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Termisk komfort i cockpit: En pilots upplevelse

Sammanfattning 

Saab gör stora satsningar för att säkerställa att cockpiten är en god arbetsplats för piloten. 

Den här rapporten syftar till att öka kunskapen om termisk komfort genom att kombinera 

Saabs atmosfärs-, kabin-, och pilotmodeller. För att kunna verifiera att den kombinerade 

modellen beskriver verkligheten genomfördes en kvalitativ studie med testpiloter. Intervjuerna 

reducerades till ett par flyg-scenarier, som sedan testades i den kombinerade modellen. Detta 

för att kunna verifiera att de upplevda obekvämligheterna kunde förutspås. Den 

kombinerade modellen utökades med en prediktion av bekvämligheten enligt Europeisk 

standard. Ur intervjuerna kunde situationer identifieras då piloterna känner termiskt obehag. Av 

dessa situationer är två flygfall och ett markfall, där piloten befinner sig utanför cockpit. 

Modellen simulerar hur piloten påverkas av den termiska miljön i kabin, på grund av detta 

kunde inte markfallet analyseras. Modellsimuleringen resulterade i figurer som visar 

temperaturen i kroppsdelar som piloterna har uttryck känns obehagliga. Predicted Mean Vote, 

PMV, förutspår komfort på en 6-gradig skala givet omgivningsparametrar så som tryck och 

temperatur. Predicted Percentage Dissatisfied, PPD, beskriver hur stor andel, i procent, som 

upplever obehag vid ett givet PMV. Dessa mått på komfort användes för att beräkna komforten 

i de olika kroppsdelarna. Modellsimuleringen av pilotkomforten stämmer överens med det 

piloterna nämnde till viss del. I vissa kroppsdelar stämmer det inte överens. Då modellen 

inte tar hänsyn till fuktighet vid beräkning av kroppstemperaturer kan detta vara en 

anledning till varför den inte stämmer helt. Fuktigheten påverkar PMV och PPD 

beräkningarna och i fall 2 visar det sig att PPD ökar med en ökad fuktighet. Slutligen, 

behöver modellens ses över, och detaljgraden ökas, för att den här rapportens metoder 

skall vara användbara vid tillverkningen av flygplan. 

Censurerad version: Den här rapporten är skriven i samarbete med Saab. Därav är vissa delar 

av rapporten censurerade. 





The thermal comfort of the cockpit: A pilot’s 
experience

Abstract 

Saab takes great measures to ensure that the cockpit is a great working environment for the pilot. 

This paper aims to expand the knowledge of thermal comfort by assembling Saab’s atmosphere-, 

cabin and pilot-models. In order to ensure the viability of the assembled model, a 

qualitative study was performed with test pilots. The interviews were reduced to a few flight 

cases, which were tested in the assembled model to verify that the thermal discomforts 

that the pilots experience could be accurately predicted. Furthermore, a prediction of 

comfort, according to European standards, was implemented. From the interviews 

situations when the pilot feel discomfort could be identified, two flight cases situations 

and one ground case. The model simulate how the thermal environment affect the pilot, 

hence only the two flight cases could be analyzed. The result from the model shows the 

temperature in those body parts that the pilots have expressed are uncomfortable. Predicted 

Mean Vote, PMV, predicts comfort on a 6-degree scale, given environment parameters such as 

pressure and temperature. The Predicted Percentage Dissatisfied, PPD, describes the number of 

people, in percent, who are uncomfortable at a given PMV. These measures of comfort were 

used to compute the comfort in the different parts of the body. The model simulation agrees 

with the pilot’s experiences in some of the body parts, but not all of them. By taking the 

humidity into account the simulation result may be more accurate. The humidity increases the 

PPD value in case 2 when the humidity increases. Finally, in order to adopt the comfort analysis 

presented in this paper, the model had to be revised, and updated with increased detail. 

Censored version: This thesis is written in cooperation with Saab. Thus, some parts of 

this report are censored. 
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NOMENCLATURE 

Notations 

Symbol Description 

𝐴𝑜𝑟𝑖𝑓𝑖𝑐𝑒 Air condition orifice area (m2)

𝐹𝑝−𝑛 The angle factor between a person and surface n (-) 

𝑓𝑐𝑙 Clothing surface area factor (-) 

ℎ𝑐 Convective heat transfer coefficient (𝑊/(m2 ∙ K))

𝐼𝑐𝑙 Clothing insulation (m2 ∙ K/W)

M Metabolic rate (W/m2)

𝑚𝑐𝑎𝑏 Mass flow into the cabin (g/s)  

𝑚𝑡𝑜𝑡 Total mass flow in the cabin (g/s) 

𝑃𝑎 Water vapour partial pressure (Pa) 

𝑃𝑎𝑚𝑎𝑏𝑖𝑒𝑛𝑡 Ambient pressure (Pa) 

𝑃𝑟 Prandtl number 

R Gas constant (J/(mol ∙ K)) 

𝑇𝑛 The temperature of surface n (K) 

𝑡𝑎 Air temperature (℃) 

𝑡𝑎𝑚𝑏𝑖𝑒𝑛𝑡 Ambient temperature (𝐾) 

𝑡𝑐𝑙 Clothing surface temperature (℃)  

𝑡𝑖𝑛,𝑚𝑒𝑑 Mean temperature into the cabin (℃) 

𝑡�̅� Mean radiant temperature (℃) 

𝑡𝑠𝑡𝑎𝑔 Stagnation temperature (𝐾) 

𝑣𝑎𝑟 Relative air velocity (m/s) 

𝑣𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 Aircraft velocity (Mach) 

𝑣𝑝𝑖𝑙𝑜𝑡 Pilot velocity (m/s) 

W Effective mechanical power (W/m2)

∆𝑡𝑎,𝑣 Vertical air temperature difference between head and feet (℃) 

𝛾 Ratio of specific heat (-) 

𝜌𝑎𝑖𝑟 Air density (kg/m3)

𝜌𝑎𝑚𝑏𝑖𝑒𝑛𝑡 Ambient air density (kg/m3)



Abbreviations 

APU Auxiliary Power Unit 

PEPSI Pilot Environmental and Physiological Simulator 

PMV Predicted Mean Vote 

PPD Predicted Percentage Dissatisfied 
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1. INTRODUCTION
The pilot comfort has been improved since humans started building aircraft and is still 

improving today. Thermal comfort is one of many comfort types that are improving. Thermal 

discomfort comes with several physical and psychological risks, e.g. dehydration, fatigue and a 

decrease in ability to concentrate. This can result in a reduction of pilot ability to operate the 

aircraft and this can have devastating consequences.  

1.1 Background 

A fighter pilot endures different types of loads during flight and one of them is a thermal load. 

There are several models that describe the human thermoregulatory system in different 

environments. These models do not consider the pilot’s thermal comfort. Comfort is a broad and 

subjective topic. People have their own picture of what comfort is. Thermal comfort concerns the 

temperature, humidity and draft range, and a combination of these, in which a person feels 

comfortable.  

During the spring of 2015, a master thesis (Nilsson, 2015) was conducted with the aim to design 

a human thermoregulatory model of fighter pilots in different cockpit environments. The 

outcome of the thesis was the model ”Pilot Environmental and Physiological Simulator”, PEPSI. 

This model is based on the “The human thermoregulatory model” by Dusan Fiala (Fiala, Lomas, 

& Stohrer, 2001) and describes the heat exchange between the pilot and the cockpit, such as how 

the pilot temperature changes at different situations in cockpit. The model does also consider 

pilot garment, to simulate how the thermal capacity in the garment affect the pilot. The model is 

connected to an atmospheric and a cockpit model. These models simulate the different 

environments in cockpit.  

To be able to construct an aircraft that is thermally comfortable and to spare many hours of 

reconstructing systems to make the cockpit more comfortable for the pilot, PEPSI can be used. 

The aim with PEPSI is to simulate different environments that can occur in the cockpit and how 

these affect the pilots thermal comfort. This model has to agree with how the pilots describe the 

thermal environment in cockpit. By interviewing pilots, their experience can be catalogued. By 

collecting knowledge about the thermal problems that occurs in the cockpit, these can be 

considered before constructing the aircraft. By simulating the environments that can occur before 

constructing the aircraft, Saab will save resources such as work hours and money, and ultimately 

provide happier pilots and customers. 

In cooperation with the Royal Institute of Technology, researchers at the Department of Applied 

Thermodynamics & Fluid Dynamics at Linköpings University and Saab, research concerning 

pilot thermal comfort is investigated. The scope of the research is to investigate the thermal 

comfort of the fighter aircraft Gripen and to investigate if PEPSI agrees with the pilot’s 

experienced thermal environment in cockpit. 

1.2 Objectives 

The purpose of this master thesis is to investigate and catalogue pilots experienced thermal 

comfort in cockpit and compare the result with the thermal model.  

The purpose is also to replace the cabin model in PEPSI with a model provided by Saab. This 

model is developed to describe Gripen’s cabin in more detail than the PEPSI model does. A 
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comfort model will also be assembled with the main model to be able to understand how much 

the pilot is affected by the environment.  

 

1.3 Limitations 
 

This master thesis is limited to thermal comfort in the Saab 39 Gripen fighter jet. This is to keep 

the complexity to an appropriate level. The number of interviewed pilots is limited to nine, due 

to time constraints. The number of available pilots limits the interviews to a qualitative study.  

  



 3 

 

2. LITERATURE REVIEW 
2.1 Interview research 
 

In this master thesis, interviews with pilots were conducted. The purpose of conducting these 

interviews was to investigate the agreement between the combined models and the pilot’s 

experienced comfort. The agreement is of great importance when considering the 

implementation of the model in the development of new aircrafts. 

 

When using interviews as a data collecting method, asking the right questions are of importance. 

If not, the result of the interviews will be another than the intended, and the collected data cannot 

be used. To avoid that the “wrong” questions are asked and that the result of the interviews is the 

desired, a validated method is recommended. There are several ways to use interviews as a data 

collecting method and these will be discussed in this chapter.  

 

2.1.1 Ethics 
 

Ethics are of great importance when using interviews as a data collecting method. When a study 

focusing on medical conditions of people is to be conducted, the interview structure and 

conducting method have to be approved by an ethics committee. The reason for this is to 

guarantee that the interviewees are treated in an ethical way. In this study an application to the 

ethics committee is not required, due to the study investigate the pilot experience not the medical 

condition of the pilots.  

 

The interview must not affect the interviewee negative in any way and therefore it is of 

importance that everything is confidential. No-one should be able to identify an interviewee that 

has been participating in the study, and respect for what the interviewees says during the 

interview has to be shown. Some parts of the conversation may have to be left out when 

presenting the result. It is of importance to inform the interviewees of the study with a detailed 

description, see Appendix B. They are participating voluntarily and have to give their consent 

before the study starts. (Hedin & Martin, 1996; rev 2011) 

 

2.1.2 Qualitative study 

 

One way to investigate people’s experience and their views on different subjects and 

environments, are by performing a qualitative study. This study is typically conducted with a 

small group of people. Since a small group of people is used, the result cannot be used to 

generalise people’s beliefs or do a statistical presentation. The aim of this kind of study is to get 

a broad and particular description of the topic that is investigated. It can therefore be an idea to 

have a broad selection of people in the study, that is to say people that are different from each 

other. Another thing to think about is to find people that have experience in the field that is 

investigated. (Hedin & Martin, 1996; rev 2011) 

 

There are several ways to conduct a qualitative study. Two examples are, semi-structured 

interview and focus group. A semi-structured interview is when the interviewer interviews one 

person at the time and focus group is when the interviewer conducts the interviews in groups. A 

case study is a method that can be used when conducting a qualitative study. In a case study, 

methods are combined and can then describe an environment or people’s characteristics. 

Combined methods is a recommended approach to acquire a more broad view, this method is 



 4 

called Triangulation. (Hedin & Martin, 1996; rev 2011) As in all studies, the qualitative study 

has to have a minimum amount of participants to make the study representative. A qualitative 

study should have at least ten to fifteen participants to make it representative. When answers and 

answer patterns are the same in multiple interviews, the researcher has reached saturation and 

that means that the interview study is representative. (Ahrne & Svensson, 2012, s. 44) 

 

2.1.3 Quantitative study 
 

Some studies focus on describing a phenomenon in a statistical way, while others aim to 

generalise a phenomena. For scenarios as these, quantitative studies are a common method to 

use. When this type of study is conducted, mathematically based methods are used and 

numerical data are collected. This method is not used to study a phenomena in depth, thus it is 

used with a large number of data to describe the phenomena in a breadth way. If a study’s aim is 

to test a theory or a hypothesis, a quantitative method is used. (Sukamolson) 

  

2.1.4 Survey 

 

There are different ways to make a questionnaire to an interview; one of them is a survey. It is 

easy to think that a survey and a questionnaire is the same thing but a survey is the process and a 

questionnaire is the instrument used to conduct interviews and collect data. The survey process is 

to model a questionnaire to gather data and analyse that data. Mark Kasunic describes in 

“Designing an Effective Survey” a seven-stage process to model a survey. The stages are listed 

below. 

 

1. Identify the research objectives. 

2. Identify and characterize the target audience. 

3. Design the sampling plan. 

4. Design and write the questionnaire. 

5. Pilot test the questionnaire. 

6. Distribute the questionnaire. 

7. Analyse the results and write a report.  

 

An advantage with a survey is that the result can be used to generalise people’s beliefs and 

opinions on a subject or an environment. A disadvantage is that a survey only can be used to 

generalise. It is of importance to follow these guidelines; otherwise the result may not be the 

desired outcome. The data can be collected in two ways when using a survey 

 

1. Interviews 

2. Self-administered questionnaire.  

 

Mark Kasunic focuses on the latter in “Designing an Effective Survey”. Interview is the kind of 

survey where one is an interviewer and one is interviewed. The interviewer has prepared 

questions beforehand and records the answers during the interview. This method is time-

consuming and expensive. Self-administered questionnaire is the kind of questionnaire that is 

sent home by mail or performed online. (Kasunic, 2005) 

 

There are two types of interviews; interview and in-depth interview. When the interview is 

conducted, the interviewer asks the questions from the questionnaire and tries to make the 

interview as similar as possible for every person that is interviewed. This is to be able to 

compare the results. This is different from the in-depth interview, were the conversation flows 

more freely and the interviewer has a list of topics that is going to be discussed during the 

interview. (Kasunic, 2005) 
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There are some limitations with surveys; one of them is that it the data usually are superficial. 

Thus one cannot dig as deep into a subject or a problem as one may want to. Another limitation 

is that the person that is interviewed knows that the person is a subject of a study. A negative 

effect of that is that the person may answer differently than he/she would do if they did not 

know. (Kasunic, 2005) 

 

2.1.5 Questionnaires at Saab 
 

Saab has modelled a questionnaire to investigate the thermal problems in cockpit. To get an 

insight of what the pilot thinks of the cockpit comfort, the pilots have during or right after, a 

thermal comfort test answered the questionnaire.  

 

In the questionnaire, the pilots have ranked three categories; cockpit comfort, temperature and 

sweat on a numbered scale. The lowest represent; Very comfortable, Cold and Dry respectively 

and gradually change to its opposite; Unbearable, Hot and Soaking wet. (Järlestål, 2005)  

 

This questionnaire has multiple versions, some has only the scale mentioned above and some has 

also questions. Two questions that occur concern focusing ability and fatigue due to the 

temperature in cockpit. These questions are answered by using TLR (Test Level Rating). (Saab, 

2007). Another question that occurs is one the pilot can comment freely on, the question is about 

the pilot’s condition after a specific time of flying in WWC (World Wide Climate). (Karlström, 

2004). In another version of the questionnaire, the pilot’s rates the comfort in some specific body 

parts with a numbered scale that reminds of the scale mentioned above. This was conducted due 

too investigate the thermal comfort in local sections in cockpit. (SAAB, 2010). 

 

2.1.6 Conducting an interview 

 

There are different ways to conduct an interview and there are several interviewing techniques. 

Ahrne and Svensson write about how the interviewer should act and what to think about. They 

write that interviews are a way to collect knowledge about social relations, and that human 

emotion and experiences can be investigated using interviews as a data collecting method. 

(Ahrne & Svensson, 2012, s. 36)  

 

During the interview the interviewer should show that she/he is interested in what the 

interviewee has to say and her/his opinions. If the interviewer feels that the interviewee does not 

explain what she/he means in a detailed way, the interviewer may ask the same question again or 

reformulate the question in order to give the interviewee a chance to think and give another and 

hopefully a more detailed answer. If the answer to a question is long, then it is of great 

importance to verbally show that the interviewer is interested in what the interviewee says. This 

should be done several times if the answer is long. To make the interviewee elaborate more, one 

technique is to use the interviewees’ own words in supplementary questions. Another technique 

to make the interviewee talk more about a subject is to create associations with e.g. pictures. If 

the interviewer has a hard time understanding a concept, an interview technique is to ask how the 

concept is used, instead of asking the meaning of the concept. (Ahrne & Svensson, 2012, s. 47) 

 

2.2 Thermal comfort 
 

Humans have a subjective opinion on what thermal comfort is and what they think is thermally 

comfortable. This makes it difficult to satisfy everyone. Therefore, a standard with focus on 

thermal comfort has been developed to evaluate work environments. The standard is also 
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applicable for generalised indoor environments (ISO7730:2006). The thermal environment is 

composed of different parameters that can be changed to make a more comfortable thermal 

environment. Fanger lists six comfort parameters that are of importance when the thermal 

comfort is investigated (Fanger, 1973). 

 

 Air temperature 

 Mean radiant temperature 

 Relative air velocity 

 Vapour pressure in ambient air 

 Human activity level (internal heat production in the body) 

 Thermal resistance of clothing  

 

Epstein and Moran made a list on what parameter they think is of importance when determine 

the thermal comfort (Epstein & Moran, 2006) 

 

 Dry-bulb temperature 

 Black-globe temperature 

 Wind velocity 

 Wet-bulb temperature 

 Metabolic rate 

 Clothing insulation 

 Clothing moisture permeability 

 

The human body has a thermoregulatory aim to have a thermal balance in the body. The human 

body regulates the skin temperature by sweating (ISO7730:2006). The human body is sensitive 

to core temperature changes and has a narrow limit of ±1 °C around the normal body 

temperature to still be considered a normal temperature (Epstein & Moran, 2006). 

 

There are different ways to estimate and investigate the thermal comfort in different 

environments. There are several standards on how the comfort can be computed and studied. SS-

EN ISO 10551 concerns subjective judgment scales for different environments. This type of 

scale investigates how a person feel in the thermal environment in present time, by asking 

questions about how they feel and the interviewee answer with a value on the scale 

(ISO10551:1995). SS-EN ISO 28802:2012 investigates the thermal environment by combining 

measurements of the physical properties of the environment with subjective data from humans 

(ISO28802:2012). These standards do not focus on the thermal environment in the aircraft, as 

most standards concern the thermal comfort in an office space. There are also some indices that 

can be used to present how the thermal comfort is in an environment. Some of these methods 

will be presented in this section. 

 

2.2.1 Thermal comfort method 

 

The standard ISO 7730:2006 presents two methods that describes how the general thermal 

feeling can be foreseen and the degree of discomfort a human feel in a thermal environment. One 

of the methods is Predicted Mean Vote, PMV. This method predicts how humans experience 

thermal comfort. It can also be used to investigate if a thermal environment agrees with the 

existing comfort requirements. The second method mentioned is Predicted Percentage 

Dissatisfied, PPD. This method gives a quantitative prediction of how many, in percentage, that 

feels too cold or too warm and is thereby thermally dissatisfied. The standard also concerns local 

thermal discomfort, Percentage Dissatisfied, PD. This function describes how many, in percent, 
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that is dissatisfied with the thermal situation; as a function of the vertical difference in air 

temperature between the head and ankle. (ISO7730:2006) 

 

2.2.2 Pilot comfort testing 
 

To investigate whether the pilots experience any discomfort and what kind of problems they 

experience in the cockpit, some tests have been conducted at Saab AB. Some tests have also 

been conducted to investigate how some comfort problems can be solved.   

 

These tests have been conducted for different flight cases in WWC environment, i.e. warm and 

humid environment, to be able to identify when the thermal discomfort occurs and how this can 

be improved. The thermal comfort has been investigated by measuring the temperature at 

different locations in the cockpit and cataloguing how the temperature varies. During these tests 

the pilot has been answering a questionnaire, see section 2.1.5. (Roughton, 2007). To investigate 

how local warm spots in cockpit are affected by the cold air ventilation, a test was conducted 

where the mass flow from the cold air ventilation were increased (Almkvist, 2008). 

 

2.3 Thermal cockpit model 
 

Saab has developed a thermal cockpit model which describes how the mean temperature in the 

cockpit varies and how the ventilating garment affect the temperature under a certain time 

period, for different flight cases. This model does not consider how the human body generates 

heat, due to for example metabolism and blood temperature and this is one of the reasons why 

the PEPSI model was modelled.  
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3. MATERIALS AND METHODS 

In this chapter, the chosen method and working process is described. For the interview part of 

this master thesis the qualitative method was chosen. The data was collected through interviews 

and the participants were Gripen fighter pilots. The interviews concerned the thermal comfort in 

the cabin and therefore experienced fighter pilots were desired. A qualitative study was selected, 

since there are not a great number of experienced Gripen fighter pilots, and that the researcher 

was not able to interview all of them, due to time constraints. This report does not desire to 

generalise opinions on thermal comfort. The aim of this study was to see if pilot’s opinions agree 

with the model outcome for the different flight cases. And to determine whether the model could 

be used in future aircraft development.  

3.1 Model and conducting an interview 
 

The interview guide will be written beforehand and a test interview will be conducted to see if 

the outcome of the interview is as expected. It is also of interest to see how the interviewee 

interprets the questions, and evaluate whether this is the way that the interviewer intended the 

questions to be interpreted. (Hedin & Martin, 1996; rev 2011) This section will describe the 

working process of how the interview questions were designed and how the interviews were 

conducted.  

 

3.1.1 Model interview questions 

 

There are different approaches to how the interview questions and structure can be designed. A 

“Good to know”-list were created and used as a guideline, see below. 

  

 Break down the main question into sub questions. 

 Create questions that make a smooth transition between the subjects.  

 Think about how the questions will be interpreted and if the answer is the desired one. 

 Try to visualise how the interviewee could interpret the question.  

 Avoid standard questions, i.e. questions that the interviewee may answer automatically. 

 Do not ask questions that lead the interviewee to an answer. (Larsson, 2011) 

 Ask only one question at a time. 

 Ask the interviewee questions that are as open as it can be. 

 Detailed questions should be avoided. (Hedin & Martin, 1996; rev 2011) 

 Start the interview broad with neutral questions and gradually go deeper and ask more 

difficult questions.  

 End the interview with a neutral and open atmosphere, by asking, “Do you have anything 

else you want to tell me about?” (Eklund, 2012)  

 

There are different ways to formulate a question. Hedin and Martin lists several ways; contrast 

questions, personal expert questions, metaphors and small examples (Hedin & Martin, 1996; rev 

2011). It is of importance that the right question is asked to get the desired outcome. The listed 

ways were an inspiration on how the questions in this thesis were formulated (Eriksson & 

Wärdig, 2011) and (Akter & Nyberg, 2010).  

 



 9 

To create a list with questions in a structured way, a main question was formulated, “How is the 

thermal comfort in the cabin?” This question were created to formulate the interview questions, 

by asking questions so the main question get answered. The main question were formulated to be 

broad and were divided into six different subsections; about the pilot, comfort in Gripen, comfort 

at different climates, comfort at different flight cases, equipment and the aircraft´s climate 

systems, physical and psychological impact, that will be answered. The interview questions were 

formulated to answer these six different subsections, see Appendix A, and were inspired from 

different reports and standards in the field. 

 

The questions were read and analysed several times during the designing process, to make sure 

that the appropriate questions are asked. It was an iterative process; the questions were read 

through, analysed – how are the questions interpreted?, and the questions were rewritten, until 

the questions resulted in appropriate answers.   

 

A test interview with a pilot was conducted, to evaluate how the questions were interpreted and 

if the desired outcome were achieved. But also to get some feedback from the pilot regarding the 

questions, if some questions were inappropriate or if something had to be formulated in another 

way. After the interview, the questions were analysed and modified and some of them were 

removed. The interviews were recorded so that an analysis of the interviewer’s interviewing 

technique could be made. This allowed for improvements of the later interviews. 

 

3.1.2 Conducting interviews 

 

Before the interviews were conducted, an information letter was sent out to the interested pilots. 

This letter contained a more descriptive text on the aim of the project and their ethical rights, see 

Appendix B. A guideline on how the information letter should be written was used (Hedin & 

Martin, 1996; rev 2011) 

 

 Who am I?  

 The aim with the interviews. 

 The result will be confidential. 

 The study is voluntarily and the participant can withdraw their participation without any 

closer explanation. 

 Contact information to the researcher.  

 How the result will be presented and used.  

For structure and selection of words were “SPUTNIK - En kvantitativ studie om anhörigas 

uppfattning av verksamheten Sputnik” (Akter & Nyberg, 2010) used as an inspiration.  This 

information letter was sent to several pilots and nine of them accepted. 

 

When conducting the interviews there is a lot that has to be considered, for example the ethics 

aspects. Hedin and Martin lists some tips in “En liten lathund om kvalitativ metod med tonvikt på 

intervju”; conduct only one interview per day to be able to reflect and transcribe the information 

collected, think of how the place where you will conduct the interview looks like, think about 

how you dress, be personal but not intimate, inform the person that is going to be interviewed the 

aim of the study and how it is going to be conducted, during the interview be observant on how 

the person phrase and the interviewees gestures. One other thing to remember is the time; one 

should have a great respect for the person that is interviewed and their time. The final advice is 

to send a summary of the interview to the person that has been interviewed. In this way the 

interviewed person can read and correct if necessary. (Hedin & Martin, 1996; rev 2011) These 

advices were used during the study.  
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The recorded interviews were transcribed on a computer and to be able to describe the situations, 

pauses, laughter and coughs were included in the transcripts. These were written as 

abbreviations;  

 

Table 1: Abbreviations used in the transcription of the interviews.  

Situations Abbreviations Description 

Pause (00:00) Time in seconds 

Short pause (KP) Pause duration, 1-2 seconds 

Laughter (S) All kinds of laughter 

Coughs/clear one’s throat (H)  

Excited/Glad (E)  

Noise when one thinks (TL)  

Exhalation (U)  

Description on how the 

person move and acts 

*…..* For example, point at 

something. 

Accent a word Capital letters  

 

 

3.1.3 Analyse interviews 

 

Analysing the data collected through interviews is time-consuming. The first step is to transcribe 

the interview on a computer. When the interviews have been transcribed, it is time to analyse the 

collected information. Here, Hedin and Martin’s approach to conduct the analysis will be used 

(Hedin & Martin, 1996; rev 2011). 

 

 Step 1: Find keywords in the text to get an overview of what the text concerns.  

 Step 2: Find themes and put the keywords in categories. 

 Step 3: Sort the categories into subcategories. 

 Step 4: Find patterns, can different themes be connected to each other? (Hedin & Martin, 

1996; rev 2011) 

 Step 5: Design a flight case that can be tested using the proposed model. 

 

3.2 Comparing models and interviews 
 

In order to compare the model with the results from the interviews, the results had to be 

converted to some measurable quantity. Interesting flight cases corresponding to scenarios where 

the pilots felt uncomfortable were extracted. Using these flight cases, the temperatures in 

different parts of the body were computed using the model. These temperatures were then used 

to pinpoint the body parts where the pilot might experience discomfort. Finally, the list of body 

parts with potential discomforts was compared to the pilot’s interviews to decide how well the 

model predicts thermal discomfort. 

 

3.3 Assembling models 
 

To be able to assemble PEPSIs atmospheric and pilot model with Saabs already existing cabin 

model, the interface between the different models (pilot, cabin and atmosphere) were 

investigated. Due to the fact that the cabin model will be replaced by Saab’s cabin model the 

interface had to be investigated carefully. This was investigated by writing a schematic as in 

Figure 1.  
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Figure 1: The interface between the different submodels, before changes. 

 

The solid lines shows the existing connection and the dotted lines illustrates connections that 

might be needed to compute the pilot psychological model. Which parameters that were sent 

between the models were also investigated. An illustration of how the connections between the 

models will look like after they have been assembled can be seen in Figure 2.  

 

Figure 2: The interface between the different submodels, after changes. 
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To be able to know what the atmospheric-model should send to Saabs cabin model and to 

confirm that all necessary data was sent, an investigation of Saab’s cabin model was carried out.  

 

Different models have different strengths and weaknesses, and also give different outputs. To 

make it easier to get the information one wants, the different models can be assembled and in 

that way depend on each other. The models were assembled using MATLAB’s SIMULINK 

toolbox. 

 

3.3.1 Flight envelope 
 

During a flight case, the pilot manoeuvres the aircraft in different altitudes and flight velocities. 

The air density, pressure and ambient temperature change with the altitude. Hence the cabin has 

to regulate these parameters to make the pilots comfort as good as possible. Figure 3 illustrates 

the flight envelope, where area A, B, C and D have different conditions for the air mass flow and 

temperature that flows into the cabin. These conditions were modelled and included in the main 

model. 

 

 

Figure 3: The flight envelope in this master thesis. Where the different areas represent different 

initial conditions to the cabin. 

 

Different assumptions had to be made in the area that is not in the flight envelope. An example 

of this is when the aircraft prepares for take-off. Then the thermoregulatory in the cabin 

generates a mass flow to cool different components. The assumptions of the mass flow and the 

average temperature is 

 

 
𝑚𝑡𝑜𝑡 =  {

𝑚𝑡𝑜𝑡     𝑓𝑜𝑟     𝑚𝑡𝑜𝑡 > 0 𝑔/𝑠
40 𝑔/𝑠  𝑓𝑜𝑟     𝑚𝑡𝑜𝑡 = 0 𝑔/𝑠

 
(3.1) 
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𝑡𝑖𝑛,𝑚𝑒𝑑 =  {

𝑡𝑖𝑛,𝑚𝑒𝑑     𝑓𝑜𝑟     𝑚𝑡𝑜𝑡 > 0 𝑔/𝑠

𝑡𝑎𝑚𝑏𝑖𝑒𝑛𝑡  𝑓𝑜𝑟     𝑚𝑡𝑜𝑡 = 0 𝑔/𝑠
 

(3.2) 

 

 

The atmosphere-model was already designed, but did not compute the stagnation temperature, 

which is compared to the ambient temperature. 

 

 
𝑡𝑠𝑡𝑎𝑔 =  𝑡𝑎𝑚𝑏𝑖𝑒𝑛𝑡 ∙ (1 + 𝑣𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡

2 ∙ 𝑃𝑟

1
3 ∙

(𝛾 − 1)

2
) 

(3.3) 

 

The density varies in the atmosphere with respect to the altitude and is computed by  

 
𝜌𝑎𝑚𝑏𝑖𝑒𝑛𝑡 =  

𝑃𝑎𝑚𝑏𝑖𝑒𝑛𝑡

(𝑅 ∙ 𝑡𝑎𝑚𝑏𝑖𝑒𝑛𝑡)
. 

 

(3.4) 

3.4 Psychological model 
 

The aim of this model is to assemble it with the large model (atmospheric, pilot and cabin) it will 

tell if the flight case or the aircraft construction will be comfortable or not.  

 

In the different flight cases climb and descent manoeuvres are present. During this manoeuvres 

some assumptions are made (ISO7730:2006).   

 

1. The pilot feel the operative temperature step-change immediately. 

2. The pilot feels the effect of the new thermal environment after the step-change 

immediately. 

3. The pilot sits perfectly still. 

4. The airflow from the air conditioner into the cabin, continuous to flow straight without 

any diffusion.  

 

3.4.1 PMV and PPD 

 

The PMV and PPD were chosen as the method to compute the thermal comfort in the cabin. A 

human’s experience of the comfort, PMV, can be computed from (ISO7730:2006) 

 

 𝑃𝑀𝑉 = [0.303 ∙ exp(−0.036 ∙ 𝑀) + 0.028] ∙ {(𝑀 − 𝑊) − 3.05 ∙ 10−3 ∙

⌊5 733 − 6.99 ∙ (𝑀 − 𝑊) − 𝑃𝑎⌋ − 0.42 ∙ [(𝑀 − 𝑊) − 58.15] − 17 ∙ 10−5 ∙ 𝑀 ∙

(5 867 − 𝑃𝑎) − 0.0014 ∙ 𝑀 ∙ (34 − 𝑡𝑎) − 3.96 ∙ 10−8 ∙ 𝑓𝑐𝑙 ∙ [(𝑡𝑐𝑙 + 273)4 −

(𝑡�̅� + 273)4] − 𝑓𝑐𝑙 ∙ ℎ𝑐 ∙ (𝑡𝑐𝑙 − 𝑡𝑎)}. 

 

 

(3.5) 

 

Where the clothing surface temperature, 𝑡𝑐𝑙, the convective heat transfer coefficient, ℎ𝑐, and 

clothing surface area factor, 𝑓𝑐𝑙, are computed from (ISO7730:2006) as 

 

 𝑡𝑐𝑙 = 35.7 − 0.028 ∙ (𝑀 − 𝑊) − 𝐼𝑐𝑙

∙ {3.96 ∙ 10−8 ∙ 𝑓𝑐𝑙 ∙ [(𝑡𝑐𝑙 + 273)4 − (𝑡�̅� + 273)4] + 𝑓𝑐𝑙 ∙ ℎ𝑐 ∙ (𝑡𝑐𝑙

− 𝑡𝑎)} 

 

(3.6) 
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ℎ𝑐 = {

2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0,25    𝑓𝑜𝑟    2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0,25 > 12,1 ∙ √𝑣𝑎𝑟

12.1 ∙ √𝑣𝑎𝑟                   𝑓𝑜𝑟    2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0,25 < 12,1 ∙ √𝑣𝑎𝑟

 

 

(3.7) 

 

 
𝑓𝑐𝑙 =  {

1.00 + 1.290𝑙𝑐𝑙     𝑓𝑜𝑟     𝑙𝑐𝑙 ≤ 0.078 𝑚2 ∙ 𝐾/𝑊

1.05 + 0.645𝑙𝑐𝑙     𝑓𝑜𝑟     𝑙𝑐𝑙 > 0.078 𝑚2 ∙ 𝐾/𝑊
. 

 

(3.8) 

 

The input parameter, mean radiant temperature, 𝑡�̅�, in PMV, has to be computed. The best way to 

determine this quantity is to measure the temperature in different directions of a person 

according to (ISO7726) and (ASHRAE) as 

 

 𝑡�̅� = 𝑇1
4𝐹𝑝−1 + 𝑇2

4𝐹𝑝−2 + ⋯ + 𝑇𝑛
4𝐹𝑝−𝑛. (3.9) 

 

Where the temperatures 𝑇𝑛
4 are the temperature on surface n and 𝐹𝑝−𝑛 are the angle factor 

between a person and surface n. Such measurements have not been conducted for the flight cases 

this model concerns.  However according to ISO 7730:2006 (E) the method of computing the 

PMV have an error less then 0.1 PMV provided that “the difference between air and mean 

radiant temperature is less than 5 oC”. Thus, the mean radiant temperature is set to the cabin 

temperature due to the lack of established values for this parameter.  

 

There are several ways to estimate the relative air velocity, in ISO 7730:2006 a method is 

suggested to estimate the velocity. However, this method is not applicable in this case. Therefore 

the relative air velocity in the cabin is computed by (Karlsson, 2012) 

 

  𝑣𝑎𝑟 =
𝑚𝐶𝑎𝑏

𝜌𝑎𝑖𝑟∙𝐴𝑜𝑟𝑖𝑓𝑖𝑐𝑒
−  𝑣𝑝𝑖𝑙𝑜𝑡 (3.10) 

 

Due to assumption three, the pilot velocity, 𝑣𝑝𝑖𝑙𝑜𝑡, equals zero. This gives that the relative air 

velocity is equal to the air conditioner velocity into the cabin. 

 

The result of PMV will be compared with a thermal sensation scale. This scale will describe how 

the pilot feels in the thermal environment, see Table 2. 

Table 2: The sensation scale of what the pilot is predicted to feel. 

 

 

 

Standard ISO 7730:2006 recommends to only use this index for PMV between +2 and -2. Also 

intervals for the input parameters to PMV should be used, see Appendix D (ISO7730:2006). 

+3 Hot 

+2 Warm 

+1 Slightly warm 

0 Neutral 

-1 Slightly cool 

-2 Cool 

-3 Cold 
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To predict how many people, in percent, that will experience the thermal environment as too 

cold or too warm the PPD is computed from (ISO7730:2006) as 

 

 𝑃𝑃𝐷 = 100 − 95 ∙ exp (−0.03353 ∙ 𝑃𝑀𝑉2). (3.11) 
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4. RESULTS  
 

4.1 Results from interviews 
 

The pilots were interviewed concerning the thermal comfort in Gripen. To be able to analyse 

their opinions, they had to answer the question ‘what is thermal comfort to you?’. The general 

answer were; temperature, heat, cold, and the temperature in their work environment. Draught, 

mass flows, humidity and how these parameters affect the human body were mentioned.  

 

“An environment where I don´t think about the ambient temperature”  

 

Thermal comfort is when you have an even, comfortable and stable temperature. 

 

“The body’s temperature is ‘lagom’*, you don´t freeze or sweat” 

 

The pilots had the same opinions about the thermal comfort in the Gripen cabin. The thermal 

comfort in the cabin is in general very good. The climate system delivers a constant and desired 

temperature. The pilots are in general very satisfied with the system. But there are some areas of 

the envelope where the comfort has its deficiencies. The pilots voted on, in which state of the 

flight case they experience discomfort, the result can be found in Figure 4. 

 

 

 

Figure 4: At what state in the flight case the pilots experience discomfort. 

 

 

One flight case mentioned by the pilots was, high altitude, during long duration flight and low 

ambient temperature. During this case the aircraft walls are very cool and the pilots’ hands and 

feet feels cold.  

                                                 
* ‘Lagom’ is a subjective measure common use in Swedish society. Some say that this word only exists in Swedish; 

the closest translation would be ’just enough’. 
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“I thought that during long duration flights, you get humid and don´t feel fresh. If you could feel 

fresh in a fighter jet” 

 

They mentioned that the left hand feels especially cold, since the wall radiates chilliness and the 

throttle is located close to the left wall. The aircraft has difficulties compensating for the 

temperature difference in this case. Another flight case mentioned was at low altitude, high 

velocity and high ambient temperature. The problem with this case is that the cabin gets really 

hot and the walls radiate heat into the cabin due to friction heat on the aircraft surface. In this 

situation and in warm climate zones, the pilot would like an additional level on the cold side of 

the air condition regulator. At these hot climates the environmental system does not priorities the 

pilot comfort, but rather the avionics. During this situation the pilot feel discomfort, especially if 

the pilot wears the isolation suit.  

 

“You can endure loads and stresses in a short duration of time and the comfort is better than at 

long duration flights.” 

 

Furthermore, the pilots experience discomfort during manoeuvring flight, when the pilots 

experience high g-forces and the muscles in the body have to work hard and the sweat pours. 

During this study the author had the opportunity to experience g-forces up to 3g. Already at 3g 

the author felt warm. This was a step in understanding of the thermal comfort and how g-forces 

can affect the comfort. Generally, the pilots do not feel that the thermal comfort causes any 

major reduction of the g-tolerance. However, if they get very cold or warm, or lost some water, it 

can affect the tolerance, thus they can feel more tired than usual.  

 

In Sweden we have distinct seasons that may affect the thermal comfort in the cabin. After 

interviewing the pilots, it was clear that they feel uncomfortable during specific seasons. The 

pilots ranked the different types of environments from 1 to 4, where 1 is ‘not so uncomfortable’ 

and 4 is ‘very uncomfortable’. A summation of the ranking points where made and the result is 

shown in Figure 5. 

 

 

Figure 5: The total score of the discomfort ranking. 
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During winter season they experience that flying on high altitude increases the discomfort. This 

case is uncomfortable all year round, but increases during winter. Something positive about 

winter is that the pilot feels that it is easier to control the thermal environment by layered 

clothing: 

 

“You are never ‘lagom’ dressed” 

 

During the winter, the aircraft gets cold and that can be uncomfortable at first, before the heating 

starts. Autumn was also mentioned, due to the humidity and rain. Spring and summer were 

mentioned several times. The problem during these seasons is the travel to and from the aircraft. 

They especially mentioned when it is hot outside but the water temperature is below twelve 

degrees Celsius. During this time, the pilot need to wear the isolation suit for safety reasons. The 

sweat is pouring, the dehydration starts and the underclothing gets humid. The pilot jumps into 

the cabin and the air conditioning starts. At first they feel cool and comfortable, but after a while 

the underclothing starts to feel cold and wet, now they starts to feel discomfort. In general, the 

pilot thinks that the environmental system has a hard time to deliver a comfortable environment 

in the extremes. 

 

The majority of the pilots think that Gripen’s thermal comfort is better than the previous aircrafts 

they have flown, see Figure 6. 

 

 

Figure 6: Gripen’s thermal comfort in comparison with other aircrafts, the pilots votes. 

 

The pilots compared the Gripen’s environmental system with e.g. Viggen, Draken, SK60 and 

some other aircrafts. The pilots thought that the aircrafts were not as good as Gripen due to their 

older technology, lower airflows and a much slower temperature regulation:  

 

“Nothing happens, nothing happens, then you adjust the temperature regulatory a little bit more 

and then, the system delivers a temperature that is to hot or to cold.” 

 

Gripen’s thermal environment is easy and quick to regulate, but one have to adjust sometimes 

due to the aircraft moves around in atmosphere.  
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“It’s a fighter jet. I don’t expect it to be like in an office.” 

 

Some pilots think that the flight suits in Viggen were better. The g-suit were layered under the 

isolation suit and this contributed to a more airy clothing and was able to ventilate the lower 

region of the body, which is harder in the Gripen concept. Some also mentioned that other flight 

suits fit more snugly compared to the Gripen flight suit. The pilots experienced that the other 

aircrafts were not able to decrease the cabin temperature, as much they would like during flight. 

Viggen were better in two aspects. It had more powerful defroster functionality and the cabin 

was larger. The positive thing about a bigger cabin is that the body were further away from the 

walls. Viggens environmental system had a hard time to heat the cabin, whilst Gripens 

environmental system has difficulties to cool the cabin. The problem concerning Gripens 

environmental system was also mentioned regarding foreign aircrafts. Overall the pilots think 

that the cabin environment is very good. The thermal regulatory in SK60 were not that good, it 

deliver a very hot or very cold environment:  

 

“One regulate to get some heat, after a while you get a snowball in the neck.” 

 

The pilots think that the thermal environment in 39 D front seat is the same as in 39 C. But the 

back seat is colder in 39 D, but it is not that big of a difference. The big difference is the airflow 

in the back seat, which flows straight into the pilots face if one vizier is down. The pilots have a 

trick to prevent this; they put the vizier cover under the vizier that is folded-up.  

 

“Often the back seat pilot has to ask the front seat pilot to increase the temperature.” 

 

If it is too warm in the front seat, it is even warmer in the back seat. The pilots were asked if they 

would like an automatic environment regulatory, they had different opinion about this topic, 

33 % of the pilots would like an automatic system. Some of them also mentioned that they would 

like the system to be as the air conditioner in a car.  

 

The equipment, e.g. avionics in the cabin does not affect the thermal comfort in the cabin. The 

pilots agree that the radiation from the cabin wall, the throttle and the flight suit contributes to 

the thermal discomfort.  

 

“How do I dress for an emergency and at the same time for the work situation in the cabin?” 

 

During winter, the isolation suit has a positive contribution to the thermal comfort, since the suit 

keeps the pilot warm. In summer, the pilot gets warm and risk dehydration. The boots contribute 

to the thermal comfort in a negative way. They have a high shaft and no air circulation; hence the 

pilot gets rashes on their calves. Due to the buttons on instrument panel are small and the winter 

gloves are thick, the pilot use the summer gloves that are thin but cold. The pilots were asked in 

which body parts they feel warm and cold when they wear an isolation suit. A graphic 

representation of the frequency in which certain body part were mentioned as uncomfortably 

cold or warm, are presented in Figure 7 and Figure 8. Here the body is divided in to parts 

according to PEPSI (Nilsson, 2015).  

 



 20 

 

Figure 7: In which body parts the pilots feel cold when wearing an isolation suit, in low ambient 

temperatures. 

 

 

Figure 8: In which body parts the pilots feel warm when wearing an isolation suit, in high 

ambient temperatures. 
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The interviewed pilots fly all over the world in their job and spend time abroad. Therefore it was 

of interest to see if the thermal comfort in Gripen changes after acclimatisation. Some pilots 

think that they do not acclimate, since they spend most of the time in air-conditioned 

environments. Other pilots manage to acclimate in just few days. But the change of habits, e.g. 

drinking more water, is of importance to be able to fly the aircraft with a good performance 

capacity. The pilots do not feel any change in the cabin thermal comfort. It is more about the 

travel to and from the aircraft that is obtrusive and affects the performance capacity. The 

clothing is also of importance when the pilots are abroad, due to the risk of dehydration in warm 

climates. They also mentioned that extreme environments cannot be acclimatised away; in this 

cases they have to adopt the inhabitants habits and ways of thinking. After a while they learn 

how to move in order to reduce the environmental stresses. The pilot does not feel any change in 

the cabin thermal environment, but what about the foreign pilots? The pilots do not experience 

any divergence in their opinions about the thermal comfort. Except for one, but the pilot draws 

the conclusion that it was due to other aspects such as contract, payments and requirements. But 

they have received opinions on the flight suit. The foreigners think the suit is too chunky and the 

green colour absorbs heat.   

 

During flight the pilot lose some water, which can lead to dehydration. Even if this could 

happen, the pilot does not drink any water during short duration flight. Some of them drink some 

during longer flights, but they rather not, since they will have to urinate, eventually. The pilots 

wear diapers during longer flights and this develops a discomfort. If they drink and do not 

urinate, it will result in a reduction of the focus ability and after a while even pain. The cold 

environment that occur during ferry flights, increase the need to urinate. The pilots think that 

drinking is not worth it; since it only increases the thermal comfort in a short period of time. 

Some pilots drink water to decrease the dehydration rate. Some of them do not feel the need to 

drink water, they mainly drink to prevent the thirst to develop.  

 

Lastly the pilot gave their best tips on how they increase the thermal comfort. 

 

 Move your toes and hand to get them warmer. 

 Have the aircraft hood open until the APU starts. 

 Put on more clothes, but also reduce the number of layers if necessary.  

 Tell the front seat pilot to increase the heat.  

 Minimize the time you have your hand on the throttle. 

 Minimize the time to and from the aircraft in hot climates. Find some shadow and do the 

checks and controls on the aircraft fast. 

 Increase the cabin temperature to decrease the feeling that you have to urinate. 

 

From the interviews, three different cases when the pilots feel discomfort could be identified. 

 

1. High altitude, long duration and low ambient temperature will cause discomfort in hands, 

especially left hand, and feet. 

2. Low altitude, high aircraft velocity and high ambient temperature will cause discomfort 

in feet, claves, thighs, thorax, hands, chest and head. 

3. In hot climates on the ground, to and from the aircraft. 

 

4.2 Result from simulations 
For the two first discomfort cases mentioned in section 4.1, a simulation were made with the 

assembled model. The two cases were chosen to allow comparison of the results. The input 

parameters to the model for simulation are defined in Table 3.  
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Table 3: Input parameters to the model. 

Case Ground temperature 

(℃) 

Humidity (%) 

1a -25 0 

1b -25 60 

2a 35 0 

2b 35 60 

 

The flight envelope, the atmospheric parameters and the cabin environment for case 1a and 1b 

are represented in Figure 9. 

 

 

Figure 9: The flight envelope, atmospheric parameters and the cabin environment for case 1a 

and 1b. 

 

In Figure 10, Figure 11, Figure 12 and Figure 13 the temperature of the body parts is presented 

with the PMV and PPD values for respectively body part to show if it is comfortable. Recall that 

the PMV is the predicted comfort, and PPD is the predicted percentage of a population that finds 

the PMV uncomfortable. If no values for PMV and PPD are drawn, some of the input values 

exceed the proposed limit by the standard, see Appendix D. 
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Figure 10: The temperature in the head, neck and chest are shown, with the corresponding PMV 

and PPD values, for case 1a.

 

Figure 11: The temperature in the thorax, left and right thigh are shown, with the corresponding 

PMV and PPD values, for case 1a. 
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Figure 12: The temperature in the right and left hand are shown, with the corresponding PMV 

and PPD values, for case 1a. 

 

Figure 13: The temperature in the right and left calf, and foot are shown, with the corresponding 

PMV and PPD values, for case 1b. 
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The result from the body temperature and PMV, PPD simulation of case 1b is presented in 

Figure 14, Figure 16Figure 15, Figure 16 and Figure 17. 

 

Figure 14: The temperature in the head, neck and chest are shown, with the corresponding PMV 

and PPD values, for case 1b.

 

Figure 15: The temperature in the thorax, left and right thighs are shown, with the 

corresponding PMV and PPD values, for case 1b. 
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Figure 16: The temperature in the right and left hand are shown, with the corresponding PMV 

and PPD values, for case 1b. 

 

Figure 17: The temperature in the right and left calf and foot are shown, with the corresponding 

PMV and PPD values, for case 1b. 

 



 27 

The flight envelope, the atmospheric parameters and the cabin environment for case 2a and 2b 

are represented in Figure 18. 

 

Figure 18: The flight envelope, atmospheric parameters and the cabin environment for case 2a 

and 2b. 

 

The result from the body temperature and PMV, PPD simulation of case 2a is presented in 

Figure 19, Figure 20, Figure 21 and Figure 22. 
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Figure 19: The temperature in the head, neck and chest are shown, with the corresponding PMV 

and PPD values, for case 2a. 

 

Figure 20: The temperature in the thorax, left and right thigh are shown, with the corresponding 

PMV and PPD values, for case 2a. 
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Figure 21: The temperature in the right and left hand are shown, with the corresponding PMV 

and PPD values, for case 2a. 

 

Figure 22: The temperature in the left and right calf and foot are shown, with the corresponding 

PMV and PPD values, for case 2a. 
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The result from the body temperature and PMV, PPD simulation of case 2b is presented in 

Figure 23, Figure 24, Figure 25 and Figure 26. 

 

 

Figure 23: The temperature in the head, neck and chest are shown, with the corresponding PMV 

and PPD values, for case 2b. 

 

Figure 24: The temperature in the thorax, right and left thigh are shown, with the corresponding 

PMV and PPD values, for case 2b. 
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Figure 25: The temperature in the right and left hand are shown, with the corresponding PMV 

and PPD values, for case 2b.

 

Figure 26: The temperature in the right and left calf and foot are shown, with the corresponding 

PMV and PPD values, for case 2b. 
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5. DISCUSSION AND CONCLUSIONS 
 

5.1 Discussion 
The pilots understood the cause of this project, and support a better comfort in their working 

environment. Measures were taken to reduce the risk of pilots influencing each other. This was 

done mainly by selecting pilots from two independent, and unrelated, groups, without knowledge 

of each other. The answers from the two independent groups correlated very well, I would argue 

that the interviewed pilots gave truthful answers, and that they are believable. The interviews 

were analyzed to find flight cases that could be simulated and compared with the model. 

Therefore can some important information about the thermal comfort been overseen. To make it 

easier to compare the model and the interviews, a more detailed interview or data collecting 

about this three flight cases can be executed. If numeric data could be collected I would make the 

simulation more accurate. 

The PMV and PPD model, which sets values on the experienced thermal comfort, is developed 

to evaluate an office environment. There is not much research about the comfort in a fighter jet, 

especially thermal comfort. Since the PMV and PPD model has several restrictions on the input 

parameters, such as metabolic rate; the comfort of an entire flight case could not be presented. It 

would be of interest to investigate how the mean radiant temperature affect the outcome of PMV, 

by varying the parameter e.g -5 oC, 0 oC and 5 oC. PMV depends on the clothing insulation, 𝐼𝑐𝑙, a 

list of these insulations can be found in Appendix C. The assumption concerning the mean 

radiant temperature can create an error in the PMV and PPD computations. In order to get a 

more accurate value on this temperature, measurements may be performed.   

The cabin conditions do not consider that the pilot may want to adjust the temperature regulatory 

to make it more comfortable. This may affect the result of how comfortable the environment 

really is, due to the assumption that the pilot leaves the air-condition system at a constant setting.  

The model was used to simulate two cases with two humidity situations respectively. This was 

done to investigate whether the humidity affects the body temperature and the experienced 

thermal comfort. The temperature does not change with the change of humidity. However, it 

changes the result of the PMV and PPD values. PPD values in case 2 increased with increasing 

the humidity. 

In case 1a and 1b the pilots mentioned that they feel discomfort in their hands and feet. In Figure 

12 and Figure 16 one can see that values for PMV and PPD are not drawn. This illustrates that 

the values exceeds the comfort scale and verifies the statements that the pilots gave. If we look at 

Figure 13 and Figure 17 we see the same phenomena, which further verifies their statements. 

The pilots did also mention that the left hand gets colder than the right hand. Figure 12 and 

Figure 16 shows a different result, both hands have the same temperature. This is due to the fact 

that the model assumes the pilot to be sitting perfectly still and with equal distance to each side. 

To achieve a more accurate result, the radiations from the walls and the position of the hands 

should be considered.  

In case 2a and 2b, the pilots mentioned that they experience discomfort in feet, claves, thighs, 

thorax, hands, chest and head. If we look at Figure 19 and Figure 23 we see that the PMV takes 

values on the upper part of the scale, which shows that these body parts gets warm and even hot 

in some interval. In Figure 22 and Figure 26 it is shown that the calves and feet gets very 

uncomfortable. Figure 20 and Figure 24 shows that the body parts get warm or slightly warm. 

These results verify the pilot’s statements. In Figure 21 and Figure 25 it is shown that the hand 

comfort exceeds the PMV scale, which is not the same as the pilots mentioned. 
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The model simulations agree with the pilots experience in some of the situations. While other 

simulations do not agree with their experience at all. This divergence can come from the fact that 

the pilot model does not consider humidity in the computations. If the humidity factor were 

included in the model, a more accurate result could be provided. Furthermore, the level of detail 

in the model could be improved, for example the flight suit could be modelled in more detail. 

 

5.2 Conclusions 
The interview answers are reliable, due to the good correlation between the independent groups. 

The thermal comfort model, PMV and PPD, need to be reviewed and the mean radiant 

temperature needs to be measured to make the model more accurate. Some adjustments on the 

cabin condition model are necessary; for example a more accurate model on how the air 

conditioner works has to be developed. The humidity increases the PPD value in case 2 when the 

humidity increases. The simulation agrees with the pilots’ experiences in some of the body parts, 

but not all of them. By taking the humidity into account, the simulation result may be more 

accurate. Finally, the greatest improvement will come from increasing the detail in the model, for 

example position of hands, movement of the pilot and the layered clothing. 
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6. FUTURE WORK 
 

This is only an initial study on the viability of the assembled model. To expand it further, and 

maybe provide more accurate result, the following points could be considered: 

 

1. Further considerations of the boundary conditions 

 Test more flight cases, including cases that should be comfortable. 

 Elaborate on parameters such as: 

o Pressure, temperature and humidity with altitude 

o Sun radiation and position 

o Pressure, temperature and humidity with horizontal distance 

o Varying heat loads e.g. sensors 

 

2. Further considerations of the model 

 Considering different types of flight suits. 

 Create a more detailed table of the insulation in the flight suit, where the different fabrics 

are considered. 

 Create a model for the thermal comfort on the ground and when traveling to and from the 

airplane.  

 Expanding the model for two-seated aircrafts. 

 Add computations of the radiation from the walls in the cabin. 

 Consider position of the pilot’s hands in cockpit. 

 Consider the movement of the pilot in cockpit. 

 

3. Gathering more data from pilots 

 Screen the interviews more carefully. 

 Interview pilots operating in other countries. 

 Investigate how many pilots that uses AVG. 

 

4. Expanding the model 

 It is of interest to implement this kind of study in special mission aircrafts, to investigate 

the thermal comfort of the operating crew. 

 Expand the model to investigate the thermal comfort in helicopters. 
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APPENDIX A: INTERVIEW GUIDE 
 

1. Bakgrundsinformation 

1.1  Om piloten 

a) Namn 

b) Titel 

c) Utbildning/Karriärväg 

d) Födelseår 

e) Var är du född och uppväxt? 

 

1.2  Flygerfarenhet 

a) Vilka flygplan har Du flugit?  

b) Vilken typ av flygplan flyger Du mest? 

c) Var i världen har Du flugit? Karta i Bilaga 1 

d) Hur många flygtimmar har Du? 

 

2. Komfort i flygplanet 
2.1  Komfort 

a) Vad är termisk komfort för dig? 

b) Hur uppfattar Du Gripens/SK60s termiska cockpit komfort? 

c) När upplever Du att termiskt obehag uppstår i cockpit? 

d) I jämförelse med de andra flygplanen Du har flugit, hur är den termiska komforten i 

Gripen/SK60? 

 Bättre  Samma  Sämre 

e) Vilket flygplan jämförde Du med? 

f) Vad var bättre/sämre med den termiska komforten i flygplanet i jämförelse med 

Gripen/SK60? 

g) Hur är den termiska komforten i 39D/SK60 när Du flyger med dubbelkommando? 

h) Hur skiljer sig den termiska komforten bak och fram i 39D/SK60 dubbelsitsig? 

 

2.2  Klimatsystemet 

a) För det flygplan Du flyger mest, tycker Du att flygplanets klimatsystem levererar 

tillräcklig för att uppnå termisk komfort?  

b) Hur bra tycker Du att du kan ställa in/bestämma cockpitens klimat så att Du känner 

termisk komfort? 

c) Skulle Du föredra ett automatiserat klimatsystem eller ett system där Du kan ställa in ditt 

klimat manuellt? 
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3. Olika klimatförhållanden 
3.1  Klimat 

a) Under vilka klimat upplever Du oftast termiskt obehag/komfort? Rangordna dessa i 1-4, 

där 1 = lite obehagligt och 4 = väldigt obehagligt.  
 

 Varmt och torrt          Kallt och torrt  Varmt och fuktigt           Kallt och fuktigt 
 

b) Under vilka årstider upplever Du termiskt obehag? 

 

3.2  Acklimatisering 

a) Hur lång tid tar det för Dig att acklimatisera Dig (i landet personen har varit i, t.ex. 

Sydafrika)?  

b) Hur förändras den upplevda termiska komforten efter att Du har acklimatiserat Dig? 

c) Upplever Du att Dina kollegor från ett varmare klimat t.ex. Brasilien eller Sydafrika 

upplever den termiska komforten annorlunda i jämförelse med Dig? 

 

4. Olika flygfall 
4.1  Flygfall 

a) Hur upplever Du den termiska komforten vid korta (1 h) respektive långa (>3 h) 

flygningar? 

b) Under vilken del av flygningen upplever Du oftast termiskt obehag?  

Vid/under 

 Stillastående   Taxi        Start        Flygning        Landning 

 

c) Under vilka manövrar upplever Du termiskt obehag? 

d) Hur påverkar den termiska komforten Din förmåga att klara av höga G-krafter?  

e) Hur påverkas den termiska komforten på grund av flyghöjden? 

f) Hur påverkas den termiska komforten på grund av hastigheten? 

 

4.2 Dryck under flygning 

a) Hur mycket dricker Du under korta (1h) och långa (>3h) flygningar?  

b) På vilket sätt förändras den termiska komforten när Du har druckit under flygningen? 

c) Hur förändras dryckens temperatur under flygningen? 

 Temperaturen ökar  Håller samma temperatur  Temperaturen minskar       Vet ej 

d) Hur påverkar dryckens temperaturförändring Din termiska komfort? 

 

5. Utrustning 
5.1  Utrustning och temperaturdifferenser 

a) Upplever du att utrustningen i cockpit ger upphov till termiskt obehag? 

b) Upplever Du lokala temperaturdifferenser inuti cockpit? 

c) Hur påverkar dessa temperaturdifferenser till termiskt obehag? 

 

a) 5.2  Dräkt 

a) Med vilka dräkter har du flugit? 

Gripen 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt 
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SK60 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt 

Export konfiguration 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt Pilotdräkt med ventilerad väst 

 

b) Hur upplever Du att Dina kläder bidrar till den termiska komforten? 

c) Vilken av dräkterna hanterar svett bättre 

Gripen 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt 

SK60 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt 

Export konfiguration 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt Pilotdräkt med ventilerad väst 

 

Sämre 

Gripen 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt 

SK60 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt 

Export konfiguration 

 Pilotdräkt med isolerdräkt  Pilotdräkt utan isolerdräkt Pilotdräkt med ventilerad väst 

 

d) När skapar svett termiskt obehag? 

e) När Du svettas, i vilken/vilka kroppsdelar känner Du termiskt obehag? 

 

6. Fysisk och psykisk påverkan 
6.1  Termisk stress 

a) Hur ofta under de senaste 20 flygningarna blev Du påverkad av termisk relaterat stress? 

b) Hur mycket tycker Du att termisk stress påverkar Din förmåga att flyga flygplanet? På en 

skala 1-5, 1 = inte alls, 5 = väldigt mycket. 

 

c)  1  2  3  4  5 

 

6.2  Fysisk påverkan 

a) Vilka kroppsdelar känns mest varma/kalla i pilotdräkten med isolerdräkt? Gubbe i Bilaga 

2. 

b) Vilka biverkningar har Du upplevt på grund av den termiska miljön i cockpit? 

 

6.3  Följdfrågor 

a) Hur många gånger har Du upplevt utmattning efter en flygning på grund av den termiska 

miljön i cockpit? 

b) Hur upplever Du att den termiska miljön i cockpit har påverkat Din 

koncentrationsförmåga efter en flygning? 
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7. Avslutande frågor 
a) Har Du några trick som Du gör för att förbättra Gripens/SK60s termiska cockpit 

komfort? 

b) Finns det något mer som Du vill berätta om? 

 

 

 

 

__________________________   __________________________ 

Intervjuare, För- och efternamn   Ort och datum 
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Bilaga 1 – Karta 

Figur 1: Världskarta till för att piloten ska kunna peka ut var hon/han har flugit. (Roke) 
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Bilaga 2 – Illustrationsgubbe 
2.1 Varmt 

 
Figur 2: Illustrationsgubbe till för att piloten ska kunna peka ut var hon/han upplever termiska 

besvär vid hög temperatur.   
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Bilaga 2 – Illustrationsgubbe 
2.2 Kallt

 
Figur 3: Illustrationsgubbe till för att piloten ska kunna peka ut var hon/han upplever termiska 

besvär vid låg temperatur. 

 

Referenser 
Roke. (n.d.). Own work, CC BY-SA 3.0. Retrieved September 15, 2016, from 

https://commons.wikimedia.org/w/index.php?curid=31996181 
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APPENDIX B: INFORMATION LETTER 
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APPENDIX C: CLOTHING INSULATION 
Bodypart Garment Thermal insulation, 𝑰𝒄𝒍𝒖 

[𝒎𝟐𝑲/𝑾] 

Head Helmet 0.00885 

Neck Jacket 0.062 

Thorax Underclothing (Normal, 

long sleeves) 

Flight suit (Boiler suit) 

Jacket 

AVG (Jacket) 

0.039 

 

0.140 

0.062 

0.062 

Abdomen Underclothing (Normal, 

long sleeves) 

Flight suit (Boiler suit) 

Jacket 

0.039 

 

0.140 

0.062 

Arms Underclothing (Normal, 

long sleeves) 

Flight suit (Boiler suit) 

Jacket 

0.039 

 

0.140 

0.062 

Hands Gloves 0.008 

Thighs Underpants with long 

sleeves 

Flight suit (Boiler suit) 

Anti-G suit (Trousers) 

LVG (Trousers) 

0.016 

0.140 

0.054 

0.054 

Calves Underpants with long 

sleeves 

Flight suit (Boiler suit) 

Socks 

Anti-G suit (Trousers) 

LVG (Trousers) 

0.016 

0.140 

0.016 

0.054 

0.054 

Feet Socks 

Boots 

0.016 

0.016 

 



 xi 

 

APPENDIX D: PARAMETER INTERVAL FOR PMV 
Parameter Min value Max value 

M 46 𝑊/𝑚2 232 𝑊/𝑚2 

𝐼𝑐𝑙 0 𝑚2𝐾/𝑊  (0 clo) 0.310 𝑚2𝐾/𝑊  (2 clo) 

𝑡𝑎 10 °C 30 °C 

𝑡�̅� 10 °C 40 °C 

𝑣𝑎𝑟 0 m/s 1 m/s 

𝑃𝑎 0 Pa 2 700 Pa 
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