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TEMPERATURE —F

ﬁg. 2 .... Relation of Saturation Pressure and Emhnlpy to
Water Temperature

at a given mini supply iy, while epace
heating may permit modulati Ip asa fi ion of
the outdoor or other climatic inf}

2. Temperature which must be obtained in the terminal unit.
3 sttanoelxomhnungphm.wxpaceorpmmqmrmg

4 'é‘oen'un of land on which buﬂd.mgp are located.
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the circulating pump.’ The steam drum (expanmon tank) mugt
be placed above the high: p

Many systems are designed for mer'. gas pressunntwm In
most of these systems, thepmrmngtankmeonnecmu,
the system by a single balance line on the suction side of the
circulating pump. The cin:uh.ﬁng pump is located at the mj,g
gide of the high- tor. There is no
flow through t.he pressurizing umk and a reduced tempergmm
will normally establish itself inside. This tank may be placeg
wherever is most suitable in fJ:e central shtwn A special char.
acteristic of the g; is the
for ting and inj mstde the tank.

of pnmary lmpomume in t.he dwgn and operation of the
high-temperature water system is the requirement of main.
taining st all points of the system a pressure which at af
times, whether or not the system is in operation, exceeds the
vapor pressure of the water. This may require limiting the
water temperature, and thereby the vapor pressure.

Elevation effects, and the pressures required to prevent the
flashing of water into steam in the supply system, can alg
limit the i water that may be used,
and must therefore be studied in evx)natmg the temperatare-
pressure relationships of the system.t

The properties of water which govern the features of the
dmgn are:

at ion. (See Fig. 2.)
or spee.lﬁc vo‘iumc versus temperature.
thnipy or sensible heat versus temperature.
4 Viscosity versus temperature.
The relation of and p
and enthalpy, are all available in thastmm tahles. The proper-
hmofmhrforthemgeZth{OOmemmmmdm

Table 1.

Direct-Fired High-Temperature Water
Generators

Where the high- are direct-
fired using eonvenhonal fuels, thceentml stations are com-

o B T 1o sod load dists "Table 1.... Properties of Water (212 F to 400 F}
6. tity and pressure of steam used for power equij in g
plant, if desired. Totul Heat Abore
7. Vagiations in elevation within the system. These may make Temperatore | Pressure® Density Specific 32F
it desirable to locate the central station on the ground in F Pric h/Co At Heat
order to a static head on the system. Btu/(LB)(F} ore/Lb* |8/ ot
Th ,,w; uptosbout?»SOany
be provided usmg eqmpmeut suitable for 125 p&g but prac-’ 212 14.70 59.81 1.007 | 180.07 | 10,770
tically, water will be limited by the 220 17.19 59.63 1.009 188.13 | 11, 1218
system design, pump heads, and elevation characteristics to % gz;g gg?g }8}3 %ﬁ g gg
v&l;l; g‘e‘ween 300 to 325 F. Water temperatures of 350 F 2983 | 5882 | 1015 [218.48 12,851
to requiring 250 to 300 psig working pressure, permit
s greater temperature drop to be realized, and are employed 260 35.43 58.51 1.017 . | 228.64 3;3?)
where the savings resulting from the reduced pipe sizes offset gg g% ‘33 }3 ﬁgg‘s }2’230
the added cost of heavier fittings and equipment, or where 290 57.56 | 57.64 1.025 | 259.31 14,947
the terminal units require the higher temperatures. 300 67.01 57.31 1.032 | 269.59 | 15,450
Most systems designed for steam pressurization have a
steam drum through which the entire ﬂowxstakm, and which gg ggg ggg }% gg ig’%
also serves as jon vessel. A ci p is in the 330 103.06 56.31 1.042 | 300.68 | 16,931
supply line taking water from the tank. The temperature of 340 118.01 55.96 1.047 | 311.13 | 17,409
the water from the steam drum cannot exceed the tempera- 350 134.63 | 85.59 1.052 | 321.63 | 17,87
ture of the steam in the drum which conspands to its pres- 360 153.04 55.22 1.057 {332.14 | 18,343
sure at saturation. The point of maximum pressure is at the 370 173.37: | 54.85 1.062 | 342.79 | 18,802
discharge of the circulating pump. If, for example, this pres- 380 195.77 54.47 1.070 | 353.45 | 19,252
sure is to be maintained below 125 psig, the pressure in the 3& 220.37 | 54.05 107 | 364.17 19-"%
drum, corresponding to the water temperature, cannot exceed 2731 53.65 1.085 |374.97 | 20,1
125 psig minus the sum of the pump head and the p .8 from T ic Properties of Stasm, by 1. B

head due to the difference in elevation between the drum and

Keotoan and F. G Heyes pablished by John Wiley and Sons, Ine, 1938 edition.

specific volums-

. _.H-gh.'remperolure Water Systems

pan-ble to steam boiler plants operating within t.he same
essure range. The geverators should be selected for size and
kaeepmgmththaloadmddmgnpmm,nsweuu
the circulation req
Tbuemmanysystemsmensfgneemwhmhbou:
swm for power or pl water
are supplied from t.he same bcnler, ol.hem in which steam is
pxoduced in.boilers and used for genemung h:gh—fempemtum
ater; and again others where the burning fuel directly heats
mnw:‘fh h may be of the
Nbeorﬁm-wbetype and may be equipped with any
mmmmd fuel ﬁnng apparatus. The water-tube type may
have either forced circul jon or gravity circulation, or a com-
bination of both. The recxrcuhtmg pumps of forced-cu-clﬂauon
tors must operate while the g
being fired. Steam boilers relying on natural cu-culahon may
equire internal baflling when used for high-temperature water
generation. In Scotch Marine type boilers the problem of
thermal shock caused by a sudden drop in the temperature
ofﬂ?eretumwatarlmpmglnzontheﬁ:\ambesmustbe con-
,gdaed. Foreed lation high- water Y
of the h h type and rely solely on
pnmps to achieve the circulation. Depending on the design
they may require the use of internal orifices in the various
circuits to apportion the water flow rata in pmporhon to

. 4

139

m_% "‘ wwe i

Fig. 4 .... Inert Gas Pressurization for
Two-Pump Type System

corrosion-free characteristics of hnt water heating. Oxygen ghould
be excluded from the system, both in the means of pressurization
and in Lheopemhngcycle ‘This precludes the use of air as a pres-
eurizing means. which periodically withdraw and reintro-
duce water should not he used.

3. The cantrol of the pressurization u-ysu:m should maintain
of tbe gh- water

the heat absorption rates. Circul ust be ined at

.anhmmwbﬂethegmenwrmbmngﬁ:ed and the flow rate

must never be allowed to drop below a minimum indicated
by the manufacturer.
Where gravity circulation type steam boilers are used for

. high-temperature water generation, the steam drum usually

gerves as expansion vemel.’ In forced circulation type high-

wu.ter , 8 separat vmelmhowhxchs.ll

di is ly used for maintai the
steam pressure cushion and for expansion. A separate vessel
is usually used when the system is cushioned by an inert gas.
Proper internal circulation is essential in all types of boilers to
prevent tube failures due to over-heating or unequal ex-
pansion. .

Pressurization

The method whereby the intained above satu-
ration should take into conmdemhon the following factors:
. L The munnunnsysﬁanshouldberdauvelymmpkemd

:zxchculwd mblzma
e piping

the i stable di

cycle. Fluctuati in system p ehould be
inimized by taking ad _.,of'hethermalmrngeolt.he
cycle.'nmwﬂl' b through

{'he g rates,
4 location of the compression tank used for
tion has a great effect on the net positive suction head FNPSH) at
the pumps and may limit the sllowable friction losses of
piping system. Flexibility in the location of this tank is an adwm—
tage in adapting a H' Tﬁsystzmm;gven problem.

5. Proper safety devices for high and low water levels and ex-
cessive pressures be in the
system and interlocked with combustion nfaty and water flow
rate controls,

of fund $al hods wh

Thereare a

sure in a given hydraulic system may be kept at a desued"

level3
1. An elevated sto: unkunnmplemmmof pressuriza~
tion, b\ltduewt.hemthe xeqmredl‘orthcprmsuruen—
his gystem is
2. A h_ydmulm pump may be used. However, difficulties in

within
the system, &ll:! the wn.hdrnwll and mnt.mduthon of system
water make system

with a feed icall, by P

relief valve for fhe maximum system in
Figs. 3 and 4).2 The pressure control is set to upemu the feed
pump and circulate water from the make-up tank to the system

1.

Fig. 3 .... Inert Gas Pressurization for
One-Pump Type System

the p falla to the fat cutrmrou:t,mdw
stop the pu; » when the cut-out point is reached. If the pressure
increases to the relief setting, excess water will flow through
the relief valve to the make-up water tank. Since this system is
not. entirely closed, the means for preventing the entry of cor-
maon-uusmg ele.mmu, prmc:pa!ly oxygen, or for their elimina-

tion, ehould be éonsi

3. Steam pnmmﬂma Tl%h the use of an expansion vessel
which is w from the H’ generator. The vene_l must be
sbove the geoerators and connected in the supply wnuu‘
line from the generator. Water in the expansion el flashes
steam to system p above the point o(
the cooler water in the balance of the system. The circulating

mﬂac moves the water from the expansion veasel to the system

k to the generator. Since the system p draws water

from the bottom of the vessel, clevated to
increase the net positive suction head to prevent cavitation or
fiashing in the pump suction. This arrangement is eritical. T
assist in the prevention of flashing, a bypass is provided l‘mm!-ha
HTW system return line to thn pum}) suction. Cooler retum
water is then mixed with hotter vnuar mm the upumon vusel
to give a ]
tion pomt in the vessel,

cont.ml, ar_‘




