
TRANSIENT HEAT FLOW IN PIGGERY FLOORS
by

F. V. MacHardy
Member C.S.A.E.

Agricultural Engineering Department, University of Alberta, Edmonton, Alta.

Introduction would be most accurately described
by the second possibility.

Interest is increasing in cleaning J L
piggery floors by means of high pres
sure water jets. For most successful
operation of this system, bedding
should be eliminated. The question
then arises as to the most suitable

flooring material.

With this overall problem in mind,
research was undertaken at the Uni

versity of Alberta to determine the
nature of the heat transfer taking
place from pigs lying on unheated
floors into and through the flooring
material.

Theory

Fourier's Law for unidirectional

conduction of heat states that the

instantaneous rate of heat flow dQ/d(9
is dependent upon the three factors,
area A, temperature gradient dt/dx
and a factor called the thermal con

ductivity k. Expressed mathematic
ally:

A9:
dO

- kA
dt

"dx~ (1)

Equation (1) is general and may be
applied both when the temperature
at any point remains constant, and
when the temperature at a point
varies with time. The process of heat
flow in a case in which temperature
varies with both time and position
is called unsteady state conduction,
and problems dealing with this state
are referred to as problems in tran
sient flow.

The problem at hand, that of a
pig lying down on an unheated sleep
ing floor, is clearly, initially at least,
a problem in transient flow.

In calculations dealing with tran
sient flow in slabs, there are two gen
eral possibilities. The first is that the
surface temperature of the slab im
mediately assumes the temperature
of the contacting heat source, in other
words, the surface coefficient of heat
transfer h has an infinitely large
value. The second possibility is that
the surface coefficient is a controlling
factor, and the surface temperature
does not immediately assume the
temperature of the contacting heat
source. It was anticipated that heat
transfer from the pigs into floor slabs
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Figure I.

A complete treatment of the dif
ferential equations for transient heat
flow, together with their analytical
solutions, are contained in McAdams
(1). A number of writers have plotted

solutions to transient flow problems
making use of dimensionless ratios.
This approach enables problems to be
solved without becoming involved
with the intricacies of the mathe

matical manipulations required for
analytical solutions. Figure 1 illus
trates a Hottel (2) Chart for obtain
ing the surface temperature of large
slabs in terms of three dimensionless

ratios:

1.) An unaccomplished tempera-
, .. (ta - ts)

ture change, Y — 4 A—6 (ta - tb)

2.) A relative time,
X = ^0 = k 0

rni2 /ocprm2

3.) A resistance ratio,
m = Rs = k

Rm rmh

where

A Area through which heat flows
at right angles, square feet

cp Specific heat of solid, Btu/ (lb)
(deg F)

h Coefficient of heat transfer be

tween surroundings at ta and
surface at ts, Btu/ (hr) (sq ft)
(deg F)

k Thermal conductivity of solid,
Btu/(hr)(sq ft) (deg F per ft)
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rm Normal distance from midplane
to surface in feet. For the case

of a slab heated from one side
rm is the total thickness of the

slab in feet.

ta Temperature of surroundings,
deg F.

ts Temperature of surface of slab,
deg F.

tb Original uniform (base) tem
perature of solid, deg F.

</> Time, from start of heating or
cooling, hours

pep

p Density of solid, pounds per
cubic foot

Proposition

The direct substitution of known

values for the physical properties of
any slab and a known value for the
surface coefficient into the dimen

sionless ratios of Figure 1 will yield
slab surface temperatures. This re
search project utilized the conjunct
relationship: by measuring surface
temperatures, and combining these
with the known physical properties
of the floor slab, it was anticipated
that the nature of the heat source

would be revealed. Specifically, it
was hoped that a value for surface
coefficient would be obtained. This

would in turn enable engineers to
consider pigs as simply being an iso
thermal heat source exhibiting a
known surface coefficient.

Test Apparatus and Procedure

The Department of Animal Sci
ence, University of Alberta, generous
ly made available three pens in one
of their piggeries for an investigation
of this heat flow problem.

Sleeping platforms, 5' x 8' x 3"
thick were built into the pens. Ma
terials were: sand and gravel concrete,
concrete with expanded shale aggre
gate, and, concrete consisting of 1:1
mixture of Portland cement and ver-

miculate. Thermocouples were in
stalled in the sleeping platforms at
the time of construction. Four ther-



mocouples were located flush with
the concrete surface and two were
located at the bottom of each slab. It
was considered that the thermo

couples at the surface would measure
the temperature of the junction be
tween the slab and a pig whenever a
pig lay directly on one of the couples.
The leads from the thermocouples
were connected to a variable-span 12
point recorder.

Two series of tests were made, one
recording surface and base temper
atures of two slabs simultaneously,
while for the other test surface tem

peratures of all three slabs were re
corded simultaneously. Throughout
the tests no bedding was used on the
floor slabs and from three to five

hogs, each approaching market
weight, were kept in the pens. This
number of hogs together with the
limited size of the sleeping platforms,
insured a reasonable incidence of con

tact between the hogs and the thermi-
couples.

Results

Time In Hours

Figure 2.

Figure 2 shows a curve of surface
temperature obtained from the re
corder when a pig laid down on a
thermocouple located on the surface
of the 1:1 vermiculate slab.

From this figure it is obvious that
the surface temperature did not im
mediately assume the normal body
temperature of the pig. The rise from
the slab base temperature over a
period of time indicates a heat flow
condition where boundary layer is an
important factor. The second state of
transient flow must then apply: that
with surface resistance controlling.
Data from this temperature curve
were combined with the physical
characteristics of the slab, and the
theoretical relationships plotted in
Figure 1, to reveal the nature of heat
flow from the pig into the sleeping
floor. Referring to Figure 1 the value
of X was obtained by combining time
values from Figure 2 with the physi

cal properties of the slab. The value
of Y was obtained by combining the
temperature data from Figure 2 with
the normal body temperature of hogs.
With values of X and Y available, in
tercepts on Figure 1 gave a value for
m. From m in turn, a value for h the
surface coefficient was derived. The

appendix shows the calculations
which were carried out to arrive at a

numerical value for h. The value ob

tained was:

h 1.5 btu/fr" hr °F

Conclusions

The method developed here may
serve to reduce the physiological phe
nomena associated with heat dissipa
tion from animals to terms more

readily handled by engineering meth
ods.

Further investigation is required to
determine the value of surface coef

ficients over a range of ambient tem
peratures, and to attempt to fix these
values accurately in certain ambient
temperature ranges.

Flaving done this, a suitable stan
dard for flooring materials could be
established. A suitable standard would

appear to be that heat loss to the
flooring material per unit contacting
area should not exceed heat loss to

the surroundings from a standing ani
mal under conditions of thermoneu-

trality.

APPENDIX

To obtain h

Vermiculite concrete, 1:1 mix
rm = 14 ft.
k = 0.167 btu/hr ft °F
cP = 0.20 btu/lb °Ft

P = 75 lb/ft.a

Substituting for X in Figure 1

0T67 X 1/2
75 X0.20X(i4)s
= 0.089

X(0 = 14) — 0.045
X(6 — i/8) = 0.025

From recorder chart, Figure 2

Y(* = K) , I01"82

x (e = 14)

Y(6 ---. y4
Y(* = V8)

From Figure
X and Y

m = 0.45

from which

h = 1.5

Theoretical time vs. surface tem
perature curve for sand and gravel
concrete

14)

100 - 64

= 0.53

= 0.61

= 0.75

for there values of

14

Using h = 1.5

m = 2.56

and rm = 1/4 ft
k = 1.0 btu/i't hr °F

cp = 0.20 btu/lb °F

p = 150 lb/ft.3

from which values of X may be ob
tained, and, from X and m, values
of Y, solving:

ts (9 =3 0) = 64 °F
ts (9 == i/8)= 68.5 °F
U (9 == 14)= 70.5 °F
t: (9 == i/9)= 72.5 °F
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the material play an important part.
These properties seem not to have
been extensively investigated though
acurate knowledge of them is essen
tial for systematic design of hoppers
and mechanical conveyors, and if
similarity principles, which are so im
portant in such fields as fluid flow
and heat transfer, are to be applicable
in solid-particle transport. Thus, pro
perties including particle dimension,
densities, a variety of friction factors
and drag coefficients, should be evalu
ated with attention to the effect of
such variables as moisture content.
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APPENDIX C

Capital Cost
Auger bunk feeder $1,427.50
Unloading wagon system 583.00
Hand feed cart system .... 423.00

Operating Cost Per year

Auger bunk feeder 7.50
Unloading wagon 24.00
Feed Cart 0.00

I.) Pay-off period for auger vs.
unloading wagon:

(1427.50 - 583.00)
= 57.5 years

( 24.00 - 7.50)
2.) Hand cart vs. onloading wagon

The hand cart system, having both
a lower first cost and operating cost,
is clearly indicated as the best selec
tion.

APPENDIX D

Capital Cost
Self feeder

Continued from page 16

economic advantage of such a pro
gram. If the economics are not fav
orable, then inducements must be
added, possibly through construction
or financial aid. This is another por
tion of the program that will require
a great number of years to accom
plish.

Research activities must keep
abreast or ahead of watershed devel

opment work. The development of
techniques and methods and the com
pilation and analysis of research in
formation will need priority in an
adequate program of water use and
conservation.

Experience has shown that there
are two distinct phases to a water
development program, the engineer
ing and the agronomic which must be
brought together. It is virtually im
possible to deal with watershed de
velopment or with research in hydro
logy solely in terms of one or the
other. Close co-operation is required
to develop to the fullest the poten
tials of any watershed. Satisfactorily
designed structures are but half the
job, compatable crops and cropping
practices are necessary to complete
the picture. It is only through such
co-operation that the project econ
omics can become favorable.

Modifications to 3 existing
portable granaries $ 300.00

Feed cart system
(Appendix C) 423.00

Net capital cost favoring
self feeder 123.00

Yearly Feed Costs
Limited feeding system

Grain (Appendix B) 3,865.00
Roughage 112 Tons*

at $17.50/Ton .../.... 1,960.00

$5,825.00
Self feeding system

Grain (Appendix B) 4,625.00
Roughage 82 Tons (1)
at S17.50/Ton 1,435.00

$6,060.00
Net feed cost favoring

limited feeding 235.00
Pay-off period 123

= i/2 year
235

For additional comparisons:
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1.) for unloading wagon

Pay-off period —
(583 - 300)

= 1.35 years
(235 - 24)

2.) for auger bunk feeder

Pay-off period =
(1,427.50 - 300)

= 4.95 years
( 235 - 7.50)
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