION  

   6.1 CONCLUSION  

 The main objective of this research is to investigate the temperature changes in the 

pit organ and try drawing out any favorable results by examination of the 

conceptual model studied. In the absence of direct validation of CFD results 

against experimental data, we can only compare trends and simulations results with 

physical scenarios pertaining to snake behavior. Overall, these comparisons point 

to a descent reliability of the CFD results. The trends fond are consistent with the 

snake behavior.  

 With good agreements between physical reality and CFD investigation data, the 

total radiation heat transfer on the pit membrane was studied. The results obtained 

from this analysis show that the optimum mesh size for CFD simulations was 

found out to be 5 x 10-4 m for this study. The pit temperature is lowest for low 

environmental conditions and increases as ambient temperature increases as seen 

from Table B.1. The pit characteristics in terms of sensing heat exhibited by 0.005 

m pit size are higher when compared to the other two sizes 0.003 m and 0.001 m 

respectively. This is observed from figure 32 below and table B.2. It can be said 

that values for pits less than 0.005 m would show much lower temperature 

absorption at any given condition. This states that larger pit sizes have more heat 

sensing ability compared to the smaller pits or the membrane is more sensitive for 

the larger pits.   

 In addition, with the obtained total radiative heat transfer results, the differential 

change in temperature was studied. It can be said that the rate of change of 

temperature that was sensed by the pit organ happened to be lowest for low 

ambient conditions and was highest for high ambient conditions as seen from table 

B.3. The results showed that the change in pit membrane temperature is higher 
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when snake is closer to its prey as seen from table B.4. With the radiative study 

compared with only ambient source of radiation as observed from table. B.5, it can 

be said that the ambient temperature does affect the pit organ sensitivity 

significantly.   

             Fig.32: Effect of pit size on pit temperature 

                    

In conclusion, the CFD results obtained from this research show that the 

characteristics of pit organ in terms of thermosensation greatly depends on its 

size, complexity in its morphology, ambient conditions and distance from its 

target. The snake might use a collaborated response from its other sensory 

abilities and to account for its observed behavioral capabilities, the sensory 

endings on the pit membrane may be able to respond to temperature contrasts 

of 0.001 degree Celsius or less.  With the present findings, it can be seen that 

the accuracy is at a very low order of magnitude making this sense truly 

remarkable. Also, CFD reveals a significant consistency with the investigation 

process which involved the experimental background. Therefore, the process 

of this study provides the advantages of economy of time and cost 

consumption in the relevant fields.  
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   6.2 Future Work  

This thesis is limited to the investigation of pit geometry of pythons of specific 

sizes. So, the analysis can be performed on rest of the pit geometries of various 

complexities of the same species of snakes or of the other. This analysis is 

made only on one snake species at a time. One can perform analysis by having 

different species of snake at the same time to observe how the same target 

affects two different pit geometries at same boundary conditions. In addition, 

outcomes from the current study can be used to formulate empirical equations 

relating pit temperature to relevant non-dimensional parameters. Such 

equations can be generalized to other applications. Also, these CFD analyses 

can be performed on other animals with remarkable senses which are able to 

detect electromagnetic and ultrasonic waves effectively.   
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   Appendix A:  

 Fig.1 (A) Close-up perspective of the head of a western diamondback rattle 

snake Crotalus atrox Baird and Girard 1853 demonstrating the area of the pit 

organ. (B) To help perception, the foremost air chamber was loaded with red 

acrylic before the whole head was penetrated and embedded. Be that as it 

may, this may have dislodged the film nearer to the back of the back 

chamber. The precise aperture θi differs from 23° (included angle 45°) along 

the side to 10° (included edge 20°) when looking forward and to the 

contralateral side. 

Fig.2 (A) Thermogram of an Ord's kangaroo rodent Dipodomys ordii take in 

a lab walled in area set at 15°C, scaled to potray a 80° field of view with the 

creature 25 cm far off. (B– D) The consequences of convoluting that picture 

with circular spread functions with the showed half-angles θi. (E) The same 

creature imaged at 30°C. Both A and E utilize the same color representation of 

temperature and are set apart with the full array of temperatures noticeable in 

each. (F– H) The consequences of convoluting that picture. The color steps in 

B– D and F– H show temperature differentiations of 0.001°C. While spatial 

determination is good at 15°C for the speculative θi =5°(D), contrast is just 

0.003°C and the kangaroo rodent is basically imperceptible at 30°C (H). 

Temperature differentiate is to some degree more noteworthy for θi=10° and 

20°, 0.006°C in the 15°C cabinet, and 0.002– 0.003°C in the 30°C cabinet. 

   Fig. 3 Thermal images of South American rattlers held at various 

dampness levels, showing distinctive degrees of respiratory cooling (dark 

arrows in a and b). a) Snake at low dampness (40– 45 % RH) with broad 

respiratory cooling (dark region demonstrates the whole platform including 

the pit organs of the snake as cooler than the body surface); b) a snake at 

high humidity (90– 95 % RH with negligible respiratory cooling and about 

uniform surface temperature all through the body; c) a snake at low 

moistness, where it has been presented to a short draft of warm air which 

warms those parts of the skin with low warm inactivity and all the more 

unmistakably features the particular locales of serious respiratory cooling 

around the nares (white arrows), upper aviation routes, and pit organs (dark 

arrow); d) a snake at low humidity with blocked pit organs. In d), the pit 

organs are obstructed with a triangular bit of aluminum foil followed with 

dental amalgam to the outside of the pit organ, along these lines mostly 

reflecting mouse surface temperature. 
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           Appendix B:  

  

      Data on CFD Investigation  

 

     Table B.1: CFD analysis of radiative heat transfer 

 
             Table B.2: Effect of pit size on temperature  

  
Table B.3: Differential temperature examining rate of change  

Ambient  

Conditions 

Rate of change of 

temperature (K/s) 

Normal 0.08 

Low -0.015 

High 0.4 

  



47  

  

  

Table B.4: Varying distances and angle elevation outcomes 

   

Table B.5: CFD analysis of radiative heat transfer vs no radiation results 

  

  


