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BB DRYING HOODS ARE USED

primarily in the drying of

tissue grades. These hoods,

which are also known as
high-velocity air caps, are typically
mounted over a large-diameter
steam-heated cylinder (<6 m). The
tissue sheet is plastered to the steam-
heated cylinder by one or two press
rolls, which also serve to mechani-
cally dewater the sheet. The sheet is
then dried by the hot cylinder and
by the high-temperature air impinge-
ment under the hood. The dried
sheet is subsequently removed from
the cylinder by the creping doctor.
Figure 1 shows a schematic of a typ-
ical hood installation.

As tissue machine speeds have
increased, the demands on the hood
have also increased substantially.
Today, the hood can contribute over
70% of the drying on the machine.
This increase in drying capacity has
been accomplished primarily by
increasing the impingement velocity
and temperature of the air in the
hood. Air temperatures over 500°C
are now the norm in modern hoods.
Because of this, almost all modern
hoods use combustion to heat the
air. To improve the efficiency of the
system, a high percentage of the air
in the hood is recirculated, and heat
recovery is often applied on the
exhaust streams. Figure 2 shows a
typical flow schematic for a hood
and air system.

Because the hood now accounts
for so much of the overall drying on
a tissue machine, it has become more
important to properly evaluate its
performance, particularly the contri-
bution of the hood to the overall dry-
ing rate. This, however, is no easy

task, considering that the sheet is
dried both by the hood and the
steam-heated cylinder at the same
time. It is difficult to separate the
contributions of these two compo-
nents. There is presently no standard
method for evaluating the drying
rate of the hood on a tissue machine.
In the past, the hood drying rate has
often been inferred by evaluating the
overall drying rate from grab sam-
ples of the sheet before and after the
hood, and reducing this drying rate
by the contribution of the steam-
heated cylinder to the drying rate.

The cylinder contribution has
been evaluated by measuring the
condensing rate of the steam in the
cylinder. Unfortunately, there are
many more heat loads on a cylinder
than just the drying load of the
sheet. There is heat lost in the press
roll nips and heat lost to evaporate
some of the water in the glue spray,
as well as radiation and convection
losses from the various exposed sur-
faces of the cylinder. These losses,
which are very difficult to evaluate,
can easily account for over 30% of
the heat load on the cylinder. For this
reason, it is desirable to be able to
evaluate the contribution of the
hood to the drying rate directly, with-
out resorting to measurements made
on the cylinder. This paper describes
two methods that we have devel-
oped to accomplish this.

TEST METHODS—HOOD HEAT
BALANCE AND SYSTEM ENERGY
BALANCE
Drying equipment is designed to
transfer heat to the material to be
dried. If the amount of heat trans-
ferred can be determined, then the
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dent methods that the reader can
use to determine the contribution of
the hood to the drying rate on the
tissue machine or other similar
machine.

Two methods of determining the
drying rate of a hood are presented.
These methods do not rely on mea-
surements taken on the cylinder.The
measurements required on the hood
and air system are summarized for
both methods.

drying rate attributable to the equip-
ment in question can also be deter-
mined by dividing this quantity of
heat by that needed to evaporate
water (latent heat). This paper
describes two methods that are used
to evaluate the drying rate of hoods.
Both methods assess the heat trans-
ferred by the hood to the tissue
sheet and then divide this heat by
the latent heat of evaporation for
water. Although both methods are
similar, they are completely indepen-
dent, making it possible to verify the

Hood heat balance method
One method of determining the

now at the return temperature,
together with the water that was
evaporated from the sheet. Figure 3
illustrates this.
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Calculations The flow rate of the
supply stream is calculated based on
the static pressures at the hood noz-
zles and the supply air properties as
follows:

V.= (2P Jr)os @)

M, =V xA

nozz

xr x C, (2
Mda = Mmix / (1+Xs) (3)

Note that an accurate value of the
nozzle discharge coefficient is
required for this calculation, since
the nozzles are used as the flow-
metering device.

The enthalpy of the supply
stream is then calculated based on its
temperature and humidity. To deter-
mine the heat given up by the supply
stream, its enthalpy is calculated at
the return temperature. The amount
of heat given up by the supply
stream is determined as follows:

qupply = Mda X (hs(in) - hs(out)) (4)

This heat goes to four sources as fol-
lows:

< Evaporating water. The heat
required is hfg (at T, from the
steam tables).

» Superheating the water evapo-
rated by both the hood and the
cylinder to the return tempera-
ture:

x (h

quperhealing = Mevap qTm hgT(§1eﬁ))

where MEVap is determined from
grab samples taken of the sheet
before and after the hood.

» Losses from the hood due to radi-
ation and convection (Q, . hoo)-
These can be estimated and are
very small compared to the total
heat transferred.
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» Heating of ambient-temperature
air, which is infiltrated into the
hood (the hood should be
adjusted to be exfiltrating slightly
before undertaking this analysis
to minimize the amount of infil-
tration):

Q.. = INf% /100 X M, X

room out hroom in) (6)

The evaporation by the hood is then
calculated as:

Ehood = (qupply - quperhealing - Qlosses hood

Qinfilt.) / hfg (7)

Field measurements required
for hood balance method The advan-
tage of the heat balance method is
the relatively low number of field
measurements required; this reduces
the likelihood of measurement
errors. The field measurements
required are:

* Hood nozzle static pressures

* Hood supply dry-bulb tempera-
tures

* Hood return dry-bulb tempera-
tures

* Hood supply humidities (i.e., dry-
bulb, wet-bulb)

» Sheet moisture after the pressure
roll and at the creping doctor.

The sheet moisture content is deter-
mined by taking samples off the
cylinder after the pressure roll and at
the creping doctor. The samples at
the creping doctor are taken by sim-
ply breaking the sheet between the
doctor and the reel, and manually
grabbing and bagging the samples.
The samples between the pressure
roll and the hood are somewhat
more difficult to take as they must
be scraped off the cylinder.

System energy balance method
The hood drying rate can also be cal-
culated from an energy balance over
the complete process air system.
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2. Flow schematic of a hood air system

This involves determining the heat
added to the system by the burners,
the fans, and the blowers as well as
the heat removed from the system
through the exhaust stream of air
and losses from the system. The
remaining heat is the amount of heat
that evaporates water from the tissue
sheet. Figure 4 illustrates the sys-
tem energy balance method sche-
matically.

Calculations. The heat added to
the system is calculated as:

e Heat from combustion (ans):

Q. = M, X HHV (®)

« Heat from supply fans, Q.
« Heat from blowers,Q, ...

Note: If the exhaust temperature is
measured after the exhaust fans, the
heat added by the exhaust fans must
also be added.

The heat lost from the system is
calculated in the following sections.

Heat to superheat water evap-
orated under hood to exhaust
temperature. This includes water
evaporated by the cylinder as well as
by the hood:

x (h

Qw(superheal) = Mevap gT(exhaust) - hgT(sheet))

Heat to evaporate and super-
heat water generated during
combustion process. This heat is
calculated as follows:

Qcomb.w = WT X (hgT(exhaust) - hf) (10)

Heat to the process air. The air
exhausted from the process air sys-
tem is heated from ambient temper-
ature to the exhaust air temperature.
The mass of dry air exhausted
(including any air that is exfiltrated
from the hood) is calculated based
on a water mass balance on the sys-
tem. The mass of water to be evacu-
ated is:

Mwater added = Mevap + WT (11)
The mass of ambient dry air is calcu-
lated from M. ..., @nd the humid-
ity of the air entering the system
(X, pieny @S Well as the humidity of
the air leaving the system (X
as:

avg exh aust)

M /

da(ambient) - water evac

(12)

avg exhaust - Xambient)

The heat required to warm this air is:

Qambient = Mda(ambient) X
(13

ambientout ' ‘ambient in

Total heat losses from hood
and process air system. The losses
from the hood and process air sys-
tem are estimated based on the
amount of insulation, exposed sur-
face area, and air temperatures.
Again, these losses (Q, ... are rela-
tively small compared to the total
heat transferred.

The remaining heat is:

Qevap hood = ans + Qfans + leovvers -

w (superheat) - losses

(14

combw ~ “Cambient

This heat goes to evaporate water.
The evaporation rate is calculated as:
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h. (15)

Ehood = Qevw hood " " fg

Field measurements required
for system energy balance method.
The system energy balance method
also requires relatively few field mea-
surements. They are as follows:

e Exhaust air humidities and
temperatures. Humidities are
determined from wet- and dry-
bulb temperatures.

« Sheet moisture entering the
hood and at the creping doc-
tor. The sheet moisture content
is determined as described in the
heat balance method.

» Gas flow rates. Perhaps the
most critical measurement for
this method is the gas flow rate.
For this reason, the mill must
have a properly calibrated meter-
ing device on the gas line.

e Fan and blower power usage.
The fan and blower power (and
the exhaust fan power if the
exhaust temperature is measured
after the exhaust fans) is deter-
mined by measuring the current,
voltage, and power factor for
each of the motors.

FIELD TEST RESULTS

The results of these methods
applied to four field surveys are pre-
sented in this section. All of the
reported drying rates are normalized
by dividing by the maximum drying
rate measured. In one case, it was not
possible to apply the system energy
balance method due to a faulty gas
meter.
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Figure 5 shows the results for
the three surveys where both meth-
ods were used. In all three cases, the
two methods give results that are
very similar. Considering that the
two methods are completely inde-
pendent, this indicates the validity of
the two methods.

Figure 6 shows a comparison of
the measured results with our pre-
dicted drying rates for four surveys.
The predicted drying rates are based
on heat transfer correlations that
have been developed in our labora-
tory for our hoods. These correla-

tions account for the effect of vari-
ables such as impinging air tempera-
ture, humidity, and temperature. The
measured results follow the pre-
dicted values very well.

SUMMARY

The hood heat balance and system
energy balance methods are simple
and accurate methods of determin-
ing the drying rates of hoods.
Because they are independent of
each other, it is possible to compare
the results of the two methods to val-
idate the results.
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Presently, standard methods of
determining the contribution of the
hood to the overall drying on a
machine do not exist. We hope that
by presenting these methods, others
will try them, and eventually they

Nomenclature
The following nomenclature is used
throughout this paper:

= Nozzle area, m?

nozz

C, = Nozzle discharge coeffi-

cient
= Water evaporated by

Fous hood, kg/s

N, werin = ENthalpy of ambient air
at ambient temperature
and humidity, kJ/kg

N peron = ENthalpy of ambient air

at exhaust temperature
and ambient humidity,
kJkg

6. Comparison of measured results with predicted results for the
hood drying rates. All drying rates have been normalized by

dividing by the maximum value measured.

may become accepted standards for
the industry. TJ
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= Enthalpy of liquid water
at ambient temperature,
kJkg

h = Enthalpy of evaporation
of water at sheet tem-
perature, kJ/kg

= Enthalpy of water vapor
at exhaust temperature,
kJkg

= Enthalpy of water vapor
at return temperature,
kJkg

= Enthalpy of water vapor
at sheet temperature,
kJkg

= Gas higher heating
value, kJm?

=

gT(exhaust)

hg'l'(f)

=r

gT (sheet)

HHV
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h = Enthalpy of machine

room air, kJ/kg

= Enthalpy of air at
machine room humidity
and return temperature,
kJkg
hs(in) = Enthalpy of supply air
stream at supply tem-
perature and humidity,
kJkg
hs(om) = Enthalpy of supply air
stream at return temper-
ature and supply humid
ity, kJkg
= Infiltration (% supply
dry air), %
= Mass flow of dry air,
kg/s

room in

room out

Inf%

VOL. 79: NO. 8 TAPPI JOURNAL 187



DRYING

Myemen = Mass flow of ambient Qombw = Energy to evaporate and Qw(wpemem) = Energy to superheat
dry air into system, kg/s ' superheat combustion evaporated water to
- = Total evaporation under water, KW exhaust temperature,
hood (from grab sam- Qiane = Fans energy consump- kW
ple), ka/s tion, kW L = Temperature of the
M. = Gas flow, m¥/s Qi = Energy to heat infil- sheet, °C
M . = Mass flow of mixture ' trated air to return tem- V. = Impingement velocity,
o kgls ’ perature, kW s
M = Water added to system,  Qosses = Losses from hood dueto  W. = Total mass of combus-
water added kglser - SRt osshood radiation and convec- ! tion water, kg/s
M = Water evacuated from L Xoviex = Ambient (room) humid-
water evac system, kg/s Qupeneaing = ENErgy to bring water ity, kg/kg
_ e vapor from sheet tem- X = A h humid-
P = Nozzle %tgtlc Pgr&swre perature to return tem- arg exhaust it}\//eir(zg/]ggex aust humid
Q I(Emeawr L bi Ty X = H(;Od supply air humid
. = Energy to heat ambient - s T i
ambient o togz:xhaust e Qupoly = Energy released by sup- ity, kg/kg
ply air stream in hood _ ;
ture, KW b s e r = Density of supply wet
Quiowers = Blowers energy con- air stream, kg/m?
sumption, KW

EVERY GOOD
ORGANIZATION NEEDS

A SOLID FOUNDATION

For over 75 years TAPPI has been the world leader in the exchange of technical informa-
tion and research support for the pulp, paper, and related industries. To that end, the TAPPI
Foundation was established in 1990 to fund the educational, research, and award recogni-
tion needs of TAPPI and its members.

In less than six years, the TAPPI Foundation has distributed more than $1,000,000 in “seed
money” to provide funds to stimulate interest in industry-related research projects.

The foundation is also a repository for endowed scholarships and awards, like the pres-
tigious Gunnar Nicholson Gold Medal Award.

Without research, communication, and recognition, technology stops. Find out how you
can help TAPPI secure the future of the industry today. Con-
tact the TAPPI Foundation at P.O. Box 105113, Atlanta, Geor-
gia 30348-5113; or call U.S. +1 (770) 209-7266 or +1 (770) 209-

7211.
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