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the  Research Paper s e r i e s  even though it has not f i r s t  been 
published elsewhere. 

The t r i a l s  were i n s t i t u t e d  by the  Directorate of Engineer 
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ARCTIC HUT 

HEATING AND VENTILATIOlJ TRIALS 

by 

A. D. Kent and A. G. Wilson 

I n  1950 the  Directorate o f  k g i n e e r  Development, 
Department o f  National Defence (Army) completed t h e  development 
o f  the  Mark 3 version of the  Prefabricated Arc-tic Hut, following 
which a prototype unde~vent  a  s e r i e s  of t r i a l s  t o  determine i t s  
general s u i t a b i l i t y  f o r  troop accornrnodation i n  t he  Arctic. These 
t r i a l s  included transpor-tation, assembly and disassembly, 
occupancy, s tmc%ure ,  mater ia ls ,  and heat ing and ven t i l a t i on ,  

The Division was privi leged t o  a s s i s t  t h e  Directorate 
i n  the planning, instminentation, supervision, and analys is  of 
records o f  t h e  heating and ven-tilation t r i a l s  which were conducted 
from October 1950 t o  April  1951 a t  Donjek River Camp, Yukon 
Te r r i t o r j .  

The purpose of the  heat ing and ven t i l a t i on  t r i a l s  was 
t o  t e s t  t he  occupied hut under f i e l d  operating conditions, and 
spec i f ica l ly  t o  determine the  following f o r  d i f f e r en t  degrees o f  
sever i ty  of-weather conditions and d i f f e r en t  methods of hut 
vent i la t ion.  

( a )  Comfor t  conditions of t h e  hut environment a s  
characterized by the  a i r  tenpera%ure , r e l a t i v e  
hcmidity, surface tempera-ture, a i r  veloci ty  and 
a i r  qual i ty .  

( b )  Heat inputs  and heat l o s se s  o f  t he  hut and 
i t s  contents. 

( c )  Performance and adequacy o f  the  heating and 
ven t i l a t i on  system. 

( d )  Probable influence of %he hut f l o o r  heat 
losses  on permafrost below the  hut .  

This paper gives a  general account o f  these  t r i a l s  and 
the  r e s u l t s  obtained. Item ( d )  w i l l  be t h e  subject  o f  a 
separate report .  



2. THE EREXTION SITE 

Donjek River Camp i s  a Royal Canadian Xngineersf road 
maintenance camp located on the  wooded southwest slope of a 
mountain overlooking the  Don jek River basin a t  Mile ll3O on the  
Northwest Higbivay System, 214 miles northwest o f  Whitehorse, 
Yukon Terri tory,  The hut- was erected a t  the  south end o f  the  
camp w i t h  northeast  - sou-bhrvest or'rentat.ion facing a large  
c lear ing t o  the southeast (Pig. 1)- The nearest  adjacent h u t  
was s i tuaixd 25 t o  30 f t  t o  the nori:h~vest; there  was 
v i r t u a l l y  no shading f r o m  the  sun by nearby t r ee s ,  

The ground a t  the  erect ion s i t e  of  -the hu t  consis-bed 
of  loose sandy s i l t  t o  a depth of approximately 6 i n , ,  w i t h  
permafrost below. There was no grass o r  other  gro'md cover 
below the  hu3. 

3, ARCTIC - HUT COlTSTRUCTION 

The a r c t i c  hut  (Mk. 3)  i s  a p re fab r i cakd  rec-bangular 
f l a t  r o o f  s t m c t ~ x e  consist ing of a bas ic  lmit 44 f t  long by 

- 

18 f t  wide and 8 f t  high t o  which a r e  appended -mo s t o r m  
porches, one a t  e i t h e r  end entrance. The hut i s  designed t o  
be erected direc-t ly on the ground w i t h  no f ixed fomda+' sons 
but uses bearing pads on the  underside of f l o o r  beams, shaped 
t o  s u i t  the  contours o f  the  ground. Vialls, roof,  and f l o o r  
of  the  strr~-ctuxe a r e  o f  prefabricated 2 1 j ~ ~ o o d  panel construction, 
supported by aluminna extrusion r o o f  gi rders  and f l o o r  beams, 
and fastened together  by spec ia l  connec%ors f o r  easy and rapid  
assembly, ' Panels cont-skiing xindovis a r e  in-be:cchangeable w i t h  
standard wall panels t o  give f l e x i b i l i t y  i n  a~mangeneat of 
natval 1-ighting, Non-loadbearing par-i-i-bion pa i~e l s  can be i n -  
corporated f o r  v e r s a t i l i t y  o f  in-kerior room layout ,  A spec i a l  
roof panel i s  designed t o  accoxmodete ' ~ 3 e  roof vent  o r  "jack", 
which provides an o ~ . t i e t  T o r  both the hea te r  f l u e  gases and 
ven t i l a t ion  a i l ,  this s2ecia l  panel being inixrchangeable vii-Lh 
any standard r o o f  panel, f o r  Plexibi l i - ty  i n  hea te r  locatioi?, 

Wall panels a r e  approximately 8 by 4 ft 5y 3-1/8 i n , ,  
consist ing o f  i n t e r i o r  and ex-Lerior shee3is of 1/4 i n ,  ex t e r io r  
grade plywood glued. and nai led  t o  a 2 5/8-in. v~ood frame*~fork, 
the  i n t e r i o r  sheet  having a pain-kd vapo7~r  b a r r i e r  on the  non- 
exposed face ,  Irzsula-ticn i n  t h e  panels i s  2 5/8-in. o f  g la s s  
w o o l e  The edges o f  ec?.ch pallel a r e  P i t t ed  w i t h  an al~?sni:~~m. spl ine  

spl ine  recess ,  each m i n g  -Yne f u l l  length o f  the panel,  the 
l a t t e r  f i t t e d  with a 1/4- ic ,  rubber s t r i p  bonded t o  the aluminum. 

The upper half  of each windova panel i s  framed t o  
accomrodate two ii~indo'~1: openlilgs . The lower opening con-Lains two 
f ixed wilidorr~s each 32 in ,  loag by 12 in ,  high, equipped wi th  
three  slieets of  c l e a r  ce l lu lose  ace ta te  p l a s t i c ,  and an ex te r io r  
s t o r m  sash w i t h  sheets  of v inyl  chloride ace-tate r e s in  
p l a s t i c .  The upper opening contains an openable v~indo~v, with 



two shee t s  of p l a s t i c  i n  a transom sash hinged a t  t h e  lufrer 
edge t o  open inwards, and an e x t e r i o r  removable storm sash wi th  
sing12 p l a s t i c  shee t .  The storrfi sash f o r  the  upper window 
contains  e i g h t  1- in .  diameter holes  with a wooden cover 
pivot ted a t  one end and equipped with a sp r ing  s t e e l  c losure,  

The f l o o r  panels a r e  approximately 9 by 4 f t  by 
3 3/8 i n .  and a r e  s i m i l a r  t o  t h e  wal l  panels  i n  general  
construc-Lion and i n s u l a t i o n  except t h a t  t h e  1/4 - in .  i n t e r i o r  
plywood face  i s  replaced by a 1/2-in. composite board cons i s t ing  
of 1/4-in. plyvood with 1/8-in,  hardboard faces  on e i t h e r  s i d e .  

Roof panels a r e  app-oxina ts ly  10 by 4 f t  by 3 3/16 in . ;  
t h e i r  general  cons t ruc t ion  i s  s i z i l a r  t o  t h a t  of t h e  vrall panels 
except t h a t  5/16-in. ply-~~ood i s  used i n  place of 1/4-in. on 
t h e  e x t e r i o r  face of the  panel,  Palen assembled, t h e  roof panels  
leave a 9-iu. overliang along tile s ides  of t h e  liut. 

DONJEK PROTOTYEE RUT 

Figure 2 i s  an  in te r io i -  view of t h e  bar rack  por t ion  of 
t h e  hut  during occupancy. Tne 3- by 3-in,  wooden pos ts  v i s i b l e  i n  
the  photograpli mere i n s t a l l e d  t o  serve a s  thermocouple supports.  
The i n t e r i o r  arrangement of t h e  prototype hut  e rec ted  a t  the  
Dorijelr s i t e  i s  sho~vn i n  Fig, 3 ,  It was divided i n t o  -two sec-tions. 
The l a r g e r  sec t ion ,  const i tu . t ing approximately t h r e  e - q u a d e r s  
of t h e  h u t ,  was arranged t o  accorn~~~odat-e twelve men; t h e  remainder 
served a s  an instl-unen-b room and s leeping  quar t e r s  f o r  the  
two lion-corninissioned o f f i c e r s  i n  charge of t h e  t r i a l s .  

Lavatory, shosirer and t o i l e t  f a c i l i t i e s  a long with 
laundry equipment were i n  a s p e c i a l  hu t  e lsevhere i n  t h e  camp, 
E l e c t r i c a l  pol/ye_r was supplied a t  50 cyc les ,  s ing le  phase, 
110 t o  220 v o l t s  by -tlie camp d iese l -d r iven  g e n e r a t o r .  

5. HEATING AND TJE2TTILATIOTT %WIR!IEN'P 

Heating was provided by a s i n g l e  o i l - f  i r e d  "pot-typef'  
space h e a t e r  with a domeskic c i r c u l a t o r  cabine-t loca ted  approxi- 
mately i n  tile cent re  of t h e  h u t ,  This was equipped wit'n a f u e l  
tank  of 5-gal (U,S, ) c a - x c i t y  and a f loa t - type  f u e l  r e g u l a t o r  
with an e i g h t  pos i t ion  Z ia l ,  The h e a t e r  was vented t o  a 6- in.  
f l u e  pTpe ter ininat ing in a t r a n s i t i o n  piece a t  the  7-ix1, 
opening of t h e  roof jack1'. An a u t o a a t i c  d r a f t  r e g u l a t o r  
was i n s t a l l e d  i n  the  f l u e  pipe. I~lanufacturer s spec i f  i ca t io i i s  
f o r  the  spacz h e a t e r  Nere a s  f o l l o v ~ s :  

Height t o  Centre 
of Vent Ou-iilet, i n .  

30 3/4 

Over-all  Size,  in .  Btu Outpu- 
per  hour  

55,000 

Fuel Burning r a t e ,  
quar ts  p e r  hour 

a t  lol,v 

1 / 7  

depth 

38 1/4 

height  

40 1/2 

rridth 

30 

a t  high 

2.2 

avg 

1.1 



Accessories t o  t h e  hea te r  were: an automatic feel con t ro l ,  
used. a s  an a l t e r n a t i v e  t o  manual operat ion of t h e  f u e l  
r egu la to r ,  whereby on heat demand of an e l e c t r i c  thermostat  
t h e  f u e l  valve i s  reposi t ioned by an e l e c t r i c  r e l a y  from a  
" p i l o t  flame" s e t t i n g  t o  t h e  s e t t i n g  previov-sly es tabl i shed  
manually on the  f u e l  r e t x l a t o r  d i a l ,  and on s a t i s f a c t i o n  
of the  t h e r ~ o s t a t  t h e  f u e l  valve r e v e r t s  t o  t h e  l o w  o r  p i l o t  
pos i t ion ;  and a  c i r c u l a t i n g  f a n ,  loca ted  vxder t h e  heat  
t r a n s f e r  sur faces  of t h e  hea-Ler, dr iven  by a  1/40-hp 110-volt  
60-cycle m o t o r  and having a  ra-bed capaci ty  of 18,000 cu f t  of 
warm a i r  per  hr, by which some of the  heated a i r  i s  dralm 
downward and discharged in'Go t h e  room hor izon ta l ly  through 
a  g r i l l e  a  few inches above f l o o r  l e v e l .  

Ventila-tion of t h e  hu t  was by liatu-ral f o r c e s  only,  
without the  use of f ans .  Tne main provis ion  f o r  a i r  exhaust 
was i n  t h e  s p e c i a l  metal roof "jack" (Pig .  4) containing an 
11 1/4-in. square opening, concentr ic  wi th  t h e  7- in.  f l u e  gas 
o u t l e t ,  which passed through t h e  roof and t e m i n a t e d  i n  a 
metal cowling f o r  pro tec t ion  aga ins t  p r e c i p i t a t i o n .  Por a i r  
supply a  4-in.  diameter hole  was provided i n  t h e  f l o o r  direc- t ly  
below t h e  hea ter .  Both o f  t hese  openings could be cl-osed Tram 
Qiside t h e  hut  by metal covers. For a d d i t i o n a l  o r  a l t e r n a t i v e  
v e n t i l a t i o n  t h e  openable por%ion 02 t h e  17,~indons could be used. 

6. IJETHODS OF TEST 

Tne t r i a l s  were pla-med t o  obta in  maximu-m information 
on tlie behaviour of tlie hut under a l l  weather condi3ions and 
with t h e  heat ing and vent i la t iom equipmen-i; operated i n  
d i f f e r e n t  ways, -that i s ,  usiilg var ious combinations of h e a t e r  
accessor ies  and v e n t i l a t i o n  openinzs. 

S i ~ c e  dry bulb -hemperatwe v?as tile m o s t  important 
element of t h e  weather, t h e  general  c l a s s i f i c a t i o n  of wea-ther 
s e v e r i t y  was made a s  fol lows:  

IJoderate weather - Approx. 10°F and above 

Modera-tely severe vieatlier - Approx. l o 0  t o  -203P 

Severe weather - Approx. -20°P and below 

The various combinations of v e n t i l a t i o n  openings 
used f o r  t h e  t r i a l s  were a s  fol loi~is :  

Condition Roof Ven-t Ploor Oi3ening Vind ows 

1 closed closed closed 
2  closed closed open 
3 open closed closed 
4 open open closed 
5 open closed open 
6  open o2en open 



Normal operation of t h e  heat ing  equipment was considered 
t o  be manual f u e l  cont ro l  with hea t  d i s t r i b u t i o n  by na tu r a l  
convection, s ince the  hu:t was in-Lended f o r  use i n  northern 
loca t ions  where e l e c t r i c  power might not  be ava i l ab le .  The 
use of t h e  e l e c t r i c  thermostat  f o r  f u e l  con t ro l  and the  h e a t e r  
c i r c u l a t i n g  f a n  was t o  be r e s t r i c t e d  t o  s pec i a l  . t r i a l s  
(d-esignated by su f f i xe s  T and I?) t o  be compared with the  
standard t r i a l s  having the  same v e n t i l a t i o n  arrangement. 

During t he  t r i a l s  t he  room thermostat  was used more 
extensively than o r i g ina l l y  planned t o  achieve c lo s e r  a i r  
temperature cont ro l  and more s t a b i l i z e d  t e s t  condit ions.  

To study t h e  crawl space t enpe ra tme  and i t s  
probable e f f e c t  on permafrost, a shor t  s e r i e s  of t r i a l s ,  
designated a s  s e r i e s  A ,  was run with t he  perimeter of t h e  
crawl space open; f o r  succeeding t r i a l s ,  s e r i e s  3, t h e  
perimeter was closed by banking-up of snow except f o r  a smal l  
hole  l e f t  i n  the  banking t o  admit f r e s h  a i r  f o r  condit ions 
4 and 6 tihen the  f l o o r  opening was i n  use.  The r e s u l t s  of t h e  
crawl space temperature measurements w i l l  be t h e  subjec t  of a 
separate  repor t .  

The t r i a l s  were scheduled t o  provide a s  near ly  a s  
prac t icable  a t  l e a s t  one t r i a l  under each of condit ions 1 t o  6 
under each of t h e  t h r e e  bas ic  weather classifica-Lions.  The 
schedule ca l l ed  f o r  two three-day - t r i a l s  and one n o n - t r i a l  day 
(Sunday) per  week, wi-t;li a dd i t i ona l  l ion- t r i a l  days a t  Christmas 
and New Yearfs .  During t he  t r i a l s ,  however, it w a s  found 
advisable t o  reduce t h e  dura t ion  of condit ion 1 t r i a l s  t o  t w o  
days each because of t h e  unpleasant a i r  coiidi-Lions r e s u l t i n g  
from reduced ve n t i l a t i on .  Each t r i a l  day was considered as 
beginning a t  0800 hr on t h e  da te  of %he t r i a l  and cont inuing 
u n t i l  t h e  following day a t  CBOO hr .  Over t he  161-day period 
from 25 October 1950 t o  3 Apr i l  1951 ,  t h e r e  were 6 t r i a l s  
wi-l-h t h e  crawl space banked and 38' t r i a l s  wit'n it ~xnbanked. 

During -the Ileati ng and ve l i t i l a t ion  t r i a l s  t he  fol lowing 
me-teorological records  were obtained us ing  standard weat'ner 
instrument s . 

O~xtside a i r  (dry bulb ) temperature 
01n"iside a i r  r e l a t i v e  i im id i t y  
Wind (speed) and d i r e c t i on  
Depth of snovv cover on roof 
General weather observations.  

The records f o r  t h e  dura t ion  of t h e  t r i a l s  a r e  s h o ~ m  i n  Pig. 5 ,  



( a )  Room A i r  Temperature and Relat ive Humidity a t  Control Point  

The temperature and r e l a t i v e  humidity of t h e  room a i r  
were continuously recorded a t  t h e  "cont ro l  point ' '  with a hygro- 
therrnograph, with check readings once a week by means of a 
s l i n g  psychrometer. The d a i l y  average a i r  temperature and r e l a t i v e  
humidity recorded a t  t h e  control point  a r e  sliown i n  Fig. 6. 

( b )  Room A i r  Temperature Dis t r ibu t ion  

To obtain t h e  a i r  terilperature dis t r ibu-t ioi i  t h o u g h o u t  
t h e  h u t ,  dry-bulb temperatures were recorded by means of 24-gauge 
copper-constantan thermocouples located a t  t h e  2-,  30-, 60- and 
95-in. e levat ions  above the  f l o o r  a t  loca t ions  1 t o  10 shorn1 
i n  Pig. 3 .  The 30-in. l e v e l  a t  l o c a t i o n  1 was taken a s  t h e  
"control  p o i n t H .  A t  l oca t ions  11 and 12 i n  t h e  south and n o r t h  
porches r e spec t ive ly ,  temperatures were recorded a t  t h e  84-in.  
l e v e l  only. 

The thermocouple l eads  were connected through a mult iple-  
bank switchboard t o  a s t r i p - c h a r t  type recording potentiomet e r .  
This 'Jas a s ix teen-poin t  ins-trunent- with a temperature range of 
-80°F t o  160°F opera t ing  with a one-minute p r i n t  i n t e r v a l .  

The 64 thermocouples were arranged i n  t h r e e  banks f o r  
connection t o  t h e  recorder .  The bank containing t h e  thermocouples 
recording t h e  more importan$ temperatures remained connected t o  t h e  
recorder  f o r  most of Lhe d s i l y  t e s t  per iod,  Tliree times d a i l y  
a t  0800, 16C0, and 2200 hi-, t h e  o the r  banks were switched i n  
consecutively f o r  16 min each, t o  record t h e  remaining temperatures. 

Tne o r i g i n a l  t r i a l  d i r e c t i v e  c a l l e d  f o r  t h e  a i r  
t e m p e r ~ t u r e  a t  t h e  "control  po in t t i  (30-in.  e l eva t ion  a t  l o c a t i o n  1) 
t o  be mainJ6ained a s  c lose ly  a s  possible  t o  70°F f o r  t h e  dura t ion  
of t h e  -I;r ials,  This ~ 2 s  ~ d h e r e d  t o  f o r  t h e  ea r ly  t r i a l s  but  
it was found t h a t  the  tempera-twe dis t r ibu-t ioi i  i n  t h e  hu.t was 
such t h a t  i n  f a i r l y  severe nea ther  t h e  -temperature a t  t h e  l e v e l  
of t h e  upper buiiks was axoaforba.bly warm f o r  s leeping.  Beginning 
4 December, the re f  o r e ,  %he con-brol poin t  temperature f o r  'the night  
per iod,  (2200 hr t o  0800 l?r t h e  folloirfii?g day) was reduced t o  
65'3'. 

It was o r i g i n a l l y  intended t h a t  tne  f u l l  s e t  of 4 8  
temperatuxes recorded a t  each 02 t h e  t h r e e  per iods of bank 
change, 0800, 1600, and 2200 h r  would be used i n  determining 
t h e  temperatwe dis-i-ribution vvithin t h e  barrack room and instrument 
room of t h e  hut under 2;l:2 d i f f e r e n t  t r i a l  condi t ions.  I n  a n a l y s i s  



of t h e  records ,  however, it was found t h a t  i n  many t r i a l s  t h e  
temperature readings a t  0800 h r  and 2200 h r  coincided with 
changes i n  s e t t i n g  of t h e  f u e l  r e g i s t e r  of t h e  h e a t e r  (under 
manual c o n t r o l )  and changes i n  set-king of the  therillostat ( imder  
t hemos ' t a t i c  con t ro l )  so t h a t  tenpra-Lures  i n  tlie hut Itrere 
r i s i n g  o r  f a l l i n g  during these  per iods.  Furthermore, a t  t h e s e  
two periods of t h e  day, t h e  hut temperature varLa$ions were 
a f fec ted  by the  opening anC c los ing  of t l ie dooi-s of the  hu-l- due 
t o  t h e  normal nlovenents of %lie personnel. Consequeni;ly t h e  only 
f u l l  s e t  of /I-8 temperature readings which cov-ld be r e l i e d  upon 
t o  ind ica te  t h e  temperature pat-i;ern m ~ d e r  reasonably steady 
coliditions were those  recorded a t  1600 h r  (4 P . M . ) .  These 
4 p.m. readings,  when p l o t t e d  f o r  each t r i a l  day using room a i r  
(dnd~-b~-tlb ) tenlperature a s  ~ b s c i s s a  and e leva t ion  above t h e  f l o o r  
a s  o rd ina te ,  r e s u l t e d  i n  curves of v e r t i c a l  temperature gradient  
f o r  each of t h e  t e n  room loca t ions .  P i ~ w r e s  7 t o  11 i nc lus ive  
have been selec-be8 t o  ind ica te  how v e r t i c a l  room temperature 
gradients  were a f f e c t e d  by t h e  severiJGy of the  weather, t h e  use 
of t h e  hea te r  c i r c u l a t i n g  f a n ,  and the  degree of ve r l t i l a t ion  
provided. 

To f u r t h e r  i l l u . s t r a t e  t h e  d is - t r ibut ion  of temperatures 
throughout the  h u t ,  t h e  temperatures i n  Bigs. 8 and 9 f o r  
loca t ions  1 t o  7 have been r e p l o t t e d  ill Pigs.  12 and. 1 3  a s  
isoJ~hermal  l i n e s  a long the  long i tud ina l  and t r ansverse  cen t re  l i n e s  
of t h e  barrack roorn. 

( c )  Surface Temgeratures 

Measurements mere a l s o  nade, wi th  a  contac t  pyromeJGer, 
of t h e  ins ide  sur face  tenperatwes of t y p i c a l  panels  of t h e  
enclosure wider a  v a r i e t y  o f  !i~eather condi t ions.  Differences 
between a i r  and su-rface t empera-Lures weye qu i t e  small ,  notably  f o r  
t h e  windows. Surf ace temperature g rad ien t s  i n  t h e  v i c i n i t y  of 
framixg mere a l s o  small .  Surface tenperatu-res obtained w i t h  t h i s  
instm-tnent a r e  r e l a t i v e l y  cmde and a r e  lilcely t o  be sonevdmt 
higher  than  the  t r u e  sur face  temperatu-re s . 

A i r  Q u a l i t y  

No regy la r  measurenents were made t o  a s s e s s  the  a i r  
qua l i ty  i n  the  hv:L during t h e  heat ing and v e n t i l a t i o n  t r i a l s .  
Observations oQ odour in2l-ensity were made during t h e  t r i a l s ,  
holi:lever, and it was noted t h a t  the  hut  remailled corn-paratively 
odour f r e e  except during a l l  condi t ion 1 t r i a l s  and some condit ion 
2  t r i a l s .  Under condi t ion 1, V~ith a l l  vents  and windows closed,  
t i lere was a se r ious  acc1~-mulation oi" odours from tobacco smolce, 
p e r s p i r a t i o n ,  and o i l y  clot l i ing,  so object ionable  t h a t  condi t ion 1 
t r i a l s  were reduced t o  tv~o-day s ins tead  o f  three-day! s durat ion.  
The odow i n t e n s i t y  under condi t ion 2  nas not a s  g rea t  but  i n  
m o s t  t r i a l s  was object ionable  and t h e r e  were ccmplaints from $he 
hut  occupants of Isnot enough f r e s h  a i r "  par t icv. lar ly  f o r  s l e  eping. 



A s  a h e a l t h  precaut ion during condit ion 1 t r i a l s  t h e  
a i r  i n  t h e  hut  was sampled and analyzed wi%h an  Orsat apparatus  
about every t h r e e  hours. There was no undue r i s e  i n  t h e  C02 
content  of t h e  a i r .  Por f u r t h e r  s a f e t y ,  a por table  CO i n d i c a t o r  
using yellow-to-green capsules was used t o  sample t h e  a i r  a t  
var ious pos i t ions  i n  t h e  room near  t h e  h e a t e r ,  samples being 
taken once every hour -throughout t h e  t r i a l .  No s i g n i f i c a n t  
amount of CO was detec-Led. 

With t h e  instrumentat ion ava i l ab le  it was not possible  
t o  measure t h e  over -a l l  r a t e  of a i r  change i n  t h e  hut .  Measurements 
were made, however, t o  es-bimate the  a i r  exhausted through t h e  
roof vent and f l u e  p ipe ,  t h e  l a t t e r  cons i s t ing  of a i r  through 
t h e  d r a f t  r e g u l a t o r  and a i r  f o r  combustion. 

To determine t h e  a i r  exhausted through t h e  roof ven t  
a vane-type anemometer was mounted i n  one corner  of t h e  roof 
jack, approximately midway betmeen t h e  square ou te r  casing 
and t h e  f l u e  pipe. The number of f e e t  of a i r  passing through the  
anemometer was obtained f o r  each t r i a l  day. Estimation of a i r  
f low from t h e  anemometer readings was su.b jec t  t o  cons idersble  e r r o r  
because of t h e  i r r e g u l a r i t y  o f  t h e  cross-sec t ion  of the  ven-b 
opening and t h e  l o c a t i o n  of t h e  anemometer which was near  t h e  
entrance of t h e  roof jack t o  f a c i l i t a t e  reading of the  d i a l s .  
Comparison of ea r ly  t r i a l s  with roof vent  open and closed showed 
t h a t  the  ca lcula ted  a i r  flow through t h e  roof ven* based on 
anemometer readings was much h igher  -than the  hea t  balance could 
j u s t i f y .  A cor rec t ion  f a c t o r ,  equal t o  C.5, was the re fo re  
es tabl i shed .  

The temperature of t h e  a i r  passing 0u.t $he roof vent  
was given by the  average of t h e  recorded readings of two 
thermocouples mouvlted i n  t h e  lower s e c t i o n  of t h e  roof ven t ,  one 
i n  each oI" two corcers .  These were pro-l-ec-bed a g a i n s t  d i r e c t  
r a d i a t i o n  from -the f1u.e pipe by cylindrical n e t a l  s h i e l d s  open 
a t  both ends. A f l a t  r i n g  of shee t  metal ,  approximately 1 2  in .  
i n  diameter was assembled around the  f l u e  pipe a shod- d is tance  
below t h e  lotver sec t ion  03 t h e  roof vent t o  a s s i s t  i n  mixing the  
higher-veloci ty  higher-temperatux-e a i r  r i s i n g  next t o  t h e  f l u e  
pipe with t h e  lower-velocity lower-tempera-ture room a i r ,  and 
t o  give s t e a d i e r  readings of exhaus-: a i r  temperature and ve loc i ty .  
Average temperatme of t h e  a i r  passing t k o u g h  t h e  roof vent  
var ied  between a maximum of 140"P during severe weather and a 
miniroum of 72'3' i n  moderate weaLher with an o v e r - a l l  average 
f o r  t h e  161-day period of approximately 105'F. 

A vane-type anemome-ter s i m i l a r  t o  t h a t  used f o r  measuring 
a i r  passing through t h e  roof vent  was used t o  determine t h e  f e e t  



of a i r  passing through the d r a f t  regulator .  Since the 
d r a f t  regula tor  presented an i r regu la r ly  shaped opening, a  
specia l  entrance l ~ i p e  of c i r c u l a r  cross-section was fabr ica ted 
and in s t a l l ed  over the  frame of the  d r a f t  regulator .  The 
anemometer was mounted in t h e  th roa t  of t h i s  circu1a.r opening. a s  
shown i n  Fig. 2. Temperature of -the d r a f t  regula tor  a i r  was 
given by readings of adjacent rcom a i r  tsmperature thermocouples. 

Tne a i r  used. f o r  combus~~ion was determined by calcula t ion 
from records of f l u e  gas composition and the  ul t imate ana lys i s  of 
the  f u e l  using the  re la t ionship:  

where At = Total weigh* of a i r ,  including excess, 
( l b  per l b  of f u e l )  

( h r 2 I v  = Nitrogen in f l ue  gas (per  cen-t by vo l )  

(C02)v = Carbon dioxide i n  f l u e  gas (per  cent by vo l )  

( C O ) v  = Carbon inonoxid-e i n  f l u e  gas (pe r  cent by vol) 

C = Tleight of carbon i n  f u e l  ( l b  per  l b  of f u e l ) ,  

Flue gas analyses were made th ree  times durLng each 
tr ia .1 day with an Orsat apparatu-s t o  obtain records of C02, 02, 
and CO. Since the  a.nalgses showed changes i n  propor-tions o f  the - - 

various gases f o r  d i f f  eren-b 2u.el cona~mption r a t e s ,  it  as 
necessary t o  i n t e r - r e l a t e  the  value of Ai v!i-Lh f u e l  consu~pt ion.  
From a  la rge  number o f  f l u e  gas ara lyses  on vari0v.s - t r i a l  days 
the  value of t h e  to-La1 rnei&t 02 coinbus-bion a i r  ( A t )  was found 
and plot ted agains-> the  f u e l  consumption r a t e  f o r  each instance. 
From these many points ,  a curre was plo-tte6 t o  g i - ~ 3  the 
r e l a t i on  between At and Tu-el consunip-tion r a t e ,  Then f o r  each 
increnen-L of f u e l  cocsmption f o r  2ny one t r i a l  day a  value of 
A t  was f  olmd from the  cv3-ve and the  corresponding voluae of 
combust-ion a i r  calculated,  The s~:rr,mc?~~i-.-~- of these increments 
then gave: -?fie to-La1 vol~~-ine of c ~ n b u s t i o - ~  a i r  f o r  each "cia1 day. 
This i s  shorm in Pig, 14 .  

The volume of a i r ,  referred t o  a densi ty of 0.075 l b  
per cu f-b exhau-sted throu-gh the  roof vent and f l u e  pipe Inas 
t o t a l l e d  f o r  each t r i a l  day and the  average measured ven t i l a t ion  
r a t e  f o r  the  hut computed on t h i s  bas is ,  Tne result-s a r e  shown i n  
Pig. 6. It should be noted t h a t  t h i s  does not include a i r  
e x f i l t r a t i o n  througll cracks o r  openings i n  the strucLure o r  through 



open windows. Values of t h e  measured v e n t i l a t i o n  r a t e  were 
p l o t t e d  a g a i n s t  i n s i d e - o u t s i d e  temperature  d i f f e r e n c e .  
Although t h e  r e s u l t s  showed a wide s c a t t e r  t h e r e  was a g e n e r a l  
i n c r e a s e  i n  measured v e n t i l a t i o n  r a t e  with dec reas ing  o u t s i d e  
temperature  f o r  most t r i a l  condi t ions .  A s t r a i g h t  l i n e  
r e l a t i o n  w a s  assumed and curves  dra-ivn through t h e  p o i n t s  by 
t h e  method of l e a s t  squares  (F ig .  1 5 ) .  

10.  HFAT BALANCE 

A h e a t  balance f o r  t h e  h u t  w a s  determined f o r  each  
t r i a l  day. The t h r e e  main components of t h e  t o t a l  hea t  i n p u t  t o  
t h e  h u t  were: t h e  h e a t  con t en t  of t h e  f u e l  o i l  burned i n  t h e  
h e a t e r ,  t h e  h e a t  equ iva l en t  of e l e c t r i c a l  energy used i n  t h e  hu t ,  
mainly f o r  l i g h t i n g  purposes,  and t h e  body h e a t  emi t ted  by -the 
occupants of t h e  hu t .  KO account  was t a k e n  of h e a t  ga in  due t o  
s o l a r  r a d i a t i o n  through t h e  whdo~vs .  

To measure f u e l  conswp t io i i  t h e  f u e l  t a n k  was equipped 
w i t h  a simple f l o a t - r o d  device  c a l i b r a t e d  i n  t e n t h s  of g a l l o n s .  
This was r ead  a t  t h e  beginning and end of each t r i a l  day and 
before  and a f t e r  each manual f i l l i n g  of t h e  t ank .  

An 8-oz sample of t h e  f u e l  was drawn from t h e  l a r g e  
s to r age  t a n k  a f t e r  each f i l l i n g  by t a n k  t r u c k ,  t l ie  
samples l a t e r  be ing  s e n t  t o  Ottawa l a b o r a t o r i e s  f o r  u l t i m a t e  
a n a l y s i s  and f o r  h e a t  con ten t  and d e n s i t y  de te rmina t ions .  
The h e a t  contei i t  and d e n s i t y  r e s p e c t i v e l y  were 18,500 Btu 
p e r  l b  and 6.94 l b  p e r  cu f t  up t o  9 January and 18,440 
B t u  p e r  l b  and 7.10 l b  per  cu  f t  f o r  t h e  r e s t  of t h e  t r i a l s .  

Fuel  consumptio:~ f o r  t h e  161-day t r i a l  pe r iod  i s  shown 
g r a p h i c a l l y  i n  Pig.  16. For comparison w i t h  t h e  f u e l  cons~rnpt ion  
curve,  t h e  curve of degree-days (65OP b a s e )  f o r  t h e  t r i a l  pe r iod  
has  been included and a f a i r l y  c lo se  r e l a t i o n  i s  apparent .  

To measure e l e c t r i c a l  power consumption, a s t anda rd  
m u l t i p l e  d i a l  wat-t-hour meter  was i n s t a l l e d  vihich r e g i s t e r e d  t h e  
t o t a l  power suppl ied  t o  t h e  h u t .  Readings were t a k e n  t h r e e  t imes  
a day i m e d i a t e l y  f o l l o r r ~ n g  f u e l  r ead ings ,  and a t  t h e  beg inn ing  
and end of each t r i a l ,  A l l  e l e c t r i c a l  energy consumed was 
converted i n t o  h e a t  u n i t s  f o r  h e a t  ba lance  purposes. Da i ly  
e l e c t r i c i t y  consumption i n  t h e  h u t  i s  sho~rm i n  Fig. 16. 

An e s t ima te  of t h e  d a i l y  h e a t  i n p u t  from personnel  
was made'based on t h e i r  occupancy h a b i t s .  It was assumed t h a t  
personnel  would emit  h e a t  a t - t h e - r a t e  of 400 Btu p e r  h r  p e r  man 
du r ing  waking hours  and 300 Btu p e r  hr d u r i n g  s l e e p i n g  hours.  

For a l l  t r i a l s  t h z  p ropor t i on  of t h e  t o - t a l  d a i l y  h e a t  
i n p u t  a t t r i b u t a b l e  t o  perso,mel v a r i e d  from 2 t o  8 p e r  c e n t  wi th  
a rough average of 6 p e r  cen t  whereas t h e  e l e c t r i c a l  h e a t  



input  was approximately 3 t o  12 per  cent  with a rough average of 
8 per  cent.  

The various hea t  l o s s e s  en te r ing  i n t o  t h e  hea t  balance 
calcula-Lions f o r  t h e  hu t  were a s  follo1,vs: 

Heat l o s s  throu* roof vent.- Tne hea t  requi red  t o  r a i s e  t h e  
t e m ~ e r a t u r e  of $he v e n t i l a t i o n  a i r  passing out t h e  roof vent  
from outside temperature t o  room temperature. 

Heat l o s s  through - d r a f t  r e g u l a J ~ o r o -  The hea t  requi red  t o  r a i s e  
t h e  temperature of t h e  a i r  passing through the  d r a f t  r e g u l a t o r  
from outside temperature -iio room temperature,  

Heat l o s s  t o  combustion -- a i r . -  The hea t  required t o  r a i s e  t h e  
temperature oY t h e  a i r  used by %he h e a t e r  f o r  combustion from 
ouJ'cside tempe radiure t o  room tempem.ture, 

Heat l o s s  t o  f l u e  g_a~.- The hea t  con4cai-ned i n  t h e  conbus t io i~  gases 
passing u.p t h e  s'iack, r e l a t i v e  %o room temperature,  

Heat l o s s  through ~ t : ~ ~ ~ . c t w e .  - The hea t  l o  
t ~ i ~ l ~ g  windov~s and d 
f l o o r  of t'ne hut ,  

h e a t  t r a n s n i s s i o n  
roof  and 

Unaccoun-ted f o r  hea'; l o s s e s  occurred due -to a i r  i n f i l t r a t i o n  and, 
during many of t h e  t r i a l s ,  vent i la , t ion  a i r  through open windows. 

The hea t  l o s s e s  attribu-b-table t o  a i r  en te r ing  t h e  
roof vent , d r a f t  regula-Lor, and h e a t e r  were calcula-ted ind iv idua l ly  
from the  records of 2 . i r  volu.ile and t e m p e r a t ~ r e  previously 
r e f  erred -Lo, 

( a )  Hea-l- Loss t o  Flue Gas 

Va1-v.e~ of percell-ba ge C02 viere ob-tained from a n a l y s i s  
of -the f l u e  gas ma& three -Limes cially n i t h  t h e  d r a f t  r e g u l a t o r  
adjusted t o  give t h e  draP-b recomroended by t h e  na;fiufacturer. 
Flue gas temperatures ;>:en taken a t  %he same i n t e r v a l s  by means 
of a mcrcwy-in-glass l aboraJ~ory  ther:oorneter mouiited i n  t h e  
f l u e  belo-rf t h e  d r a f t  regvLz?ior, From t h e s e  GO2 and temperature 
readings t h e  cornbv.stion ePf i c i ency  was determined f -ram c w r e  s 
given i n  Chapter 14 02 t h e  1955 3-SK4.E ''C;v.Ldet:, p ~ b l i s h e d  by t h e  
American Socie-tg of Eea-Cing c?nc'~ Air ConcZii-i-oning Engineers. 

Slnce 2 c lose  record of f u e l  consurlp'iion Yas Irept, 
i-t was poss ib le  t o  rela- te  Che r a t e  of fu-el coosu.mp-tion t o  Yne 
heaAier coabustion ef f i c i e n c : ~  a s  de'ce-mlined from t h e  instantaneous ., 
f l u e  gas aizaljfses and -Lenpe-ra'u~~es, over a wide range of va lues  
froni l o w  h e a t e r  se-i-tLng t o  high h e a t e r  se-kt-i~g. From the  - 
combustion e f f i c i ency  cvxve +-I- ulius es-tablished ?or  t h e  h e a t e r  
(F ig ,  17)  , cor!ibu.stion e f f i c i e n c i e s  were f o ~ i d  f o r  each ivlcrement 



o f  f u e l  consumption, over -the e n t i r e  day, assuming t h a t  f o r  
any one hea te r  s e t t i n g  the f u e l  r a t e  was e s sen t i a l l y  constant.  
The heat  l o s s  t o  f l u e  gas f o r  each increment was then r ead i ly  
determined and the increments t o t a l l e d  f o r  tach t r i a l  day, 

( b )  Heat Loss Through the  Structure ( H s )  

The t o t a l  heat  l o s s  by transmission through the 
s t ruc ture  comprised losses  through the  roof ,  walls ,  windows 
and doors, and the  f l oo r .  These were calculated f o r  each day 
of the  t r i a l s ,  and were based on the  average temperature 
difference between the  a i r  ins ide  and outside of each building 
component, multiplied by the  area and by the  calculated 
over-a l l  heat transmission coef f ic ien t  of each component. 

The over-a l l  heat  -transmission coef f ic ien t s  ("u" values)  
f o r  the building sect ions  were calculated using procedures 
and thermal coef f ic ien t s  given i n  Chapter 9 of  t he  1955 ASHAE 
Guide. These values a r e  given i n  Table I. 

The U values of the  roof panel with d i f f e r en t  
amounts o f  snow cover were a l s o  calculated and the  appropriate 
value used, based on snow depth measurements. Table I gives 
the value f o r  an 8-inch snow cover. 

I n  obtaining the average ins ide  a i r  temperature 
adjacent t o  any component a "wei@tedfl average was established 
by first dividing the  i n t e r i o r  surfaces of the hut  in to  t e n  
zones, the  average inside a i r  temperature value f o r  each zone 
being based on the  readings of adjacent thermocouples. I n  
ce r ta in  zones where thermocou-ples had no t  been in s t a l l ed  t he  
-bemperatures used were those of zones having s imi l a r  temperatures 
a s  indicated by the  pat tern  of isotherms. Two thermocouples 
were used t o  obtain crawl space a i r  temperatures. 

Heat transmission through the  s t ruc ture  was calculated 
f o r  each t r i a l  day. No account was taken of  heat  storage i n  the 
s t ruc ture  since i t s  e f f ec t  was small when considered over t h e  
several  days of each t r i a l  condition. The heat  losses  through the 
components a s  a percentage of t h e  t o t a l  calculated heat l o s s  
through the  struGture weEe a s  follows: roof,  28 t o  4 1  per  cent;  
nralls, windows and doors, $1 t o  59 per  cent;  f l o o r  with crawl spa 
unbanked, 19 t o  25 per cent;  f l o o r  with crawl space banked, 
8 t o  2 1  per cent,    he t o t a i  calculated heat  l o s s  through t h e  
s t ruc ture  i s  shorm i n  Fig, 18, 

The average d i s t r i bu t ion  o f  t h e  measured heat l o s se s  
during severe weather with the  hut  perimeter banked i s  shown i n  Table 
11. The d r a f t  regula tor  heat  l o s s  was l e s s  than 1 per cent i n  each 
instance 



The heat f o r  varied quite  widely f r o m  day 
t o  day. This was inevi table  because, i n  addit ion t o  e r rors  i n  
measurement, no account was taken o f  such f ac to r s  a s  i n f i l t r a t i o n ,  
ven t i l a t ion  through open windows, heat  s torage,  and so l a r  and 
night  sky rad ia t ion  exchange. The difference between t o t a l  heat 
input and t o t a l  heat  l o s s  was general ly l e s s  than 10 per cent 
and i n  most instances l e s s  than 5 per cent.  It was often 
negative, especia l ly  under severe weather conditions. 

A d i r ec t  l i n e a r  r e l a t i o n  between the  t o t a l  da i ly  
heat  requirements and inside-outside temperature difference was 
apparent f r o m  plotted r e su l t s .  This i s  shown i n  Pig. 19, t h e  
curves having been located by the  method of l e a s t  squares. 

11. DISCUSSION OF RXSULTS 

(a  ) Environment 

A study of temperature gradient curves such a s  those 
shown i n  Pigs. 7 t o  11 leads t o  the  following observations 
vhth regard t o  the  hor izonta l  temperature d i s t r i bu t ion  within 
the  hut. A t  the  2-in. l eve l ,  temperatures ranged from 42 
t o  68OP f o r  severe weather - t r i a l s .  Temperatures f o r  moderately 
severe and moderate weather were within t he  range of 49 t o  70°P. 
A t  the  30-in. l eve l  room a i r  temperatures were within the  range 
of 60 t o  75OP i n  a l l  t r i a l s .  The var ia t ion  i n  a i r  temperature 
throughout the  hut a t  t h i s  l e v e l  was approximately 11 degrees 
f o r  severe weather t r i a l s ,  8 degrees f o r  moderately severe 
weather, and 5 degrees f o r  moderate weather. 

lit the 60-in. l eve l ,  a i r  -temperatures ranged from 
67 t o  80°P i n  a l l  t r i a l s ,  but i n  individual  t r i a l s  the  var ia t ion  
throughout the  hut r a r e ly  exceeded 7 degrees regardless of t h e  
sever i ty  of the weather. A s  was the  case a t  the  30-in. l e v e l ,  
locat ions 9 and 3 a t  the  60-in. l eve l  showed i n  many t r i a l s  the  
highest and lowest temperature readings although t h e  temperature 
a t  locat ion 10 i n  the  instrument room was lower than t h a t  o f  
locatioi?. 9 on some occasions. 

A t  the  95-in. l eve l ,  a i r  temperatures f o r  the majority 
of locat ions  i n  a l l  t r i a l s  were between 70 and 95OP, although 
f o r  the  severe weather t r i a l s  t h e  temperature a t  some locat ions ,  
notably locat ion 6 ,  reached a s  high a s  117'3'. The extreme tempe- 
ra tu res  a t  locat ion 6 were due t o  the  aluminum beams of  the  
roof s t ruc ture  vrhLch pocketed hot a i r  r i s i n g  f r o m  t he  hea t e r  
and channelled it across the  room, The use of the  heater  f a n ,  
a s  i l l u s t r a t e d  i n  Pig. 9 ,  resul ted  i n  a marked decrease i n  
a i r  temperatures a t  the  95-in. l eve l ,  

I n  general the  g rea tes t  a i r  temperature gradient from 
f l o o r  t o  ce i l i ng  was found a t  locat ions  6 and 7 ,  due mainly t o  
the  pocketing of hot a i r  a s  previously mentioned. The smallest 



gradient oZ each t r i a l  was shown by locat ion 10 except 
i n  the  severe weather t r i a l  when the  f a n  was i n  operation 
(Figo 9 ) .  

When the  f a n  was not i n  operation the  v e r t i c a l  a i r  
temperature gradients between the  30- and 60-in. l eve l s  were 
much l e s s  than between e i t h e r  t he  2- and 30-in. l eve l s  o r  
the  60- and 95-in. l eve l s ,  being approximately 5 degrees f o r  
severe weather, 4 degrees f o r  moderately severe weather, and 3 
degrees f o r  moderate weather. 

The over-al l  gradient f rom f l o o r  t o  c e i l i n g  increased 
with increasing sever i ty  of weather and with increasing ven t i l a t i on  
r a t e  from condrtions 1 t o  6 ,  except when the f an  was i n  
operation. The use of t he  f a n  grea t ly  minimized the  v e r t i c a l  
temperature gradien-ts throughout the hut ,  

Under s imi la r  conditions of weather and ven t i l a t ion ,  
the  mean room a i r  temperature gradient was grea te r  the  
perimeter of the  crawl spme was not banked than when it w a s  
banked, 

Surface temperatures of the  se lected f l o o r  panel were 
considerably higher tc~vard the  centre l i n e  of t he  hut than a t  the  
wall end. This i s  believed t o  be due i n  par t  t o  the proximity 
of the  panel t o  the  heater .  Floor surface temperatuxes -,xried 
fron? 48 t o  64OF a t  t he  wall end of %he panels and L'rorn 58 t o  74'3' 
a t  the  hut centre l i n e .  Floor telnperatures were 'nigher with the 
hut  perimeter banked than with it rnbanlred. 12 moderate weather 
t h i s  difference was from 1 t o  8 O P  while under more severe weather 
conditions the  increase due t o  banking w a s  from 4- t o  as high as  
13 degrees. 

Rela-tive humidity varied d i r e c t l y  with the  number o f  
occupants, since the  amount of moisture v ~ i t h i n  t h e  hut was mainly 
due t o  the  resp i ra t ion  and perspi ra t ion of the  occupants, and 
t o  a small degree t o  the  melting and- evapcration of snow from 
the  f l o o r  and from clothing a f t e r  persoilme1 had entered frcm 
outside. P,lso, the  r e l a t i v e  hurnidj-t j r  vras s t rongly  influenced 
by the  degree o f  hut -~e r ; t i l a t i on  afforded by the varicus t r i a l  
conditions, These re la t ionships  betwee-n nlmber of occupants, 
ven t i l a t ion  r a t e ,  and r e l a t i ve  hun-idi-by a re  more evident from a 
study o f  Fig. 6, Ylhere venti lat ior? r a t e  and number o f  occupants 
remained roughly constant,  the  r i s e s  and f a l l s  i n  inside r e l a t i v e  
humidity can (be a t t r i bu t ed  t o  correspoiiding sharp r i s e s  an4 
f a l l s  i n  t h e  outdoor a i r  temperature which occurred usual ly  
about one day previous, 

(b )  VenUcilatlcn -Rate 

l!leasued ven t i l a t i on  r a t e  o f  the  hu-t varied f r o m  a 
mintm~m culder condition 1 (roof vent,  f l o o r  opening, and windows 
closed) t o  a maxim7m unaes condition 6 (roof vent ,  f loor  opening, 
a d  -windows open), 



The roof vent  was responsible  f o r  t he  major pa r t  of 
t h e  t o t a l  measured ven t i l a t i on .  On days when t h e  roof vent  
was closed t h e  a i r  required f o r  combustion was t h e  major 
component. A i r  quan t i t i e s  through t h e  d r a f t  r egu l a to r  were so  
small a s  t o  be i n s ign i f i c an t  except on t r i a l  days when t h e  roof 
vent  was closed. 

Prom Pig. 15 it i s  apparent t h a t  under condit ions 1 
and 2 t h e  measured v e n t i l a t i o n  r a t e  was more o r  l e s s  independent 
of outside temperature condit ions;  with the  roof vent open 
(condit ions 3 t o  6 ) ,  however, v e n t i l a t i o n  r a t e  increased wi th  
decreasing outside temperature. 

A s  bas been indica ted  vent-i lation r a t e  measurements 
were necessa r i ly  crude. E x f i l t r a t i o n ,  through cracks i n  t h e  
cons t ruc t ion  a romd windows and doors, was probably a neg l ig ib le  
component of the  t o t a l  a i r  change, i n  view of t he  t i gh tne s s  of 
construct ion and weather s t r i p p i n g  and t h e  a i r  exhaust provided 
by the  roof jack i n  most t r i - a l s .  However, t he  correc-tion f a c t o r  
of 0.5 appl ied t o  t h e  roof jack anemometer took such e x f i l t r a t i o n  
i n t o  account t o  some extent  s ince  it was se lec ted  t o  give t h e  best  
agreement- on the  heat  balance f o r  t h e  many t r i a l s  i n  which 
windows were closed. 

Venti la t ion rat-e measurements ignored e x f i l t r a t i o x  
through doors during use and through open windows. The volume 
of such e x f i l t r a t i o n  w i l l  depend on what e x f i l t r a t i o n  e x i s t s  
through o ther  openings and upon the  wind and outdoor temperature 
conditions.  

The increase  i n  measured v e n t i l a t i o n  r a t e  due t o  
open wind-ows with the  roof vent open can be seen i n  Fig. 15 by 
comparing curves 3 and 4 w i t h  5 and 6. Conparison of t h e  
corresponding curves i n  Fig, 19 provides a  crude index of t h e  
increase i n  a c t u a l  v e n t i l a t i o n  r a t e  due t o  open windows. For 
example, a t  an  inside-outside temperature d i f ference  of 100°P, 
t h e  ven t i l a t i on  a i r  volume corresponding t o  t h e  d i f ference  in 
hea t  inputs  beinreen curves 3 and 5 o r  4 and 6 of Pig. 19 i s  
approximately 55,000 cu f t  per  day. This conpares w i t h  a d i f ference  
i n  measured v e n t i l a t i o n  r a t e  i n  Pig. 15 of about 30,000 cu f t  
per  day. Thus t he  unmeasured a i r  volume due t o  e x f i l t r a t i o n  through 
doors and windows was roughly 25,030 cu f t  per  day under these  
c  ondi-i; ions.  

Comparison of curves 1 and 2 i n  Pig, 15 ind ica tes  
t h a t  opening of windows had l i t t l e  e f f e c t  on measured v e n t i l a t i o n  
r a t e s  und-er "buttoned-up'' conditions.  However, t h e  open windows 
d id  i n  f a c t  provide a  subs t an t i a l  amount of v e n t i l a t i o n  a s  
indica ted  by the  d i f ference  i n  heat  requirements f o r  t he  same 
two condit ions shovm i n  curves 1 and 2 of Pig. 19. 



( c )  Heat Requirements 

Figuxe 1 9  shows t h a t  t h e  d a i l y  heat  inpu t  was a  
minimum under condi t ion 1 and increased a s  t h e  means f o r  
v e n t i l a t i o n  were increased. The inf luence of t h e  f l o o r  
opening on t h e  d a i l y  hea t  input  appeared t o  be s l i g h t ,  t h e  
d i f ference  between curves 3  and 4 and again  between 5 and 6 
probably being due t o  e r r o r s  i n  measuremen-b and s c a t t e r  
of poin ts .  Conparing curves 3  and 3-P, t h e  operat ion of t h e  
c i r c u l a t i n g  f a n  appeared t o  have reduced input  requirements 
t o  some ex ten t ,  a t  l e a s t  a t  t h e  h igher  ins ide-outs ide  a i r  
temperature di5ferences.  

Since t h e r e  were only a  few t r i a l s  f o r  each condit ion 
number i n  which t h e  h u t  perimeter was l e f t  unbanlced, t h e  number 
of poin ts  was i n s u f f i c i e n t  t o  p l o t  a  curve i n  each case. The 
records show. however. t h a t  t h e  hea t  innu t s  f o r  t h e  unbanked 
perimeter t r i a l s ,  when compared with those  of t h e  corresponding 
t r i a l s  when t h e  h u t  perimeter was banked, were consisten.t ly 
h igher  f o r  s i m i l a r  weather condi t ions.  

It should be kept i n  mind t h a t  the  d a i l y  heat  i n p u t  
i n  Pig. 19 includes t h e  f u l l  h e a t  equ-ivalent of t h e  f u e l  burned, 
hea t  i n  t h e  f l u e  gas having been regarded a s  a  h e a t  l o s s  f o r  
purposes of t h i s  ana lys i s .  Thus the  h e a t  a v a i l a b l e  f o r  hea t ing  
t h e  hu t  was l e s s  than  the  hea t  input  value by t h e  anount of t h e  
f l u e  gas l o s s .  

Table I1 shows t h a t  %he s tru-cture accounted f o r  t h e  
l a r g e s t  percentage of t h e  t o t a l  hea t  l o s s  under a l l  t r i a l  
conditions.  These h e a t  l o s s e s  through t h e  s tuuc"~ure obtained 
from calcula-Led U values,  a r e  shovm a s  cuives i n  Pig. 18. 
S t r u c t u r a l  hea t  l o s s e s  f o r  condi t ion 1 t r i a l s  can a l s o  be determined 
by sub t rac t ing  o t h e r  hea t  l o s s e s  from t h e  heat  inpu t  f i g u r e s .  
Values obtained i n  t h i s  may have been p lo t t ed  a s  ind iv idua l  
poin ts  i n  Pig. 18. The r e s u l t s  a t  t h e  extreme l e f t  were obtained 
with no snow cover, while those a t  the  cent re  and extreme r i g h t  
were obtained with from 2 t o  8  i n .  of snow on t h e  roof .  
Agreement with t h e  curves based on ca lcu la ted  f i g u r e s  i s  reasonably 
good* 

( d )  Heating System Performance 

I n  general ,  t he  performance of t h e  hea t ing  system i n  
t h e  hu t  under t e s t  was s a t i s f a c t o r y  throughout t h e  f u l l  t r i a l  
period. 

The capaci ty  of t h e  h e a t e r  was adequate t o  ensure 
proper temperatures i n  t h e  h u t  under a l l  weather condi t ions 
experienced. Indeed, t h e r e  was s u f f i c i e n t  reserve  capaci ty  t o  
provide reasonably quick warm-up of t h e  hut; from cool  t o  



comTor-table temperatures even during the  most severe weather, 

On the whole, the  heat ing system was easy t o  operate 
and t o  maintain, Under manual operation of the  heater ,  
however, some d i f f i c u l t y  was experienced i n  adjus t ing the  f u e l  
regula tor  t o  give the proper control  point  a i r  temperat~xre a t  
a l l  times, Considerable judgment had t o  be exercised i n  adjus t ing 
the  s e t t i n g  f o r  th3  night  period, taking i n t o  account the  exis t ing 
control  point temperatwe and v~fhether it required r a i s ing  o r  
lowering, and alloming f o r  any weather change t h a t  might be 
expected t o  occur dwing  the  night.  It i s  not surpr is ing 
therefore t h a t  on some occasions under manual control  the  
ea r ly  morning temperature a t  t'ne control  point was considerably 
higher o r  lower than the  temperature ca l led  f o r  i n  the t r i a l  
schedule, 

When the  heater  was under thermostatic control ,  with 
the  themnostat located a t  the  control  point  and with s e t t i n g  
d i f f i c u l t i e s  of manual operation eliminated, the  a i r  
temperature a t  the  control  poinit remained r e l a t i v e l y  constant ,  
depar-tjng Prom the  desired temperatuxe by no more than about 
t7vo degrees, One necessary precaution, however, was t o  ad ju s t  
the "high-fire" s e t t i ~ g  su f f i c i en t ly  high -to take carc of t h e  
maximum heat  demand. 

Another d i f f i c u l t y  encountered under both thermostatic 
and manxal operation was t h a t  i n  milaer weather the  flame v~ould 
tend t o  go out on very low f u e l  s e t t i ng ,  resu l t ing  i n  
considerably reduced a i r  temperature, especia l ly  during the  night 
period vihen the heate.- was unattended-, Before re l igh t ing  t h e  heater  
the  operator was oblLged t o  dra in  most of the  accumulated f u e l  
from the  pot,  

A t  very  loo^ f u e l  s e t t i n g  the  reduced combustion 
eff ic iency was accompanied by a grzdual sooting up of the  hea te r  
and flue-pipe -- 2 cha rac t e r i s t i c  o f  most p~ t -~cype  space heaters  -- 
and by the  middle of the  t r i a l  s e r i e s  the  accumulation mas 
su f f i c i en t  t o  warrant pzm'ial dismantling and complete cleaning 
of the  hea te r  and flue-pipe, By the end of the  s e r i e s  the  
combustion surfaces were again coated t o  the  point vihere 
cleaning was advisable, 

( e  ) Ventilation System Perf omnance 

The arr~ngement f o r  ven t i l a t i ng  the h u t ,  consis t ing 
of the  roof vent opening around the  flue-pipe o u t l e t  and the  
small f l o o r  opening below the  heater ,  was adequate f o r  proper 
ven t i l a t ion  under the conditions of occupancy of t he  t r i a l s  
even i n  the  mildest winter weather, 



The importance of t h e  f l o o r  opening i n  t h e  s a t i s f a c t o r y  
performance of t h e  system i s  q u e s t i o ~ a b l e  s i n c e  adequate 
v e n t i l a t i o n  w a s  achieved w i t h  t h i s  opening blocked o f f ,  b u t  
t h e  measured v e n t i l a t i o n  was i nc rea sed  s l i g h t l y  by i t s  be ing  used. 

The h e a t  i n p u t  curves  f o r  t h e  t r i a l s  showed t h a t  t h e  
small window openings of t h e  s t o m  windows pr0vid.e some 
v e n t i l a t i o n  of t h e  occupied h u t  even low wind v e l o c i t y  
condi-Lions . These window openings a lone  ( c o n d i t i o n  2 )  were n o t  
s u f f i c i e n t ,  however, t o  main ta in  adequate  v e n t i l a t i o n  f o r  %he 
removal of a l l  odours under t h e  cond i t i ons  of occupancy, with 
t h e  low wind v e l o c i t i e s  experienced.  

( f  ) Comf o r t  2eac'~ions 

There were no complaints  about  t e rnpera tme  from t h e  
normal ly  c lo thed  occupants d u r i n g  waking hours .  Por  s l e e p i n g ,  
however, it was found neces sa ry  t o  lower t h e  c o n t r o l  po in t  
tempera-bure t o  65OP t o  reduce complaints  of  overhea t ing  main ly  
fron: t h o s e  occupying t h e  u;3per bunks, Even with t h i s  reduced 
n i g h t  temperature  s e t t i n g  t h e r e  were occasions  when occupants 
of t h e  upper  bunks c l o s e s t  t o  t h e  h e a t e r  were wlcoinfortably warm, 
and s i n c e  t h e r e  were no complaints  of s l e e p i n g  cond i t i ons  be ing  
t o o  co ld  a t  t h e  l e v e l  of t h e  lower  bunks, it i s  be l i eved  that  
a  c o ~ t r o l  p o i n t  temperature  of 60°P might have been accep tab l e  
t o  a l l .  

The use of t h e  h e a t e r  Tan w a s  g e n e r a l l y  favoured b y  t h e  
occupants s i n c e  t h e  v e r t i c a l  temperature  g r a d i e n t  was reduced,  
b u t  some ob jec ted  t o  t h e  f a n  n o i s e  when t r y i n g  t o  s l eep .  

Re l a t i ve  humidity v a r i e d  wide ly  througliout t h e  
h u t .  For a  con-Lrol po in t  temperature  of 70°P and a r e l a t i v e  
humidity of 20 p e r  c e n t ,  t h e  c a l c u l a t e d  r e l a t i v e  h u n i d i t y  
g r a d i e n t  under t h e  most extreme grad-ient  c o a d i t i o n s  of 
temperature  (40°F a t  t h e  f l o o r  and 10O0I? a t  t h e  c e i l i n g )  would 
be about  8 p e r  c e n t  r e l a t i v e  humidi ty  a t  t h e  c e i l i n g  and 50 
p e r  cen t  a t  t h e  f l o o r .  Even -eater  extremes occurred,  however, 
s i n c e  t h e  r e l a t i v e  h u q i d i t y  a t  t h e  c o n t r o l  po in t  v a r i e d  from a  
maximum of 40 pe r  c e n t  t o  a  mini mu^ of 1 3  pe r  cen t .  Complaints 
of t h e  occupants concerning "dryness" of t h e  a i r  were r a r e  and  
were accompanied by complaints  of uncomfortably h i g h  temperature  
u s u a l l y  i n  connect ion w i t h  s l e e p i n g  cond i t i ons  i n  t h e  upper bunks, 
There were no complaints  t h a t  t h e  r e l a t i v e  humidi ty  was t o o  high.  

It i s  g e n e r a l l y  agreed  by a u t h o r i t i e s  on v e n t i l a t i o n  
t h a t  i n  a n  occupied b u i l d i n g  t h e  miniraum v e n t i l a t i o n  r a t e  
depends upon t h e  amouiit of f r e s h  a i r  neces sa ry  t o  c l e a r  t h e  
a i r  of ob j ec t i onab le  odours. This was c o n f i m e d  i n  t h e  a r c - t i c  
h u t  t r i a l s ,  where, under  condi-t ion 1 with a l l  v e n t s  and windows 



closed,  the re  was no appreciable build-up of carbon dioxide o r  
deplet ion 02' oxygen measured but there  was a decided increase i n  
odow in tens i ty .  During one o f  the  two-day t r i a l s ,  the  o d o u r  
from men's clothing,  some of which had been oil-soaked from 
t h e i r  work during the  day, coupled with usual body odours and 
tobacco smoke, vras so obno:rious $hat on the  second day of the  
t r i a l  the  t e s t  was -iieminated a f t e r  1 2  hours. Ventilation 
r a t e  under these  conditions mas apvroximately one t en th  of an 
a i r  change per  hour o r  roughly 1.3- cu fl; o f  I"resh a i r  per 
minute per man. Under condition 2 (windows open but a l l  vents 
closed) the  odour i n t e n s i t y  vras considerably lower than f o r  
co i~di t ion  1, f o r  al-though. %he measured ven-tilatioi? r a t e  showed 
very l i t t l e  increase,  the  heat  input showed there  was 
considerable unmeasured a i r  change, Under these conditions 
t he re  were f elver complaints about odour  and ~ t ~ ~ f i n e s s .  

Dvxil?g all. t r i a l  coaditions excep-t Bos. 1 and 2 there  
were no objections t o  the  a i r  qua l i ty  i n  the  hu t ,  although the  
measured r a t e  o f  a i r  change on some occasions was a s  l o w  a s  
one-third o f  an z i r  c h n g e  per houz, This corresponds t o  
approximately 4,5 cu f-t per minute per person o f  f r e s h  a i r  
w i t h  an occ-apancy o f  8 men. The ac tua l  vex,- l lat ion r a t e  on 
these  occzsions may have been s l i g h t l y  higher due t o  extraneous 
exf ilt ra-tion. 

12, COMCLUSIOB 

The heating and ven t i l a t i on  t r i a l s  of the  a r c t i c  hut 
(~k. 3 )  a t  Donjelr Canp showed t h a t ,  within the  l i m i t s  of the  
occupancy scheaule o f  the  t r i a l s ,  t he  liu% was able t o  provide 
c o ~ ~ o r t a b l e  accomodat io~i  f o r  a s  many a s  1 4  men under the  most 
severe wea-ther conditions enco~u9-kered. eveil withou-t the  a id  of 
e l e c t r i c a l  services ,  Coastruc-tion o f  the  hut  and i t s  component 
panels was such Ynat hea t  losses  of the hut were low and a l l  
ins ide  s u f a c e s ,  including windo-as, remained a t  temperatures 
s u f f i c i e n t l y  high t o  ensuze acceptable condiJciol?s . Wi-th the  
r e l a t i v e  h~unid i t i es  experienced d w i n ~  the  t r i a l s  the re  was no 
surface condensatiox o r  f ro s t i ng  except i n  t he  d i e a t e d  porches 
and i n  severe wea-Yher on the  n a i l  heads of the  lower p o d i o n  
of the  corner wall  panels i n  t he  instrumentroom. 

The heat ing system had adequate capacity t o  maintain 
acceptable temperatuxes throughout the  hut  even i n  the  coldest  
weather. Temperature d i s t r i bu t ion  throughout the  hut was good 
considering the  s impl ic i ty  o f  the  heaJ~in? system, but a i r  
temperatures near the  ce i l i ng  were too high f o r  comfodable - - 
s leeping i n  the upper bunks especia l ly  during severe weather. 
It is  believed t h a t  the  roof s t ruc tu re ,  by i t s  configuration, 
prevented proper d i s t r i bu t ion  o f  heated a i r  from the -cen t r a l l y  
placed heater  t o  the  ends of barrack room during t r i a l s  



when t h e  hea te r  was operated with no fan.  Had t h e  c e i l i n g  
been f l a t ,  b e t t e r  hor izonta l  and v e r t i c a l  temperature gradients  
would have been achieved, with consequently improved comfort 
conditions.  

Heater e f f i c i ency  was good and resu l t ed  i n  economical 
f u e l  consu~pt ion .  There was no heat ing  system maintenance 
required o the r  than  -the cleaning of t h e  hea t e r  and f lue-pipe 
once throu.ghout t h e  t r i a l  period and t h e  draining of the  hea t e r  
combustion chamber before r e l i g h t i n g  t he  f i r e  on two occasions 
when t h e  flame went o u t  cluring the  n igh t .  

The v e n t i l a t i o n  system, wit1iou:t the  a i d  of e l e c J ~ r i c a l  
appl iances,  was ab le  t o  maintain an acceptable drzught-free 
atmosphere without accumu.lation of od-ours, provided t h a t  t h e  
roof velit- remained open, and ari-thou-t reducing t h e  r e l a t i v e  
humidity i n  t h e  hut  t o  an uncomfortable l eve l .  No maintenance 
of the  system was required throughout t h e  t r i a l s .  

FSnere e l e c t r i c i J q  i s  ava i l ab l e ,  it can be used t o  
increase t h e  degree of comfort and economize on f u e l  consumption 
by means of a thermostat ic  f u e l  r egu l a to r  and a  hea t e r  
c i r c u l a t i n g  fan. 



TABLE I 

SECTION 

CALCULATED U VALUES OF BUILDING SECTIONS 

\Val1 panel 

Window panel (without s t o r m  sash) 

Window ganel (with s t o r m  sash) 

Vleighted average of 1 and 2 

Weighted average of 1 and 3 

Floor panel (hut  perimeter banked) 

Floor panel (hut  perimeter unbanked) 

Roof panel (withotrt snow) 

Roof panel (8-inch snow cover) 

U VALUE, ~ t u / s q  f t  hr O: 



TABLE I1 

S~;DILARY OP HEAT LOSSES (FER CENT) 

HUT PERU\IIETER BAN-KED - SEVERE TVEATHER 

HEAT 

-- 
Combust ion 
A i r  

4 

S t r u c t u r e  71-76 60-62 

4 

59-60 

C 

3 

-- 
59-62 

3 

52-60 

3 

52-57 

3 3 



Figure 1 View fac ing  n o r t h  (February 1951) .  
( D o E e D o  photo) 

Figure 2 I n t e r i o r  view, west s i d e  looking 
south,  (D,E.D. photo)  







FIGURE 5 METEOROLOGICAL RECORDS 
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FIGURE 12 

T R I A L  C O N D I T I O N  

ROOM AIR T E M P E R A T U R E  DISTRIBUTION,  4 P.M. 9 FEB. 51 
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ROOM AIR T E M P E R A T U R E  D ISTRIBUTION,  4 P.M. 6 FEB. 51 



DAILY VOLUME OF COMBUSTION A I R  VS. DAILY FUEL 

CON SUMPTIOM 
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FIGURE 16 FUEL AND ELECTRICITY CONSUMPTION 








