52 ’ CHAPTER 3

GOFF DIAGRAM FOR MOIST AIR

It is a fundamental proposition of thermodynamics that when a Sluid

Sflows across a section fized tn space it convects with it an amount of energy
equal to ils enthalpy as determined by the pressure, lemperature, and com-
- position of the fluid at that section. 'This fundamental proposition provides
the correct procedure for applying the law of conservation of energy to.
the processes occurring most frequently in air conditioning practice. Thus
if moist air is flowing through & duct it carries across any section of the
duct energy of amount mh Btu per minute and water of amount mW pounds

. per minute, if m denotes the weight of dry air crossing the section per -

minute.

The foregoing considerations suggest the importance of having accurate
knowledge regarding the enthalpy: of the fluid in question and the desir-
ability of using enthalpy as one of the coordinates in graphical representa-

* tion. The use of enthalpy A and humidity ratio W as coordinates in the
case of moist air is due to Mollier*. - A convenient modification of the
Mollier diagram introduced by Goff and designated Goff Diagram for
Moist Air is obtained by taking humidity ratio W as ordinate and reduced:
enthalpy (h-1000W) as abscissa. A Goff Diagram modified in this way is
enclosed in the envelope attached to the inside back cover and an abridge-
ment of the Diagram is shown in Fig. 1. .

"The Goff Diagram is a constant-pressure chart, the one provided with
this book being drawn for standard atmospheric pressure from the data in
Table 1. Along the axis of abscissae (W = 0, 1 = 0) are plotted values
of the specific enthalpy of dry air , at one-degree intervals of temperature.
Values of humidity ratio at saturation W . plotted against values of re-
duced enthalpy at saturation (hs-1000W,) determine the saturation curve
(1 = 100 per cent). Lines of constant temperature connect points on the
saturation curve with corresponding points on the dry-air axis and are

. inclined upward to the right. They are drawn straight in accordance with
. Equations 3 and 5 because the curvature contributed by the correction

. term 8a is inappreciable at all temperatures within the range of the chart.

" The portion of each isotherm lying between the dry-air axis and the satura-

~ tion curve is divided into 10 equal parts by curves of constant per cent

saturation. The per cent saturation of any point below the saturation

through that point.

Each isotherm breaks at the saturation curve to incline upward to the
- left into the two-phase region above. the saturation curve. The ordinate
" of a point in this region is the total weight of water in both the vapor.
" phase (moist air) and the condensed phase. (liquid or solid) per pound
. of dry air in both phases. Neglecting the very small amount of dissolved
. air in the condensed phase, it is the weight of water in both phases per

- pound of dry air in the vapor phase. The ordinate at the break in the

- isotherm through the point in question is the weight of water per pound.ef
dry air in the vapor phase. Consequently, the difference between the two -

curve is readily determined by linear interpolation -along the isotherm -

ordinates is the weight of condensed phase per pound of dry air-in the °

vapor phase.

It has been stated that the region above the saturation curve is the
two-phase region. This is so except in the wedge with apex on the satura-
tion curve at 32 F where three distinct phases, namely, solid, liquid, and
vapor coexist. In fact, this wedge separates the liquid-vapor region
above the wedge from the solid-vapor region below it. A point inside the
wedge divides the horizontal line extending through it from one boundary
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egr i i i he weights
i i ts which are in the same ratio asare t _
to the.otheﬁullit OIEQVO S(’alghze?empemture is 32 F throughout the wedge.
of so}ld' S herms in the two-phase regions above the saturation curve have
The ISOtherénﬁ l?mward‘ to the right into the vapor-phase region below
been extended 0 as lines of constant thermodynamic wet-bulb tempera-

the sat’il‘]l;aéﬁ?lré fgljgfn of thermodynamic wet-bulb temperature will be
ture. .

given later. . ; ith Tes 1950 Guipe there has been
On the Goff Diagram Plk‘lfizllldz(ainwtl)z detormined the direction in which

drawn a profractor from w. f water and dry air will be moved by stmul-
zl:e itétzd?igtlfotl%ff wgﬁ (:vater withou! addition of dry air. A particular
ne

irection i i the numerical value of the ratio of energy to w
dlrectxoiilshsxl-):élf?d?s,ignaet:d as g and called the specific enthalpy of ug;;,‘ter
addedadded WBtf& per pound. The protractor is useful in locating the condition
line of a cooling load or heating load problem. .

DERIVED PROPERTIES

hermo ist air there
ic Wei-bulb Temperature. For any state of moist air
{ 'Tt a telliny;fxzzlrvg t* at whichzl)iquid (or sohd).Awatgr may be evapor:teéi
(ier):il:i St,he air to bring it to saturation at gx?ctly this s?:l}fﬁ t?ie;ln%fl?l :rW
The humidity ratio of the air is mcreaset'oxrlo::’ %hgnt'rgm e the
to the value W,* cox:respondmg to saturation a e temporature 7; the
ir i ed from a given initial value A to_

poned ?ifintgetzusﬁénr;zﬁ at.the teilnperature_ t*; the weight of wate;
added per ound of dry air is W,* — W and this adds energy of amoun

a(pi;(fieii _pell;[/% ho*, where hy* denotes the specific enthalpy of the water as
édd:ad at the t;m’perature t*; therefore, if the process is strictly adiabatic,

h+ (W — Wiha* = h* @ '
The solution of Equation 7 for given values of A and W is-called thermo- |
dynamic wet-bulb temperature.

Ezample 1. Find the thermodynamic wet-bulb temperature of moist air ‘z}t 80 I‘j,‘

t saturation, atmospheric pressure. e
x gi;;i’::n. From th; data of Ta?)le l',rthe eg:slia!l‘xg) ro(f xti]xl:azliro :‘g t,,'hx_s }3 ?ﬁ; :;i (t,)hiolg;
= uation 5). To a on t y
i%ﬁzn;-a%%c.)?a]gmg&er@n%dynamic wet.-b,ulb_ temperature which is tlferefore approxi

7 F. : . ;
V ma;ilé%‘ the humidity ratio at saturation is 0.01424 Iby/lb, and the specvl‘}ic :n&lg)lp)g )
£ liquid water is 35.11 Btu/lb,. The humidity ratio of the air 158 W o0
802%?: 0.01117 1b./1b, (Equation :31) Th_eref(;r(:), u{,g aa ;f;:f:t :ipirso’::n‘n:‘ lon, the
I ! i amic wet- B .
?gt()l;ilﬁy—atosgg‘ll{?;dg(n ;;.ﬂle: ]?ielr.g!loByt'.ﬁ/lb., Equation 7. Interpolation in Table 1

gives as final answer, .- . .
t* = 66.94F - S -

The answer can also be read directly on the Goff Diagram at the xqte:rsegtxon of
> the 80 F dry-bulb and 50 per cent saturation lines.

i i isti f two thermometers.
h ter is an instrument consisting o aeter:
on,gho? w%sj%fi )ig,? tehe bulb covered with absul‘zablg w1c11{ t(‘;};a.; 1;}31,2 l;::: gli%)%c} .
in liqui ter and thoroughly wetted by it. On placin -
}c?lélggrﬁen; in an air stream, the llQllllld Abegxnsti_:ol.lew{)sg)lfgrsat:hirgrixrl :s]lllle_
i it i ally assumed that such evaporation brings the -
xggjaatlelgr l;dl]sacl{eslllt tg the wick to saturation.- At first this aﬂ' m.a.dy mat:lcllcla
saturation at & higher or lower temperature than that of the liquid on

_“wick; but in'a relatively short time the temperature of the liquid will have -



