16" Journées Internationales de Thermique (JITH 2013)

JITH
‘M Marrakech (Maroc), du 13 au 15 Novembre, 2013

THERMAL INSULATION OF HOT WATER PIPESIN THE ANNEX
RESIDENCE

Authman Abdali et Anas Bentamy,
School of Science and Engineering, Al Akhawayn University
P.O Box 104, Hassan |1 Avenue, 53000 Ifrane, Morocco
au.abdali@gmail.com& a.bentamy@aui.ma

Abstract :

Hot water is an important feature in daily life. shivashing, har-washing, bathing, and laundry are
applications where human beingse hot water. As a result, water heating becaneeodrthe processes tt
contribute significantlyn water and energy wastes. 1paper investigates the potential heat losses tiwatran

a noninsulated hot water pipe while pumping the fluidrfr theboiler to the fixture where it is used. H losses
occur byconvection in the intern flow of water inside the pipeand conduction through the pipe thickn
itself. Insulation plays a crucial role in reducingat losses in hot water pipes since tlsulating layer increases
the thermal rastance of the whole system. 1 objective is teestimate the reduction of heat losses by cing
an appropriate insulating material aable in the Moroccan market. The results s that hot water pipes
insulationis an efficient and effective way to reduce eneagg water losse
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1. Introduction

The main problem encountered during the proceswatér heating is not only the huge amount of en
needed tcheat water initially, but also the time taken byt la@ter to reach the tap; a considerable volum
cold water is lostn order to get hot water. As a matter of fact, wlome closes the hot water tap, hot w.
remains in the pipes connecting the fue to the tap, and with time, that water loses bedhe surroundin
environment and turns coldh& next time one opens the hot water tap, the wakér remaining in the pipt
goes out first and is automatically wasted befaewater reaches the teThe purposef this stud is to find a
way to minimize water losses amhergy. Hot water needane to get to the tap because the bad the
insulation results in considerable heat lossesempihing hot water. Accordingly, the problem is fald: cold
water remaining in the pipes, and more importaritlg, bad thermal insulation that makes hot wateedcsomi
of its heat to the surroundings, which increasesieded time for hot water to reach the

2. Description of the existing system.

The cae of the water heating system existing in the AnResidenc at Al AkhawaynUniversity is in the
basement. There is a fuel boildigures 1&2) that burns fuel in order to heat water initiallis power range
from 120 KW to 650 KW Once the water iheated, it goes through some channels to a saan&b equippe
with a heat exchanger. Since there are six builitigere are six tanks; one per building. Theskstatore ho
water for sanitary use. Since these tanks aredit&ethe boiler, they itain permanently hot water at 60 °
and heat exchangers enable the heat transfer bethveeold and hot water inlets. For every singléding, re-
circulated hot water reaches each floor, and theretare branches that link that closed path ofater to each
apartment. These branches aren’'t permanently hoe sivarm water is not circulated there. Accordingiyr
main problem arises: these brancaren’t well insulated which causes a huge lossaiémwonce being coli
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Fuel Boiler

Figures 1& 2: Fuel hiter used in the Annex Residel & Current water heating syste



3. Temperature and water waste measurements.

Several apartments in the Annex Residence haveddovmeasure the time it takes for hot water &zhehe
taps, and also the volume of cold water that is desing this process. It has been noticed thatwaier never
reaches the 60 °C as in re-circulation part eveéer @& really long time. On average, the exit terapge was
around 45 °C, and the total lost volume of wates weound 40 liters. Those measurements were caaiuct
using average water flow rate of 0.16 I/s. The w@wf water that is trapped in the pipes constitumiy 25% of
the total lost volume of water, which implies tii&%6 of water losses are due to bad thermal insulgti

4. Analysis of the current heat lossin the steady phase.

For the calculations, the heat loss is quantifireebme apartment under steady flow assumptions,ttz the
heat loss per unit of length of the pipe is extrdciSteady flow state is defined as the phase gluvirich the
exit temperature is stabilized. The total heat lfissall the apartments is deduced since the pigiygtem is
under the same conditions.

4.1. Inner convection coefficient calculation

The first step is to calculate Reynolds Numberritteo to determine the nature of the flow. The theyphysical
properties of water at the mean temperature areé. d$e2 mean temperature is the average tempetagineen
the inlet of the pipe (the one leaving the re-daiing loop), and the outlet of the pipe:

T = Tinlet +T0ut|et - 60-2'-45 - 52.5°C (1)

mean 2

The Reynolds number is then

_Vv*bhi _ 0.5170.02

Re = -
U 5.32€x10

=19151.332)

Since Re > 10000, the flow is fully turbulent. Sin@.7 < Pr = 3.4 < 160, the Nusselt number is deterd via

the Colburn equation [1] from which the he innenwection heat transfer coefficient is obtained:

Nu :% = 0023*Re***Pr® = 0023+19151.38° *34° [188.5(3)

h =K Ny = 2846WIMIC o) — 860, 76MIM 2 C(4)
D 0.02m

4.2. Surface temperatur e calculation.

The inner surface area is:
A, =7D,L = 7(002m)(323m) = 203m’ (5)

A constant surface temperature along the pipesisrasd. To estimate the inner surface temperatansjaering

a constant surface temperature, and integratingdmest the tube inlet and outlet we get the followaggation:

In Ts,i -T, - _ h; * AS,i (6)
Toi =T m* ¢
This equation is solved forsF P
*
T.-T* —h_ A 45—60*&{— 28607625* 203 j
T = e, ) _ 98665* 016*10°* 4182) 1y 7y
h* A - e(_ 28607625* 203 ]
l1-¢e —~ 986.65*0.16*10°* 4182
m*c,

This result shows that the fluid temperature teatdbe end to the inner surface temperature.



4.3. Outer convection coefficient.

Outside the pipe, the natural convection coefficieh still air is computed. The air properties &g tfilm
temperature are used:
Tso +Tambienl 20+ 45
Thim =— 5 =

=325°C(8)

Empirical correlations for the average Nusselt nemior natural convection over horizontal cylindgf are
used:
2

1

* 6
Nu=]06+ 90387 R | _539(g)

9727

( 0559j16

1+
Pr

The Rayleigh number Ra is the product of the Gragshmber for cylindrical pipe and the Prandtl numbe
Ra =Gr *Pr=32113.8"0.7275= 23362.8(10)

with the volumetric thermal expansion coeffici@rand the Grashof number equal respectively:

B = 1/(32.5+273) = 0.003273322 (1/K)

_ 3
Gr = 98T ~T.)D;
v
The outer convection coefficien§ Is obtained from the average Nusselt number heooguted:

*
= KNU _0.026063 6.38_ 20y /ooc a9y
D, 0022

=32113.911)

4.4. Total thermal resistance of the non-insulated hot water pipe system.

The thermal resistance network of the hot watee gigstem is shown on Figure 3.
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Figure 3: In series resistances in the un-insulpipe.

The
total
resista 1 In(er 1
i I.
nce 1Is ) = = =R. = \N1J : = = 13
simply R = Reona h,*2* Pi*r*L R = Rupe 2% Pi* kg, *L Ro = Rz hom*Z*Pi*rz*L( )
Row =R TR +R,
R = 1 _ 1 =0.000172C/W (L4)
h*pi*D*L 28607625 pi *002*323
m(rro] In( oozz/zj
==\ 00212 _g 7g894¢10%°C W (15)
2* pi*L*k,, 2*pi *323*48
1 1 _
R, =0.07021849C /W (16)

" h*pi*D,*L  6.38 pi *0022*323

Row = R + Ry + R, = 0.000172+9.78894:10° +0.0702184%: 0.0704C /W (L7)



The thermal resistances of the conduction throbgtbtare pipe and the inner convection are too stoalpared
to the outer convection resistance. They can béatgl without causing any significant errors (fessed in
the insulation part).

4.4. Rate of heat |oss.

The rate of heat loss is:
Q - Tambient Tfluid,mean - 20-525 - '46164W(18)
Roa 0.0704
Ignoring the thermal resistances of conductionubtothe bare pipe and inner convection, a ratesaf loss of -
462.84 W is found, which corresponds to only 0.2%ifference.
Accordingly, the rate of heat loss per unit lengtteter) is:

Q_ 46164 _ 14 swim(19)
L~ 322

Q/meter =

4.4. Surface temperaturedrop.

The temperature drop across the pipe is then:

AT, =Q R, =-46164%9.7889410° =-0.004519C(20)

One can notice that the temperature between ther Emd outer surface of the pipe vary by only 03A®C,
which almost zero. The pipe is isothermal, whichangethat the inner and outer surface temperatusethe
almost the same (45°C) which confirms that the breasfer is mainly caused by outer convection.

4.4. Heat losses for the whole residence.

With the plans of the Annex Residence of Al Akhawadyniversity, the length of the pipes coming intbtlae
apartments is 1763.1 m.
Using the rate heat loss per unit length obtairseties:

Qua = Qe * Ly = ~143%17631=-25198.9W= -25.2kW (21)

4.5. Calculation of the current cool down time.

An estimate of how quickly hot water cools dowrthe pipes after closing the taps is given by Neigttaw of
cooling [1]:

-1
—er_
T(t) = Tsurrounding + (Thot _Tsurrounding) * e[”fcp Rl J (22)
By neglecting both inner convection and conductfoough the bare pipe:
R S
T(t) - 20+ (525_20) * e[ 10.01*4182*00702} (23)

Assuming a minimum useful warm temperature of 3Qt@, water reaches it in approximately 3500 sec (58
minutes). Users have only 58 minutes between ht#rnveraws in order to not wait and loose water.

5. Insulation analysis.

To measure the heat transfer within an insulatpe,piesistances in series similar to the un-insdlaase are
computed added with the resistance of the insuldtger. Figure 4 shows the new cross section anuotef 5
shows the corresponding thermal resistances network

Figure 4: Cross section of an insulated pipe.
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Figure 5: In series resistances in an insulated.pip
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The different thermal resistances are then:

In L)
1 _ _ r

I.
J In[3]
: . _ _ r, . _ _ 1
W’Rl B Rpipe _2* pi* k * L’RZ - |%nsulation T o~ 2 I RO = Raonv,z = - @@ (24)

R =Rowa= " 2% Pi* K, o * L o 2% Pi*r* L

The total thermal resistance is the®: =R +R +R, +R,

5.1. Insulation thickness calculations.

The calculation of the insulation layer thicknespehds on a given mean bulk temperature of watéraan
desirable outside temperature. An approximate detsurface temperature of 27 °C and a thickneds5otm
are found after doing several simulations for défé insulation layers using the software TechQa&rsion
1.0.2.7). The choice for the insulation materidibgrglass due to the facts [3, 4]:

- Fiberglass is very cheap compared to other insulatiaterials used in pipe insulation (like minealoW

or spray foam),

- Flexibility in terms of installation (easy to inffja

- Environment friendly since it is composed of 70%yaded glass,

- High fire resistance (not combustible),

- High water resistance (recovers all its propewiésr drying if there was any contact with water),

- Does not shrink or expand with heat (dimensionstifble),

- Resistance to insects (not easily damaged),

- Low thermal conductivity (0.04 W/m.K),

- High chemical resistance,

- High tensile strength,

- Low moisture absorption,

As previously shown, the inner convection and pipaduction thermal resistances can be omitted, tirdy
outer convection and insulation conduction therresistances are considered. Once a thickness whiimn
and a desired percentage of reduction in the rfdteat loss are chosen, the values of the theresédtances are
computed from which the exit temperature of theepip obtained. The calculation is based here agrithe
shower of apartment 6 in building 7.
Using the surface temperature of 27°C, the therimgsipal properties of still air at film temperatune:
T - Tanbient +Tsurface - 235°C (25)

2

film

To determine the natural convection coefficient, wee the same method as in the previous case.
The volumetric thermal expansion coefficientds: 1/ (23.5+273) = 0.00337268 (1/K) from which the Grashof
number is obtained:

_ 3
o = 9T ~TID;
U

=135862.078(26)
The Rayleigh number is then:
Ra =Gr *Pr=135862.078 * 0.729999=99177.95867(27)

and the Nusselt number:

1

* 6
Nu={06+ 0387 Ra" | _779(28)

927

055916

1+
Pr

Finally, the outer convection is found to be:
k*Nu _ 0.025399 7.79 _

h, = D 0052

380 /m2.°C (29)

[o]



The natural convection thermal resistance becomes:

_ 1 _ 1 - 0.0498514% W /m2.°C (30) The thermal resistance
h,*pi*D,*L 3.8* pi *0052*32.3 _of the insulation layer

IS:
m(rgj In( 0052/2j
I, _ 0022/2

Rnwlation - 2% pi * L kinmlaﬁon - 2% pi *323*004

R,

=0.10601758°C /W (31)

Finally, the total thermal resistance is:
Reoa = Rusiaion ¥ R, =0.10601758+0.04985148=0.15586902 °C /W (32)

Knowing that the rate of heat loss from the nondated pipe is -461.64 W, so for a 50% reductibe,hieat loss
from the insulated pipe should be:

O, ey = Yreduction* Q = 05* (~46164) = -23082W (33)

non-insulated

This condition leads to the exit temperature:

T, - Tfluid

_ " ambient

Qinwlated -
Rtotal

Thia = Tampient ~ (Rota ™ Qinsuatea )

Ti + Texit —

inlet 2 - Tambient - (Rtota] * Qinsulated )

Texit :2 * (Tanbient - (Rtotal * Qinwlmed ) _Tinlet
T, =52°C (34)

For a 1.5 cm thickness of fiberglass insulation5026 reduction in the rate of heat loss leads toexih
temperature of 52°C. Hence energy is saved by dsicrg the rate of heat loss, but also hotter wiatebtained
at the fixture.

5.2. Calculations of the cool down time after insulation.

The Newton law of cooling is used here again anfilistrated on the following graph (figure 6):

Figure 6: Cool down curve for the current system.

Assuming a minimum useful warm temperature of 3@i@& can see water reaches it in approximately 8860
(142 minutes). In other words, users have 142 rambetween hot water draws in order to not waitlande
water. If one compares this value to the previoos (67 minutes), he can see that the allowed tieteden
draws has approximately doubled, which means thatsuhave more flexibility and more importantly,teva
waste will be reduced.

5. Cost of insulation.

An average price of 50 MAD/Kg of fiberglass has héeund. To compute the cost, the required volumg a
mass of fiberglass needed to insulate our pipeaegded. The volume is found with:



Volume = 77* L* (r,2-r,2) = 307m* (35)

Since the density of fiberglass is 0.032 gictne needed mass is then:
Mass = Density * Volume = 98.37Kg (36)
From these previous calculations, the purchase fsithen:

Price=50*13824= 4920MAD (37)

For the installation costs, one cannot deterntieentin advance because they depend on the number of
needed workers and their daily salary. Also, thpmshg cost depends on the chosen company and otary
factors. Accordingly, this study uses only the e cost as reference.

6. Energy savings.

A similar study has been conducted in Victoria, #aiga [5]. An approximate water consumption fort ater

is extracted for medium apartments: the daily hatew needs are around 200 liters for all occupéntsan
average of 2.5 persons per apartment), and usinbeafixtures of the apartment (shower, kitcheta,)e From

this result, the daily needs of the residence inwader are: 200*64 = 12,800 litelGne can then easily estimate
the time needed to heat this amount of water. Atingrthe gathered documentation from the ground and
maintenance department of Al Akhawayn University tuel boiler has a useful power of 600 kW, whickans
that:

Pu x At :mxcp><AT

At = 992.3x 12235C 4179%40 _ 3538.625e¢38)

Knowing that the volume flow rate of fuel throudtetboiler is the useful power divided by the cdiorralue of
one liter of fuel, we have:

600

Ve =

Accordingly, the amount of fuel needed is: 0.0188%2 = 63.7 liters/dayConsidering the heat losses through
the pipes un-insulated only, it represents a peagenof the useful power of the boiler: (25.2/60M0 = 4%.
With the proposed insulation, the heat loss is cedwy 50%, which corresponds to only 0.5*(25.2)6000 =
2%. It is equivalent to a daily savings of: 0.02763 1.274 liters. As a result, the yearly fuelingg are about:
1.274*365 = 465.01 liters.

The savings calculated before concern only endrgwyever, after applying insulation, other savingk @ccur.
First, the time needed for hot water to reach ikteirfe will decrease since the total thermal resisé increased.
Like in the steady regime, heat loss during theeady regime, which occurs at the beginning, weitrtase, so
hot water will get faster to the fixture. Accordingthe volume of water that goes down the drait décrease
significantly.

Conclusion

In a nutshell, hot water pipes insulation is aricefht and effective way to reduce energy and whitsses. In
this study, the rate of heat loss in the currestesy is estimated, and it is tried to minimizesing fiberglass
insulation. The main advantages are the extenditimeocool down time for hot water trapped in thipes after
each use, which means that the interval betweerstwoessive draws has been extended, giving themae

time to benefit from that hot water. In additiohgtenergy waste that occurs during the pipes’ ojperas

reduced. For water and time wastes, it has beablestted that the waiting time for hot water dese=a
significantly along with the amount of water thateg directly down the drain. Finally, it appearattapplying

fiberglass insulation is very cheap and doesn’tiiregany special skills or funds.
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Nomenclature

Symbols Nameynit Greek symbols
a thermal diffusivity, m.s*
Asi surface area, m v kinematic viscosity, f1s*
c, specific heat, J/kg.K B thermal expansion coefficient, 1/K
D; inside cylindrical pipe diameter, m o0 ambient, -
D, outside cylindrical pipe diameter, m
g gravity acceleration, ni/s Exponent, Indices
Gr  Grashof number, - i inner
h; convection heat transfer coefficient, W/m.°C e exit or outlet
h, convection heat transfer coefficient, W/m.°C o} outer
k thermal conductivitp/m.K
L length, m
m  mass flow rate, kg/s
Nu Nusselt number, -

P, useful power, W

Pr  Prandtl number, -

r, inner radius of the pipe, m

r, outer radius of the pipe, m

Ri  thermal resistance for inner convection, °C/W
R; thermal resistance for the conduction throtinghgalvanized steel pipe, °C/W
R, thermal resistance for the insulation layer, °C/W
R, thermal resistance for outer convection, °C/W
R« total thermal resistance, °C/W

R, Rayleigh number, -

Re Reynolds number, -

T1.0.3 surface temperatures at the different intersestimtween layers, °C or K
Tsi inner surface pipe temperature, K or °C

Tso outer surface pipe temperature, K or °C

T¢ film temperature, K or °C

T1uid mean @VErage temperature of the fluid, K or °C
Thee Mean bulk temperature of hot water, K or °C
T; inlet temperature, K or °C

T. exittemperature, K or °C

Teo- Taurrounging  @mbient temperature, K or °C

V*  volume flow rate, fifs

V  average velocity, m/s
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