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as possible in at least two outside walls, and that the total area of such 
: openings shall be equivalent to at least 5 per cent of the floor area. The 

code further states that where it is impractical to operate such a system 
of natural ventilation, a mechanical system shall be used which shall 
provide for either the supply of 1 cu ft of air per minute from out-of-doors 
for each square foot of-floor area, or for removing the same amount and 
discharging it to' the outside as a means of flushing the garage.4
Research

Research on garage ventilation, undertaken by the A.S.H.V.E. Com­
mittee on Research at Washington University, St. Louis, Mo., and at the 
University of Kansas, Lawrence, Kans., in cooperation with the A.S.H. 
V.E. Research Laboratory, and at the A.S.H.V.E. Research Laboratory, 
has resulted in authoritative papers on the subject.

Some of the conclusions from work at the Laboratory are listed in the 
following statements:

1. Upward ventilation results in a lower concentration of carbon monoxide at the 
breathing line and a lower temperature above the breathing line than does downward 
ventilation, for the same rate of carbon monoxide production, air change and the same 
temperature at the 30-in. level.

2. A lower rate of air change and a smaller heating load are required with upward 
than with downward ventilation.

3. In the average case upward ventilation results in a lower concentration of carbon • 
monoxide in the occupied portion of a garage than is had with complete mixing of the 
exhaust gases and the air supplied. However, the variations in concentration from 
point to point, together with the possible failure of the advantages of upward ventilation 
to accrue, suggest the basing of garage ventilation on complete mixing and an air change 
sufficient to dilute the exhaust gases to the allowable concentration of carbon monoxide.

4. The rate of carbon monoxide production by an idling car is shown to vary from 
25 to 50 cu ft per hour, with an average rate of 35 cu ft per hour.

5. An air change of 350,000 cu ft per hour per idling car.is required to keep the carbon
monoxide concentration down to one part in 10,000 parts of air. ‘ ,
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CHAPTER 43

Steam Distribution Piping, Selection of Pipe Sizes, Provision 
for Expansion, Conduits for Piping, Pipe Tunnels, Inside 
Piping, Steam Requirements, Fluid Meters and Metering, 

Rates, Utilization, Automatic Temperature Control

THOSE phases of district heating which frequently fall within the 
province of the heating engineer are outlined here with data and 
information for solving incidental problems in connection with institutions 

and factories. Some data are included to cover the piping peculiar to 
heating systems which are to be supplied with purchased steam. A com­
plete district heating installation should not be attempted without. a 
thorough study of the entire problem by men competent and experienced 
in that industry.

STEAM DISTRIBUTION PIPING

The methods used in district heating work for the distribution of steam 
are applicable to any problem involving the supply of steam to a group of 
buildings. The first step is to establish the route of the pipes, and in this, 
matter the local conditions so fully control the layout that little can be 
said regarding it.

Having established the route of the pipes, the next step is to calculate 
the pipe sizes. In district heating work it is common practice to design 
the piping system on the basis of pressure drop. The initial pressure and 
the minimum permissible terminal pressure are specified and the pipe 
sizes are so chosen that the required amount of steam, with suitable 
allowances for future increases, will be transmitted without exceeding 
this pressure drop. The steam velocity is therefore almost disregarded 
and may reach a very high figure. Velocities of 35,000 fpm are not con­
sidered high. By the use of this method the pipe sizes are kept to a 
minimum with consequent savings in investment.

The steam flowing through any section of the piping can be computed 
from a study of the requirements of the several buildings served. In 
general a condensation rate of 0.25 lb per hour pier.square foot of equiva­
lent heating surface is a safe figure. This allows for line condensation 
which, however, is a small part of the total at times of maximum load. 
Miscellaneous steam requirements such as laundry, cooking, or process 
should be individually calculated.

The steam requirements for water heating should be taken into account, 
but in most types of buildings this load will be relatively small compared 
with the heating load and will seldom occur at the time of the heating- 
peak. Unusual features such as large heaters for swimming pools should 
not be overlooked.

The pressure at which the steam is to be distributed will depend upon 
(1) boiler pressure, (2) whether exhaust or live steam, (3) pressure require­
ments of apparatus to be served. If steam has been passed through 
electrical generating units, the pressure will be considerably lower than if 
live steam, direct from the boilers, is used.

The advantages of low pressure distribution (2 to 30 psi) are (1) smaller 
heat loss per square foot of pipe surface, (2) less trouble with traps and 
valves, (3) simpler problems in pressure reduction at the buildings,- and


