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Unit I Engineering System

Lesson 1 Heating Systems

Part I Text

There are many types of heating systems; forced-air, hot water, radiant, infrared, and unit

heaters. Sources of heat may be classified by types of fuels

oil, gas, or electric. Gas and oil sys-
tems include forced-air, hot water, and unit heaters. Electric systems consist of infrared and radiant
systems.

Types of Heating Systems

According to EIA Commercial Buildings Characteristics 1992, for the 57. 8 billion ft* of heated
commercial buildings in the United States in 1992, the following types of heating systems were
used ; A

Warm air heating systems using warm air furnace 27%

Hot water heating systems using boilers 33%

Heat pumps 13%

District heating 8%

Individual space heaters and others heaters 19%

Modera (1989) reported that nearly 50% of U. S. residential houses are using warm air heat-
ing systems with direct-fired warm air furnaces.

Warm Air Furnaces

A warm air furnace is a device in which gaseous or liquid fuel is directly fired or electric re-
sistance heaters are used to heat the warm supply air. ' Natural gas, liquefied petroleum gas
(LPG), oil, electric energy, or occasionally wood may be used as the fuel or energy in-
put. Among these, natural gas is most widely used. In a warm air furnace, the warm air flow could
be upflow, in which the warm air is discharged at the top, as shown in Figure 1.1 (a) and
(b) ; downflow, with the warm air discharged at the bottom; or horizontal flow, with the warm
air discharged horizontally.

Hot Water Boilers

Types of Hor Water Boilers. A hot water boiler is an enclosed pressure vessel used as a heat
source for space heating in which water is heated to a required temperature and pressure without
evaporation. > Hot water boilers are fabricated according to American Society of Mechanical Engineers
(ASME) codes for boilers and pressure vessels. Boilers are generally rated on the basis of their gross
1



output delivered at the boiler’ s outlet. Hot water boilers are available in standard sizes from 50 to
50,000 MBuw/hr (1 MBtw/hr =1000 Btuw/hr) .

Vent Warm air  Combustion air
Warm air T O M
: £
A Vent Primary '
pipe heat
exchanger ~ Burner
Clamshell l S d
heat Relief ~ D¢condary
exchange | Jopening  (condensing)
[ heat — Vent
exchanger P_> pipe
Flame — : /-Burner \
Indyced
draftFn

Fan h Filter ~ Recirculating
fan

NO) e

4 ™ Filter

(a) (b)

Fig. 1.1 Upflow warm air gas furnace

(a) a natural-vent gas furnace; (b) a power-vent high-efficiency gas furnace

According to EIA Characteristics of Commercial Buildings (1991), the percentages of floor area
served by different kinds of fuel used in hot water and steam boilers in 1989 in the United States are
gas-fired, 69% ; oil-fired, 19% ; electric, 7% ; others, 5%.

Hot water boilers can be classified as low-pressure boilers, whose working pressure does not ex-
ceed 160 psig and working temperature is 250°F or less, and medium- and high- pressure boilers,
whose working pressure is above 160 psig and working temperature above 250 °F. Most of the hot wa-
ter boilers are low- pressure boilers except those in campus-type or district water heating systems.

Based on their construction and material, hot water boilers can be classified as fire tube boil-
ers, water tube boilers, cast-iron sectional boilers, and electric boilers. Water tube boilers are used
mainly to generate steam. Cast-iron sectional boilers consist of many vertical inverted U-shaped cast-
iron hollow sections. They are lower in efficiency and used mainly for residential and small commer-
cial buildings. Electric boilers are limited in applications because of their higher energy cost in many
locations in the United States.

Low-Pressure Warm Air Heating Systems

A low-pressure warm air heating system is often equipped with an upflow gas-fired furnace hav-
ing a furnace heat capacity Q; to air flow ratio V,, Q./V,, of 50 to 70 Btw/hr. cfm and a tempera-
ture rise immediately after the furnace of 50 to 70 °F. * The supply temperature differential (7, —T,)
is often 20 to 35 °F. The heating system is often integrated with a cooling system, ‘forming a heating/
cooling system.

Low- pressure warm air heating systems usually have a heating capacity not exceeding 100,000
Btu/hr. They are often used in residences and sometimes in small commercial buildings.

Low-Temperature Hot Water Heating System Using Fin- Tube Heaters

In a low-temperature hot water heating system, the operating temperature is 25 °F or less with a



maximum working pressure not exceeding 150 psig, usually less than 30 psig. Low- temperature hot
water heating systems are widely used for space heating in residences and commercial buildings.

Fin- Tube Heaters. A fin-tube heater is a device installed directly inside the conditioned space to add
heat to the space through radiant and convective heat transfer. A fin-tube heater consists of a finned-tube
element and an outer casing as shown in Figure 1.2 (a) . The tubes are often made of copper and
steel. Copper tubes are generally 0.75, 1, and 1.25 in. in diameter and steel tubes 1.25 and 2 in. in
diameter. The fins are usually made of aluminum for copper tubes and of steel for steel tubes. Fin density
may vary from 24 to 60 fins per foot. A fin heater may have a maximum length of 12 fi. The outer casing of
a finned-tube heater always has a bottom inlet and top outlet for better convection.

| =
>
Tools -
‘ ®
(€:)]
" Assembling Workshop
3 - Thermostat
@ —_— @ o  On-line circulating pump
@ R Control valve
db db —== Finned-tube heater
0 — Supply
v ---= Return
I = ® North
m @ {m @ South
-E'%—_—_——_*zﬁ— B — @ East
) @) West
@ Interior

Fig. 1.2 A two-pipe individual-loop low-temperature hot water heating system
(a) finned-tube heater; (b) piping layout

Two- Pipe Individual- Loop Systems. Current low- temperature hot water heating systems using
finned tube heaters are often equipped with zone controls. Zone controls can avoid overheating rooms
facing south and under heating rooms facing north because of the effects of solar radiation.

Figure 1.2 (b) shows the piping layout of a two-pipe individual-loop system that is widely used
in low-temperature hot water heating systems. Two-pipe means that there are a supply main and a re-
turn main pipe instead of one common main for both supply and return. Individual-loop means that
there is an individual loop for each control zone. Several finned-tube heaters in a large room can be
connected in series, while finned-tube heaters in several small rooms can be connected in reverse
return arrangement.

The sizing of low-temperature hot water pipes is usually based on a pressure drop of 1 to 3 ft per
100 ft of pipe length. For a small low-temperature hot water heating system, an open-type expansion
tank is often used. A diaphragm tank is often used for a large system. On-line circulating pumps with
low head are often used.

Part Load and Control. Usually a hot water sensor located at the exit of the hot water boiler is
used to control the firing rate of the boiler at part-load operation. Its set point is usually reset accord-

3



ing to the outdoor temperature. Zone control is provided by sensing the return hot water temperature
from each individual loop or zone and then varying the water volume flow rate supplied to that zone
by modulating the speed of each corresponding on-line circulating pump or its control valve. * For hot
water heating systems using multiple boilers, on and off for each specific boiler depend not only on
the heating demand, but also on minimizing the energy cost.

Infrared Heating

Infrared heating is a process that uses radiant heat transfer from a gas-fired or electrically heat-
ed high temperature device to provide space heating on a localized area for the health and comfort of
the occupants or to maintain a suitable indoor environment for a manufacturing process. °

An infrared heater is a device used to provide infrared heating. Heat radiates from an infrared
heater in the form of electromagnetic waves and scatters in all directions. Most infrared heaters have
reflectors to focus the radiant beam onto a localized area. Therefore, they are often called beam ra-
diant heaters. Infrared heaters are widely used in high-ceiling supermarkets, factories, warehouses,
gymnasiums, skating rinks, and outdoor loading docks.

Gas Infrared Heaters. Infrared heaters can be divided into two categories: gas and electric infrared
heaters. Gas infrared heaters are again divided into porous matrix gas infrared heaters and indirect gas in-
frared heaters. In a porous matrix gas infrared heater, a gas and air mixture is supplied and distributed e-
venly through a porous ceramic, a stainless steel panel, or a metallic screen, which is exposed to the
ambient air and backed by a reflector. Combustion takes place at the exposed surface with a maximum
temperature of about 1600°F. An indirect infrared heater consists of a burner, a radiating tube, and a re-
flector. Combustion takes place inside the radiating tube at a temperature not exceeding 1200°F.

Gas infrared heaters are usually vented and have a small conversion efficiency. Only 10% to
20% of the input energy of an open combustion gas infrared heater is radiated in the form of infrared
radiant energy. Usually 4 ¢fm of combustion air is required for 1000 Btu/hr gas input. A thermostat
often controls a gas valve in on-off mode. For standing pilot ignition, a sensor and a controller are
used to cut off the gas supply if the flame is extinguished.

Electric Infrared Heaters. An electric infrared heater is usually made of nickel-chromium wire or
tungsten filaments mounted inside an electrically insulated metal tube or quartz tube with or without
inert gas. The heater also contains a reflector that directs the radiant beam to the localized area requi-
ring heating. Nickel-chromium wires often operate at a temperature of 1200 to 1800°F. A thermostat
is also used to switch on or cut off the electric current. An electric infrared heater has a far higher
conversion efficiency and is cleaner and more easily managed.

Gas and electric infrared heaters should not be used in places where there is danger of ignitable

gas or materials that may decompose into toxic gases.

Part I New Words

radiant/"reidient/a. RIEH, BHEBHAE
infrared/'infra'red/ a. MR
hydronic//hai'dronik/a. BARTESR M (RBH) &
horizontal/ hori'’zontl/a. K[



vessel/'vesel/n.
evaporation/ {'veepareifen/n.
fabricate/'feebrikeit/v.
convective/ kan'vektiv/a.
copper/'kopa/n.
modulate/'madjuleit/v.
category/ 'keetigeri/n.

electromagnetic/ilektrau’'meegnitik/a.

thermostat/'8a:mastzet/n.
extinguish/iks'tingwif /v.
ignitable/ ig'naitebl/a.
decompose/ ditkam'pauz/v.
toxic/toksik/a.

natural gas

forced- air

heater

warm air heating system
warm air furnace

hot water heating system
heat pump

direct-fired warm air furnace
hot water boiler

steam boiler

liquefied petroleum gas (LPG)
fire tube boiler

water tube boiler

cast-iron sectional boiler
electric boiler

heating capacity

fin-tube heater

heat transfer

two- pipe individual-loop system
overheat

solar radiation

circulating pump

infrared heater

reflector

beam radiant heater
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A, AV, (%) M
Fh3s, K5, [(B] fug
LY

HEhARE, BERTERE

K, MK, E#l, BRREE, &F

GRAK, RN, SR
i, (fE) B
HEHN, TEH

Part I Phrases and Expressions
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porous matrix gas infrared heater IR IR IR

nickel-chromium wire Rk Bh

tungsten filament ay

quartz tube ARE
Part IV Notes

1. A warm air furnace is a device in which gaseous or liquid fuel is directly fired or electric re-
sistance heaters are used to heat the warm supply air.

[FEX] BRSB—MMRENBE, EEMESRAERS EEREE, SR
PR IRE <o

[43#87] A1 in which 5| HH 88 1E M A A1TiE & a device; gaseous or liquid fuel is di-
rectly fired J547#% T to heat the warm supply air,

2. A hot water boiler is an enclosed pressure vessel used as a heat source for space heating in
which water is heated to a required temperature and pressure without evaporation.

(3] RBoAKHFPR—FFRMEEMARRERNEHARNNE NS, BT SRR
TEEEEREATAT Rk,

[43#F] %) used as a heat source for space heating Fil in which 5|5 ) \ A B384 an en-

closed pressure vessel,

3. A low-pressure warm air heating system is often equipped with an upflow gas- fired furnace
having a furnace heat capacity Q; to air flow ratio V,, Q,/V,, of 50 to 70 Btu/hr. cfm and a temper-
ature rise immediately after the furnace of 50 to 70 °F.

[FX] RERRGHRREEERAPR2RIY, EHOERRSXRER HES 50 ~
70 Btw/hr. cfm, EFHRPEIBETLUAFR S0~70°F ,

[4#7] Fp3h4a18)51E having a furnace: - & an upflow gas-fired furnace,

4. Zone control is provided by sensing the return hot water temperature from each individual
loop or zone and then varying the water volume flow rate supplied to that zone by modulating the
speed of each corresponding on-line circulating pump or its control valve.

[FESC] X HRXAEHATH : fRaS RN TR 26 [ B sl KR T KR B, ARJF3H
o R R B IR e T A R R SR Y IR X R R PR K B

[4#r] FEiBER zone control, THIEREM B, is provided; sensing:--and then varying:-- &3
XFE, LFEEIRIE; supplied to that zone {EE G the water volume flow rate, by modula-
ting the speed-+-{E the water volume flow rate IR IE

5. Infrared heating is a process that uses radiant heat transfer from a gas-fired or electrically
heated high temperature device to provide space heating on a localized area for the health and com-

fort of the occupants or to maintain a suitable indoor environment for a manufacturing process.
[##3C] OAMRBRR MRS SRS E, E AT 5 ) R AT e —
R, EWLUOYEAEFRMMERE. FEREER, REREE TEERERFEY
B TAERRE
[43#7] F15R Infrared heating, HiER is, 152 a process; that uses-:-to provide:--or to
maintain--- X EIEMH], M a process,
6



Part V Exercises

Exercise 1 Answering the following questions according to the text.

1. Tell the kinds of the heating systems mentioned in the text.

2. In 1992, which kind of heating systerm was most widely used in commercial buildings in the

United States?

3. What does “two-pipe” mean in Two- Pipe Individual-Loop Systems?

4. What are the advantages of Electric Infrared Heaters?

Exercise 2 Filling the blanks according to the text.

Based on their , hot water boilers can be as fire tube boil-
ers, water tube boilers, cast-iron sectional boilers, and electric boilers. Water tube boilers

generate steam. Cast-iron sectional boilers many vertical inverted
U-shaped cast-iron hollow sections. They are lower in efficiency and used mainly for and
small commercial buildings. Electric boilers are limited in applications their higher energy

cost in many locations in the United States.
Exercise 3 Translate the following into Chinese or English.

. commercial building

N =

. air flow ratio

. open-type expansion tank
. stainless steel panel

- EREER

NS )

. FESHitE

Part VI Homework

1. Make sentences with the phrases below.

a) ---the speed of:-

b) ---divide into-:-

¢) -:-in the form of---

d) ---be used to--:

2. Translate the sentences into Chinese or English.

a) Radiant floor systems use warm wires or pipes imbedded in the floor to heat the floor itself,

00 N N L bW

which then emits infrared heat waves that strike your body and other objects, warming them.
b) You might see baseboard heaters used as a home’ s sole source of heat, or for supplemental

heat in cooler rooms or rooms that were difficult to outfit with ductwork.

c) Because temperatures underground are nearly constant year-roiind warmer than the out-
side air during the winter and cooler than the outside air during the summer——a ground- source
heat pump can be much more efficient than an air-source heat pump and appropriate for both warm
and cold climates.

d) NTERE, FRRERPEBRIIEEESEHREST RFTRAR, LR
7
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