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Engineering cons t ruc t  ion i n  Northern Canada in t roduces  
var ied  t e c h n i c a l  problems t h a t  n e c e s s i t a t e  modif ica t ion  of 
many s tandard engineer ing  techniques, This paper d e a l s  wi th  
one aspec t  01 these ,  the p r o t e c t i o n  from f r e e z i n g  o r  sewage 
e f f l u e n t  pipe : r e  

This  a n a l y s i s  of the hea t  t r a n s f e r  c h a r a c t e r i s t i c s  
of exposed sewer p ipes  was made by the  Divis ion  of Building 
Research i n  response t o  an i n q u i r y  from the Department of 
Transport ,  I t  i s  thought t h a t  t h e  r e s u l t s  may be of i n t e r e s t  
t o  o t h e r s  concerned w i t h  c o n s t r u c t i o n  and opera t ion  of 
f a c i l i t i e s  i n  the n o r t h  of Canada. 

The author  i s  a  member of t h e  Building Serv ices  Sec t ion  
of the  Divis ion  of Building Researoh, wi th  s p e c i a l  i n t e r e s t  i n  
thermal f low probloms, H i s  work on t h i s  problem i l l u s t r a t e 8  
t h e  way i n  whioh t h e  b u i l d i n g  scienoe s e c t i o n s  of t h e  Divis ion  
of Building Research serve the  s e c t i o n s  which a r e  more 
concerned wi th  the p r a c t i c e  0.f' b u i l d i n g  such a s  t h e  Northern 
Sect ion  which d e a l s  wi th  a 11 quest;ions of nor thern  buj.ld5.ng 
coming t o  the  Divis ion,  

Ottawa 

A p r i l  1959 
R,F, Legget 
Di rec to r  



DESIGN O F  ICXPOSED SEWER PIPES FOR 

INTERMITTE3l'T USE UNDER FREEZITJG C ONLjIT IONS 

by 

D,G, Stephenson 

In  many l o c a t i o n s  i n  nor the rn  Canada, t h e  presence 
of permafrost  r e q u i r e s  sewage e f f l u e n t  p ipes  from bu i ld ings  
t o  be loca ted  above grade where they a r e  exposed t o  ambient 
a i r  temperature.  Fince t h e  a i r  temperature i s  wel l  below 
3 Z ° F  f o r  s e v e r a l  months each year ,  i t  i s  necessary t o  
p r o t e c t  aga ins t  f r eez ing .  Experience has suggested t h a t  
t h i s  can be done a t  m i n i m  c o s t  by des igning  f o r  i n t e r -  
m i t t e n t  f low through t h e  p ipe  u t i l i z i n g  a  siphon method of 
d i scharge  from t h e  sewage c o l l e c t i o n  tank. This  paper 
analyzes t h e  hea t  t r a n s f e r  s i t u a t i o n  and shows how an  
exposed pipe may be designed f o r  i n t e r m i t t e n t  use  so  t h a t  
i c e  w i l l  not r e s t r i c t  t h e  flow. 

The s tudy c l e a r l y  shows t h a t  t h e  p ipe  should have 
a s  t h i n  a  wal l  a s  p o s s i b l e ,  t h a t  i t  should be made of a  
m a t e r i a l  with a  low heat  capac i ty ,  and t h e  nutpber of g a l l o n s  
of l i q u i d  flowing during a  siphon cycle  should be a s  l a r g e  
a s  poss ib le .  I f  t h e  minimum requ i red  i n l e t  temperature t o  
prevent  f r e e z i n g  i n  a bare  p ipe  i s  so high t h a t  t h e  sewage 
must be heated,  t h e  economics of adding i n s u l a t i o n  should 
be  s tudied .  



To determine t h e  optimum pipe diameter ( D )  and 
t h e  requi red  sewage i n l e t  temperature,  i t  i s  necessary t o  
c a l c u l a t e  t h e s e  f o r  each s p e c i f i c  case.  The optimum 
diameter  f o r  a  sewer p i p e  exposed t o  f r e e z i n g  cond i t ions  
can be c a l c u l a t e d  by t h e  fol lowing.  

The r e q u i r e d  i n l e t  temperature f o r  sewage i s  

32 + B+C OF 

where 

Figures  1 and 2 g i v e  a l l  t h e  powers of o< and D 
which a r e  needed f o r  t h e s e  c a l c u l a t i o n s .  The s i m p l i c i t y  
of t h e  des ign  procedure i s  shown i n  Appendix A. Figure A 1 
shows t h e  s e n s i t i v i t y  of t h e  r equ i red  i n l e t  temperature t o  
v a r i a t i o n s  i n  p ipe  diameter .  



V = veloci ty ( f t / h r )  

Q = acce le ra t ion  of g rav i ty  = 4.17 x 10' (f t /hr2)  

X = di f fe rence  i n  height of pipe between i n l e t  
and o u t l e t  ( f t )  

L = l eng th  of pipe ( f t )  

D = ins ide  diameter of pipe ( f t )  

f = f r i c t i o n  f a c t o r  = 0 , 3 4 / ( ~ e )  
0.26 

Re = Reynolds number = v.D/~ 

2) = Kinematic v i s cos i ty  ( f t L / h r )  

= absolute v i s cos i ty  ( l b / f t  h r )  

N = volume discharged i n  one siphon cycle (ga l lons )  

t = time taken t o  discharge N gal lons  ( h r )  

Mu 
haD 

= Nusselt number = 

Pr 
c .A  = Prandt l  number = 

2 
hi 

= heat t r a n s f e r  coe f f i c i en t  ins ide  pipe (Btu/ft  hr  FO) 

2  
ho 

= heat t r a n s f e r  coef f ic ien t  outs ide  pipe ( ~ t u / f t  h r  FO) 

k = thermal conductivi ty of f l u i d  ( ~ t u / f t  h r  FO)  

c = spec i f i c  heat  of f l u i d  ( ~ t u / l b  FO) 

-A = outs ide  a i r  design temperature (OF) 

B = sewage o u t l e t  temperature -32 ( F O )  

C = sewage-inlet  temperature o(32-t-B) (FO)  

A = th ickness  of pipe wall  ( f t )  

S = volumetric spec i f i c  heat of pipe mate r ia l  (Btu/ft3 FO) 



DESIGN RQSJATIONS 

It i s  assumed t h a t  t h e  flow through t h e  p ipe  i s  i n t e r -  
m i t t e n t  and t h a t  between the  t imes when flow occurs  t h e  p ipe  
w i l l  cool  t o  an ambient a i r  temperature below f reez ing .  Thus 
when sewage s t a r t s  t o  f low down t h e  p ipe  i t  w i l l  f i r s t  form a 
l a y e r  of i c e  on t h e  i n s i d e .  The l a t e n t  heat  given up by t h i s  
f r e e z i n g  w i l l  r a i s e  t h e  temperature of t h e  p ipe  t o  3 2 ' ~  and it 
w i l l  remain a t  t h i s  temperature u n t i l  t h e  i c e  i s  melted. The 
r a t e  a t  which mel t ing  w i l l  occur depends on t h e  d i f f e r e n c e  
between t h e  hea t  t r a n s f e r  from t h e  l i q u i d  t o  t h e  p ipe  and t h e  
heat  l o s s  from t h e  p ipe  t o  t h e  atmosphere. The amount of i c e  
formed t o  begin  wi th  depends on t h e  heat-s torage capac i ty  of 
t h e  p ipe  and t h e  d i f f e r e n c e  between t h e  ambient a i r  temperature 
and +3Z°F. To ensure t h a t  i c e  w i l l  not accumulate i n  t h e  p ipe  
i t  i s  necessary t h a t  t h e  flow cont inue long enough t o  melt a l l  
t h e  i c e  t h a t  forms i n i t i a l l y .  

Ca lcu la t ion  of Flow Veloci ty  and Reynolds Number 

The average v e l o c i t y  f o r  a  l i q u i d  flowing through a  
s loping  p i p e  of l e n g t h  L with  a  t o t a l  drop of X i s  given by: 

S ince  t h e  f r i c t i o n  f a c t o r  i s  only s l i g h t l y  dependent on 
v e l o c i t y ,  V can be c a l c u l a t e d  approximately by assuming a  
va lue  of f ,  say 0.02, and then  u s i n g  t h e  va lue  of V t o  c a l c u l a t e  
t h e  Reynolds number and a  va lue  of f .  This  more accura te  va lue  
of f  w i l l  t h e n  g ive  a  more a c c u r a t e  va lue  of V and t h e  process  
may be repeated  a s  o f t e n  a s  necessary.  It i s  u s u a l l y  not  
necessary t o  r e p e a t  t h e  c a l c u l a t i o n  more t h a n  once. 

The time i n  hours  needed t o  d i scharge  N g a l l o n s  of 
sewage i s  found from 



(:nlclil  a t i o n  of T-Seal; 'l'ransf e r  C o e f f i c i e n t  f o r  F l u i d  
K r X e  - fieat - 't 'ransfer- 

In almost a l l  p r a c t j - c a l  c a s e s  t h e  f low Fieynolds number 
w i l l  exct.ed 5000 and t h e  f low cnn be assumed t u r b u l e n t .  For 
t i ~ r b u l  e n t  f low t h e  heat  t r a n s f e r  coefficient i s  r e l a t e d  t o  t h e  
f low c o n d i t i o n s  and t h e  f l u i d  p r o p e r t i e s  by t h e  fo'llowlng 
d imens ionless  equa t ion :  

F'or water  near  t h e  f r e e z i n g  tempera ture ,  

0.021 (He) 0.8 
D 

Yeat Loss from Pipe t o  Atmosphere 

F'or a 30-mph wind blowinfj a c r o s s  t h e  p i p e ,  t h e  out  i d e  
heat t r a n s f e r  c o e f f i c i e n t  i s  ap-proxinlatoly ho = 1s l3tu/ft3 hr FO. 
When sewage s t a r t s  t o  f low through a p i p e  a t  a  t empera ture  
below 32°F a l a y e r  of  i c e  w i l l  form on t h e  i n s i d e  of t h e  p i p e  
and t h e  p i p e  tempera ture  w i l l  very  r a p i d l y  r i s e  t o  +3Z0F. 
Thus t h e  hea t  t r a . n s f e r  t o  ~ n d  filom tlie p i p e  can be c a l c u l a t e d  
assuming t h a t  t h e  p i p e  i s  alwuys a t  32'F. 

C a l c u l a t i o n  of Sewage Teinperaturc 
Z t t T e t  End of  Pipe 

It i s  assumed t h a t  t h e  ambient a i r  t empera ture  i s  -A°F 
and t h e  tempera t ine  of t h e  sewage when it l e a v e s  t h e  p i p e  i s  
(32+~)*F. A h e a t  ba lance  on u n i t  l e n g t h  of p ipe  l e a d s  t o :  

For t h i n  wal led p ipe ,  a (( D so t h a t  



' J 1 l ~ i , ~  eql~nt;ion can be used t o  c a l c i ~ l a t e  I3 when t h e  
o t h e r  quant;i.tics a r e  npeciQ:f ed. 

The tcmperaturc of t h e  f l u i d  drops a s  It moves along 
t h e  p ipe .  '.:lo cal -cula te  t h e  exact  f l i i id  temperature a t  any 
p o s i t i o n  and f o r  any time dur ing  t h e  i n i t i a l  t r a n s i e n t  is a 
v e r y  complicated problem. The requi red  I n l e t  temperature,  
however, can be estimated as fol lo~. \ rs ,  

Ass~~rne i n l e t  temperature t=, be 32+B+C so t h a t  t he  
heat, given up by t h e  f l u i d  equals  

Therefore 
q .  U .  L (32+A) ( A  . 3 + h,. t )  . ( 6 )  

C: = 
10 . N 

When equatj-ons ( 5 )  and ( 6 )  =we added and equ.ation 
( 2 )  i s  used t o  e l iminate  t it, gives  

I f  hi ? s  replaced by t h e  equivalent  expression i n  equat ion (4), 



V c a n  be  expressed i n  t e r m s  of' 1) and o t h e r  co r l s t an t s  by 
comt~ininlr, eq l l a t ion  (1) rind t h e  e x p r e s s i o n  f o r  f  

where 

i ! ' r~us t ions  ( 7 )  and ( 8 )  can  be cornbin.od t o  g t v e  

If eq l la t ion  ( 9 )  i s  d i f f e r e n t i a t e d .  wi.tt-1 r e s p e c t  t o  D and t h e  
r l e r l v a t l v e  of  t h e  1-ight s l d e  s o t  equal. t o  ze ro ,  i.t g i v e s :  



Equat ion  ( 1 0 )  can be solved g r a p h i c a l l y  f o r  t h e  
optimum p ipe  diameter .  T h i s  va lue  of D i n  equa t ion  ( 9 )  
g i v e s  the  minimum va lue  o f  B + C .  

When t h e  minimum r e q u i r e d  i n l e t  t empera ture  f o r  
a  b a r e  p i p e  i s  so  h i g h  t h a t  t h e  sewage must be  hea ted ,  
t h e  economics of adding i n s u l a t i o n  should b e  s tud ied .  
Adding i n s u l a t i o n  i s  e q u i v a l e n t  t o  reduc ing  h, and w i l l  

reduce  t h e  optirn~lm d iameter  as w e l l  a s  t h e  r e < u l r o d  sewage 
i n l e t  t empera ture .  
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FIGURE 2 

POWERS OF D USED IN THE CALCULATION 



SAMPLE CALCULATION 

Data: Outside a i r  des ign  temperature -5O0F 

Length of exposed p ipe  550 f t  

Slope of p ipe  0.7% 

Volume f low each siphon cycle  300 g a l l o n s  

Problem: What s tandard p ipe  i s  b e s t  s u i t e d  
f o r  t h i s  s i t u a t i o n  and what temperature 
must t h e  sewage have a t  t h e  p ipe  ent rance?  

Solut ion:  For t h i s  type of i n s t a l l a t i o n  t h i n  walled 
aluminum pipe  i s  much b e t t e r  than  n n s t  
i r o n  or  s t e e l  p ipe  because of i t s  low 
volumetr ic  s p e c i f i c  hea t  (S = 35 ~ t u / f t 3  F*) 

A s  sume = 0.134 i n .  

= 0.059 r t 2 / h r  

Then .- = .* x = 0.0013 

Therefore 

Solving f o r  D when R.H.S. Eq.(lO) = zero 

So, t h e  optimum pipe  diameter i s  approximately 0.b-5 f t .  

For D = 0.4.5 f t .  



Sewage i n l e t  temperature i s  32 + B + C = 53.9 F0 



- iii - 

Theref ore 

Figure A 1 shows how t h e  required sewage i n l e t  ternpera- 
t u r e  va r i e s  with t h e  pipe diameter f o r  t he  condit ions 
speci f ied  i n  t h i s  problem. I f  the  sewage i s  normally a t  a 
temperature above t h e  minimum, t h i s  graph shows the  range of 
pipe diameters which w i l l  be i c e  f r e e  f o r  t h e  speci f ied  con- 
d i t  ions. 




