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HUMIDIFICATION AND WATER COOLING 775

It is seen that the liquid film coefficient is generally considex:ably higher than t}3e gas
film coefficient, but that it is not always safe to ignore the resistance to transfer in the
liquid phase. ‘ _

qLo“zz and CHRISTIE!'"” used a 1.3 m square experimental column fitted with a number
of different types of packing and measured heat and mass transfer coefficients and pressure

drops. They showed that in most cases: :
hpa « L"~"G™ (13.58)

The index n was found to vary from about 0.4 to 0.8 according to the type of packing.
It will be noted that when n = 0.75, there is close agreement with the results given by
equation 13.57.

The heat-transfer coefficient for the liquid is often large compared with that for the
gas phase. As a first approximation, therefore, it can be assumed that the whole of the
resistance to heat transfer lies within the gas phase and that the temperature at the water-
air interface is equal to the temperature of the bulk of the liquid. Thus, everywhere in the
tower, 67 = 6;. This simplifies the calculations, since the lines AC, HJ, and so on, have
a slope of —oo, that is, they become parallel to the enthalpy axis.

Some workers have attempted to base the design of humidifiers on the overall heat
transfer coefficient between the liquid and gas phases. This treatment is not satisfactory

- since the quantities of heat transferred through the liquid and through the gas are not the
same, as some of the heat is utilised in effecting evaporation at the interface. In fact, at
the bottom of a tall tower, the transfer of heat in both the liquid and the gas phases may
be towards the interface, as already indicated. A further objection to the use of overall
coefficients is that the Lewis relation may be applied only to the heat and mass transfer
coefficients in the gas phase. :

In the design of commercial units, nomographs('®19 are available which give a perfor-
mance characteristic (KaV /L’), where X is a mass transfer coefficient (kg water/m?s) and
V is the active copling volume (m*/m? plan area), as a function of 6, §,, and (L'/G’). For
a given duty (KaV/L’) is calculated from:

KaV _/62 de
CLl — Jy, (H; —Hg) (13.59)

and then a suitable- tower with this value of (KaV/L') is sought from performance
curves®2D); In normal applications the performance characteristic varies between 0.5-2.5.

Example 13.9

Water is to be cooled from'328 to 293 K by means of a countercurrent air stream i i
: y entering at 293 K
_ relative humidity of 20 per cent. The flow of air is 0,68 m*/m?s and the water throughput ing.26 kg/mz‘:“':“h:
whole of the resistance to heat and mass transfer may be assumed to be in the gas phase and the pro'duct,
(kpa), may be.taken as 0.2 (m/s)(m¥/m?), that is 0.2 s,
What is the required height of packing and the condition of the exit air stream?

Solution

Assuming the latent heat of water at 273 K = 2495 kikg
) specific heat of air = 1.003 kJkg K
and specific heat of water vapour = 2.006 ki/kg K
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the enthalpy of the inlet air stream,
Hai = 1.003(293 — 273) + #2495 + 2.006(293 — 273))
From Figure 13.4:
at 8 =293 K and 20 per cent RH, o = 0.003 kg/kg, and hence
Hgi = (1.003 x 20) + 0.003{2495 + (2.006 x 20)]

=21.67 Wig
In the inlet air, water vapour = 0.003 kg/kg dry air
(0.003/18) s ook
=0.005 }
or: 1729 dry air
Thus flow of dry air = (1 -0.005)0.68 = 0.677 m*/m’s
: . 29 \ (273 4
Density of air at 293 K :(m) (m)=1.2oekym
and mass flow of dry air = (1.206 x 0.677) = 0.817 kg/m?s
.. 4.
Slope of operating line:  (L'CL/G') = (o_zg;nﬁm_) =133

Theeoudinmofthebonanoflheopa:ﬁnglimm:
6.1 =293 K, Hgi =27.67 kg

Hence on an enthalp p diagram, the op ',lincof;lopelﬂlisdnwndmmghﬂnpoilu
(293,27.67) = (611, H).

The top point of the operating line is given by 6,3 = 328 K, and H; is found to be 76.5 kl/kg (Figure 13.19).

From Figures 13.4 and 13.5 the curve P ing the enthalpy of d air as a function of
is obtained and drawn in. Alternatively, this plot may be calculated from:

P

Hp =Co(0y - 273) + Ho[Cu(0y — 273) + 1) kg

The curve represents the relation between enthalpy and temperature at the interface, that is # 7 as a function
of 6.

It now remains to evaluate the integral JdHG/(H s ~ Hg) between the limits, Hgy = 27.7 kig and
ch=76.5U/kx.Vuiousvduaoqubaweendmeliuﬁuueseleaedmdlhevalueof@obuined!mm
d\:opemingﬁne,MdlisvdmofO..mw@,.ﬂmcom:ponding value of H s is obtained from the curve for
saturated air. The working is as follows:

Hg 8=0; Hy (Hy - Hg) 1/H; - Hg)

217 293 517 30 0.0330

30 2945 65 35 0.0285

40 302 98 58 0.0172

50 309 137 87 00114

60 316 190 130 0.0076

70 323 265 195 0.0051

76.5 328 355 2719 0.0035
AphofI/(H/-Hg)undﬂcisnowmadeu:hawninl’xgmllmﬁvmwhichthemundenhe
curve = 0.65. This value may be checl d using the i lution of (14)
g e of CAREY and WiLLiamson'!4),

Hei=217Wkg, Hyp=517WAg .. AH; =30 klkg
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Figure 13.20. Evaluation of the integral of dHg/(H; — Hg)
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At the top of the column:

Hgy =76.5kIkg, Hy=355klkg .°. AHy =279 kilkg
At the mean water temperature of 0.5(328 + 293) = 310.5 K:
Hom=52klkg, Hy=145kl/kg .". AHm =93 ki/kg
By iy, AR g,
AH) AHy

and from Figure 13.16: f = 0.79
(Hc: —Ha) - (76.5 - 21.7) ek

Thas 7AH,, ©.79 % 93)
which agrees well with the value (0.65) obtained by graphical integrati
Thus, in equation 13.53:
dHg G
height of packing, z = e s =
BRABARGES [y Wy B RO
(065 x 0.817)

” (0.2 x 1.206)
=220m

Assuming that the resistance to mass transfer lics entirely within the gas phase, the lines connecting 6, and

6y are paralle]l with the enthalpy axis.
In Figure 13.18 a plot of Hg and 6 is obtained using the construction given in Section 13.6.4 and shown in

Figure 13.15. From this curve, the value of 6, corresponding to Hg, = 76.5 ki/kg is 300 K. From Figure 13.5,
under these conditions, the exit air has a humidity of 0.019 kg/kg which from Figure 13.4 corresponds to a

relative humidity of 83 per cent.

13.6.7. Humidifying towers

If the main function of the tower is to produce a stream of humidified air, the final
temperature of the liquid will not be specified, and the humidity of the gas leaving the
top of the tower will be given instead. It is therefore not possible to fix any point on
the operating line, though its slope can be calculated from the liquid and gas rates, In
designing a humidifier, therefore, it is necessary to calculate the temperature and enthalpy,
and hence the humidity, of the gas leaving the tower for a number of assumed water
outlet temperatures and thereby determine the outlet water temperature resulting in the
air leaving the tower with the required humidity. The operating line for this water-outlet
temperature is then used in the calculation of the height of the tower required to effect this
degree of humidification. The calculation of the dimensions of a humidifier is therefore
rather more tedious than that for the water-cooling tower.

In a humidifier in which the make-up liquid is only a small proportion of the total
liquid circulating, its temperature approaches the adiabatic saturation temperature 6;, and
remains constant, so that there is no temperature gradient in the liquid. The gas in contact
with the liquid surface is approximately saturated and has a humidity s#,.

Thus: dé, =0
and: 0L =02 =6, =6; =4,
Hence: ~G'sdbg = hgadz(8; — 6;) (from equation 13.42)

and: —G'd¥ = hppady(# — ;) (from equation 13.44)





