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Abstract
Comfort of an overnight stay out of doors depends on several factors.
Laboratory and field measurements and a simple calculation model were used to form a model for choosing overnight equipment in different environmental conditions. The calculation model is based on combining the micro- and macro-models so that the macro-model is used to calculate thermal conditions inside the shelter using energy balance equations. Then the lowest rest temperature inside the sleeping bag with the clothing used is calculated using the micro-model.
The overnight equipment model takes into account the ambient temperature, wind, shelter and the need for heating as well as the overnight equipment;  sleeping bag, camping mattress and clothing. Laboratory measurements with tent and lean-to shelter were conducted in temperatures of 0, -15 and –20 °C with wind speeds 0,3…10 m/s. Sleeping bags used were either 1- or 2-layer bags, with the camp mat underneath. Soldiers were simulated by use of thermal manikin or 40W heater. Field measurements using tents were conducted in ambient temperatures around –13 °C with 11 men sleeping in either a cold or heated tent. An unheated two-layer tent enables staying overnight in conditions even 20 °C higher than the ambient temperature depending on the wind. Wind can decrease the thermal insulation of overnight equipment by even 50 % and overnight temperatures by 5…25 °C. Damp clothing and an old sleeping bag require 10…20 °C and resting without a camping mattress 5…10 °C higher overnight temperatures. Using a 2-layer sleeping bag, normal clothing, foamed plastic camping mattress and tent thermal balance can be reached in ambient temperatures of –25 °C, but sleep may be disturbed by cooling of extremities. In windy conditions the need for heating is considerably smaller with a 2-layer tent than a 1-layer one. In the conditions studied the heating need of a tent was 0,1…0,3 kW/°C. In the future overnight shelters for individual soldiers, 2-layer tents, protection of the extremities, durability and drying of overnight equipment, increasing thermal insulation of the camping mattress and ways of heating a tent need to be developed.
1.0
Introduction
The basis of a soldier's performance is a sufficient rest. The thermoneutral ambient temperature for an unclothed human is about 29 (C [1]. The quality of sleep suffers in too low or high ambient temperatures, decreasing the performance also when being awake [2]. Awakening during the night is common especially in the cold [2,3]. Sleeping is difficult, when the mean skin temperature drops below 30,5 °C or core temperature below 35,5 °C or the temperature of the air surrounding the skin drops below 26 °C [4]. When sleeping in a sleeping bag outside or in a tent there are lots of factors disturbing sleep as well as thermal comfort: formation of cold pockets at the edges of the sleeping bag due to the shape and size of the sleeping bag, overheating of the feet due to asymmetrical heat radiation and heat loss from the head-shoulder region as well as discomfort caused by hard or uneven ground [5]. When sleeping and resting out of doors the equipment given has a great influence on the amount and quality of rest. The resting and sleeping equipment consists of a sleeping bag, camping mat, tent, clothing used, possible heater and extra heat sources. 

The tent-portable stove combination provides the basis for the soldiers' rest period. Acceptable rest during this time is a significant factor concerning the performance of the soldier. The main factors in assessing the quality of a tent are the thermal comfort of the sleeper and the thermal conditions of the tent. Also the heat economy of the tent, it's IR-visibility and air quality inside the tent are quality aspects. Also the ventilation and way of drying clothes affect heat economy and ventilation of a tent [6]. 
2.0
material and methods

The areas covered by the first part of this research included the range of use, effect of moisture and change in the sleeping bag properties due to use and maintenance. A total of 18 sleeping bags and 4 different types of camping mat were tested.

The methods used were:

· Thermal insulation of the sleeping bag, thermal mannequin (DIN 7943-2).

· The effect of use and maintenance on thermal insulation and moisture transfer, sweating guarded hot plate (EN 31092, SFS 5681).

· The required thermal insulation of a sleeping bag for different conditions can be calculated with several different equations. Established equations were:

· Thermal neutral state: Ta(min) = 32- 5,4 * I

· Thermal insulation enabling 6h rest: Ta(min) = 32 - 6,7 * I.

The aim of the second part relating to tent study was to compare different tent structures and the effect of these on the thermal conditions and heat economy of the tent. Five different tent structures were concluded in the research (table 1). The tents were pitched in a laboratory, the temperature of which was kept below zero and constant throughout all the tests. Liquefied petroleum gas was used as the fuel for the portable stove. The fuel mass flow rate was kept constant by reading the scales at one-minute intervals and calculating the consumption. The tracer gas (N2O) was hand fed into the tent and mixed well and the concentration was measured with a gas analyser (Brüel & Kjaer 1303) at six different measuring points (decay method). Local thermal conditions were measured with a black globe, temperature probes shielded from radiation (datalogger and YSI 409 A) and a flow analyser (DANTEC 54N10 multichannel flow analyser and 54B10 low velocity transducer). The results presented are an average of the 20-minute surveillance period. The surveillance period was chosen so that the conditions had stabilised.
Table 1. Characteristics of the studied tents.
	tent 

type
	upper opening

(ventilation)
	                      outer tent

      side wall                     roof
	                    inner tent

    side wall                    roof

	tent A
	open
	cotton 470 g/m2
	cotton 470 g/m2
	
	

	tent B
	open or closed
	cotton 470 g/m2
	cotton 470 g/m2
	
	cotton 470 g/m2

	tent C
	open
	cotton 470 g/m2
	cotton 470 g/m2
	cotton 470 g/m2
	cotton 470 g/m2

	tent D
	open
	coated polyester
	cotton 470 g/m2
	
	cotton 470 g/m2

	tent E
	open or closed
	coated polyester
	
	
	silver-plated

fibreglass


3.0
Results
The thermal insulation values of the tested sleeping bags are presented in table 2. The values have been measured as the combined thermal insulation values of the used clothing and sleeping bag. The thermal mannequin was wearing log underwear, a pile middle layer, socks and woollen socks. 

Table 2. Thermal insulation of sleeping bags by thermal mannequin measurements ( DIN 9743).

Ta = -10C, v=0.3 m/s. Solid surface of 12 mm plywood and camping mat of 10 mm cellular rubber. 
	sleeping bag
	Weight

(g)
	Iclo 

 (clo)
	Tamin

(°C)
	Tamin (6h)

(°C)

	inner bag 1
	2330
	7.94
	-11
	- 21

	outer bag 1
	1200
	5.42
	+3
	- 4

	combination 1
	3530
	10.00
	-22
	-35

	inner bag 2
	2090
	7.43
	-8
	-18

	outer bag 2
	1030
	5.71
	+1
	- 6

	combination 2
	3120
	9.28
	-18
	- 30

	inner bag 3
	2040
	6.57
	-3
	-12

	outer bag 3
	1510
	6.29
	-2
	-10

	combination 3
	3550
	8.94
	-16
	- 28

	inner bag 4
	2420
	6.40
	-3
	- 11

	outer bag 4
	1190
	4.96
	+5
	-1

	combination 4
	3610
	7.96
	-11
	-21

	inner bag 5
	1960
	7.08
	-6
	- 15

	outer bag 5
	1090
	5.12
	+4
	- 2

	combination 5
	3050
	8.83
	-16
	- 27

	bag 6 
	1600
	7.18
	-7
	- 16

	bag 7
	1130
	6.07
	-1
	- 9

	bag 8
	3620
	8.14
	-12
	- 23

	bag 9
	2830
	8.20
	-12
	- 23


All new prototypes had a thin liner inside the single layer inner bag. 

Table 3. Thermal insulation of a sleeping bag by thermal mannequin measurements ( DIN 9743).  Ta = -10C, v=0.3 m/s. Solid surface of 12 mm plywood.

	sleeping surface
	Iclo

(clo)
	Tamin

(°C)
	Tamin (6h)

(°C)

	 wooden surface
	5.93
	± 0
	-8

	 10 mm cellular rubber
	6.57
	-3
	-12

	 camping mat with skirt
	6.75
	-5
	-13

	 air filled mat
	7.32
	-8
	-17

	 membrane-cover + air filled mat
	8.31
	-13
	-24

	
	
	
	


The thermal insulation of sleeping bags is often estimated on the basis of their (filling) weight. Figure 1 shows the relationships of the thermal insulation compared to weight of sleeping bags. 
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Figure 1. Measured thermal insulation values compared to their weight. S = inner bag, U = outer bag and Y = combination. The Norwegian sleeping bags were measured with an unclothed mannequin (A). Conditions Ta = -10C, v=0.3 m/s. Solid surface of 12 mm plywood and camping mat of 10mm cellular rubber.

Feedback from the field test was that all sleeping bags should have better flame retarding properties when used near open fire. All sleeping bags were slippery on the camping mat and two bags had problems with slipping between outer and inner bag. All sleeping bags were cramped. Drying of clothing was not a problem. All bags were too complicated. The hood style and 2-layer bag was considered as a good solution. None of the sleeping bags had moisture problems.

All the measured tents showed improved thermal conditions and heat economy compared to the traditional 1-layer tent structure (table 4). Compared to the traditional 1-layer tent the operative temperature around the sleepers head increased over 5 °C at its best, the infiltration of air increased by 10-25 % and the fuel consumption decreased by over 40 % with the use of 2-layer structures and facings. By using 2-layer structures and adjusting the ventilation the rate of air infiltration can be reduced by 40-55 % compared to that of the 1-layer tent. Looking at the thermal conditions and heat economy the best solution would be tent type E. 

Laboratory and field measurements and a simple calculation model were used to form a model for choosing resting and sleeping equipment in different environmental conditions. The calculation model is based on combining the micro- and macro-models. The macro-model is used to calculate thermal conditions inside the shelter using energy balance equations. Then the lowest possible rest temperature inside the sleeping bag with the used clothing is calculated by using the micro-model. The resting and sleeping equipment model takes into account the ambient temperature, wind, shelter (tent, lean-to shelter) and the need for heating as well as sleeping bag, camping mat and clothing. Laboratory measurements were conducted in temperatures of 0...–20 °C with wind speeds 0…10 m/s. Field measurements using tents were conducted in ambient temperatures around –13 °C with 11 men sleeping in either a cold or heated tent. 

Table 4. Outdoor temperature tu, black globe temperature tb at the height of 0.1m and 1.1m at a distance of 1.4 m from the portable stove, air temperature ti at the height of 0.1m and 1.1m at a distance of 1.4 m from the portable stove, air change rate ntent (average of six points), air change rate n0,1m closed to the side wall at the height of 0.1m and mass flow rate qmpa of the liquefied petroleum gas.

	tent

type
	upper opening
	tu

(oC)
	tb,0,1m

(oC)
	ti,0,1m

(oC)
	tb,1,1m

(oC)
	ti,1,1m

(oC)
	n0,1m
1/h
	ntent
1/h
	qmpa
g/h,oC,m3

	tent A
	open
	-7
	3
	1
	5
	3
	11
	12
	3,1

	tent B
	open 
	-7
	7
	5
	10
	8
	8
	9
	2,1

	tent B
	closed
	-7
	18
	12
	21
	17
	7
	6
	1,6

	tent C
	open
	-6
	9
	6
	12
	7
	9
	11
	2,5

	tent D
	open
	-6
	9
	4
	12
	6
	9
	9
	2,5

	tent E
	open
	-5
	15
	8
	16
	11
	10
	9
	2,0

	tent E
	closed
	-5
	17
	10
	18
	13
	6
	6
	1,7


An unheated two-layer tent enables sleeping in conditions even 20 °C higher than the ambient temperature depending on the wind (Figure 2). 

Figure 2. A chart for choosing resting and sleeping equipment.

Wind can decrease the thermal insulation of resting and sleeping equipment by even 50 % and ambient temperatures by 5…25 °C (table 5). Damp clothing and an old sleeping bag require 10…20 °C and resting without a camping mat 5…10 °C higher ambient temperatures (table 1). Using a 2-layer sleeping bag, normal clothing, foamed plastic camping mat and tent thermal balance can be reached in ambient temperatures of –25°C, but sleep may be disturbed by cooling of extremities. 

Table 5. The effect of extra components to the thermal insulation of a sleeping bag.
	Component
	Effect

(%)
	Effect

(C

	Standard camping mat

Air filled camping mat
	+14

+23
	+5

+10

	Damp clothing
	-5…-10
	-5

	Thin liner

Weather protective bag
	+3

+15
	+1

+5

	Washing
	- 6… -11
	-5

	Mangling
	-10…-22
	- 10

	Tightness
	-10…-15
	-5


In windy conditions the need for heating is considerably smaller with a 2-layer tent than a 1-layer one. In the conditions studied the heating need of a tent was 0,1…0,3 kW/°C. In the future shelters for individual soldiers, 2-layer tents, protection of the extremities, durability and drying of resting and sleeping equipment, increasing thermal insulation of the camping mat and ways of heating a tent need to be developed.
3.0
Conclusions
Most important factors according to the research were sufficient thermal insulation and adjustment possibilities as well as big enough size of the sleeping bag. Also security aspects and moisture handling ability as well as washing durability are significant. Proposed target values are presented in table 6. Only two sleeping bags fulfilled all criteria.

Table 6. Target values for sleeping bag systems.

	property


	standard
	value
	reason / reference



	thermal insulation of basic sleeping bag
	DIN 7943-2


	1.085 m²K/W / 7.0 clo
	6h sleep possible at temperatures of -15 °C / Finnish military

	thermal insulation of sleeping bag combination
	DIN 7943-2


	1.318 m²K/W / 8.5 clo
	6h sleep possible at temperatures of -25 °C / Finnish military

	thermal insulation when damp 
	DIN 7943-2
	decrease of up to -20 % (1kg water)
	6h sleep possible at temperatures of -6 °C / 

Finnish military

	thermal insulation when compressed 
	EN 31092
	local decrease of sleeping bag + mat up to 50 %
	technically possible / 

Finnish military

	size of sleeping bag (inside measurements for mummybag)
	DIN 7943-1
	inside length 200 cm, 

inside width:

feet 55 cm

knees 72 cm

shoulders 86 cm
	fulfils DIN-standard requirements for size L (sleeper>175 cm)  /

Finnish military


Main observations of the testing period were that the sleeping bags were cramped at places and too short. This has a significant effect also on the thermal insulation. The significance of a hood and protective bag was found especially concerning protection against fire and moisture. The 2-layer sleeping bag was supported, as was the use of mummyliners although the liner must be properly fastened. Slipperiness of the sleeping bag is easily considered a problem. Also a weight limit should be considered (9 clo/3kg). The sleeping surface and camping mat can have a significant effect (up to 40 %) on the thermal insulation. Hence the all parts of sleeping system is important.

The lowest using temperature in which 6h sleep is possible can be lowered by 5 °C by using dry clothing [7]. When sleeping in cold conditions protection of feet becomes important, because decrease of skin temperatures in toes and feet most easily causes disturbance in sleep [8]. The head and neck areas should also be covered during sleep by use of head gear, hood or insulating collar. During long stays in the terrain clothing is often dried also in sleeping bags [9]. According to measurements moisture decreases the thermal insulation of a down filled sleeping bag by -35 % in temperatures below zero, the decrease being -10 % with sleeping bags with man-made fibres as filling [10].

The most important needs for development in the present sleeping bag are broadening the climatic utility range of the overnight gear, decreasing the weight, optimising the size and packing volume as well as the moisture transfer and drying properties of the materials. In order or increase the climatic utility range a combination of two sleeping bags could be introduced. For special troops a water- and windproof outer bag should be developed.
Significant improvements to the rest time of the soldier and the heat economy of the tent can be achieved by using 2-layer tent structures and facings. The solution of reflecting ceiling is the most promising development area. The significance of coated walls is emphasized in windy conditions and more research should be done in these conditions in the future. The thermal comfort and especially the heat economy of the tent can be effected by choice of ventilation system. Systems with low infiltration of air and appropriate ventilation are the basis for new, thermally comfortable and heat economical shelters for extreme conditions. 

The developed simple calculation model based on combining the micro- and macro-models were used to form a model for choosing overnight equipment in different environmental conditions, which takes into account the ambient temperature, wind, shelter  and the need for heating as well as the overnight equipment like sleeping bag, camping mattress and clothing. The macro-model is used to calculate thermal conditions inside the shelter using energy balance equations. Then the lowest rest temperature inside the sleeping bag with the clothing used is calculated using the micro-model. 

 An unheated two-layer tent enables staying overnight in conditions even 20 °C higher than the ambient temperature depending on the wind. Wind can decrease the thermal insulation of overnight equipment by even 50 % and overnight temperatures by 5…25 °C. Damp clothing and an old sleeping bag require 10…20 °C and resting without a camping mattress 5…10 °C higher overnight temperatures. 

Using a 2-layer sleeping bag, normal clothing, foamed plastic camping mattress and tent thermal balance can be reached in ambient temperatures of –25°C, but sleep may be disturbed by cooling of extremities. In windy conditions the need for heating is considerably smaller with a 2-layer tent than a 1-layer one. In the conditions studied the heating need of a tent was 0,1…0,3 kW/°C.

 In the future overnight shelters for individual soldiers, 2-layer tents, protection of the extremities, durability and drying of overnight equipment, increasing thermal insulation of the camping mattress and ways of heating a tent need to be developed.
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