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STWDY ON THE CPTI MM DESI GN CF THE | NDI RECT
GEOTHERVAL HEATI NG SYSTEM
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ABSTRACT

In recent years sone geot hernal

in China have been transforned
heating system into indirect ones. The
materials used to nake the plate heat
exchanger are anticorrosive plated mld steel,

heating system
from direct

stainlees and titanium This paper explains
the reason why the transformation is needed,
and describes the fan coill of the air
condi ti oner used in  conjunction wth
geothermal water. Mat hematical nodels for
Indirect low tenperature geothermal -heatin

system have been established, FORTRAN 7

sof tware desi gned and techno-econom ¢ anal ysi s

nmade. The results can be wused in the
feasibility study of  geothernal heat'i n
proj ect and -engineering. - Exanples o0

engi neering application are also given.

I ntroduction

China will rely on coal as the main source of
energt/) at least till the end of this century,
but urning much coal will badly pollute the
atmosphere.  The air pollution in rmn?/ Chi nese
cities has reached the sanme severe Ilevel of
pollution as that in the devel opde countries
of 1950s. - .

At least half of China's cities and towns mnust
have heating in winter. According to the
neasurenents made -in the heating period in
Beiji n?, 77% of sulphur dioxide in the air
cones fromthe coal burning boilers and snall

stoves. In many regions in China there are
abundant |ow tenperature geothernal resources,
which are rational and usable in heating. |If

they are used properly and treated by effluent
reinjection and- treatnent, - environnental
pollution can be reduced or elininated. . In
recent years direct economc and indirect
soci al benefits-have been reaped.

For the sake of saving investnents geothernal

water was nostly directly fed to the heating
system in early stage of geothermal heating.
As nost of the geothernal water contains
chlorine ions, they corrode netals badly, and
sonetimes the equi pment scales heavily. If the
direct heating systemis converted into the

indirect by using plate heat exchangers, and
using clean circulating water to absorb the
heat from geothermal water, the above-
menti oned shortconings can be avoided. But the
initial investment In the heat exchanger will
be high. The energy source conparable to
geothernal energy in China is coal, which is
rat her cheap. t it is usually very unlikely
to conpensate the initial investnent in heat
exclhangers with the noney saved by burning
coal .

In the past

few years changes have taken
place. First,

facing the bad air pollution in
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Chi na

rran?/ cities and towns by burning coal, the
public and authorities are willing to harness
geothermal water. Secondly, the corrosion in
the existing 1geot hermal heating system is
wor seni ng year fromyear, and at the same tinme

the price of coal is going up so that th
i

e

i nvest nent in the eating system s

increasing. It is now economcally possible to

use the indirect system with plate heat
~exchangers.

A typical .exarrple is a geothernal system put

into operation in the northern suburb of
Beijing this year. See Fig. 1. This system
heats six buildings with geothernal water and
supplies hot water for daily use. The term nal
unit - in the room is the fan coil in

conjunction with air conditioners. The use of
the plate heat exchanger revents the
corrosion in the fan coil, but the tenperature
drop for heat exchange is required.

L E/'

1. geothermal well B. conpressor

-2.wwit steJUt t ur bi ne punp

3. titanium pl ate heat exchanger

4. fan coil 9. candensex
%. circulation punp  10. to heat- sink
6. ‘evapor at or 1t. domestic hot water

7. expansion val ve 12. aquacul ture

'Fﬁ'g.l-

The optimum design of such a systemnust be
worked at so as to make full use of geothernal
resources, to select the appropriate area of
heat exchange and to gain even better benefits
i n geot hermal heating. '

The Establishnent of Mthenatical Mdel s

The schenatic diagramof the low tenperature
indirect heating system without peaking [ oad
is shown in Fig. 2.
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The systemis conposed of three sections: 1.
the section of geothernmal water, 2. the
section of the heat exchanger, and 3. the
section of circulating water. Suppose the flow

rate GA of the geot her mal wel |, t he
tenperature TI of the water in the well, and
the distance Lg fromthe well to the heat
exchange station, and the initial investnent

TGO are known.

| . Heat exchanger The initial investnment (only
the initial investnment in punps and notors T
and investnment in"heat exchangers Tofe are
considered.) and cost of operation (only the
annual cost of geothermal water Ghi , annual
el ectric charge Gfi2 i managenment expenses pl us
wor kers' wages and mai nt enance cost QyK? ) are
t he functions of t he foll owi ng seven
i ndependent variables (Nsy , N* »Nad ,N8d , G«

, -At, TG). On this sectionthe followng
constrai nments shoul d be i nposed.
(1) The equation.of heat transfer is
At | -At, FM 1
. = (_’]_)
At , a U- Ax
Ln ' :
(At
Rearrangement of Eq (1) results
& - Gp_r
{ 1)
G4 Cpa
. T -TG
Gx* ‘px*Ln
Gx ' €
T-TG ( ————B% -1 )»At
Ga
.FM- FOe< ( Ngx *Ngx+ Nad*Nga ) =
n
DB Nax
+ RF+- +
BK G, - DE n
ool Y e Pe
DE FB * fAX
Nag
P (2)
* n
c- g ( )'Frm2
DE FB « M
(2) The pressure drop through the exchanger
APy - APy <=0 (3)
APy - APy <=0 (4)
i.e.,
-1, F B f 248, (z+B)
A e Hzrec(-}——,‘ ('3—‘ + sRHNux ~AFg <=0
4 FB
(5)
ri DE gl G 245 -{2tB
Al - Kmqf *Nsy -Ndd(z © - APA<=0

(6)
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(3) The conbination of the through (Nunber of
water feeds ) and the passes.

The conbination of the through and passes must
satisfy the follow ng equation

. N Nsa - Ny Ngy| -1 <=0 (7
DO Npge Nsg - NgxeNgg -1 <= 0 (8)
Njy*Ngy = NgjoNgy -1 <= 0 (9)

(4) The relationship of tenperature

TG - T|< 0 (10)
TH - TP< 0 - (1D
i.e. .
Gy = L
TG - Tl +(- P yeat <0 (12)
& * opa

2. The circulating water This section consists
of the indoor pipe network (vertical pipe and

branch pipe ), i ndoor supply and return pipe
networks. The initial investment in the above
items and the cost of operation (Only the

annual electric change C of the circulating
wat er punps, wages of the nanaging personnel
C , nmnagenment expenses C of the pipe network
are considered.) are the functions of G , t

and TG In"this section exists a tenperature

constrai nnent. .
TH- TN > 0 (13)

i.e. TN - TG +At < 0 . (14)

3. As for the section of geothernal water, the
initial investment Tgc$ in the pipe network
can be deternined by the known conditions. The
initial investnment TGO in the sinking of the
wel | can be obtained by the statistics.

4. Based on the nmathenmatical nobdels of the
above-nentioned sections, with the lifetine of
t he sections bei ng gi ven, t he total
mat henti cal nodel can be established using the
net present value nmethod in the technoeconomc
assessment, the objective function F is
m nimum cbhst spent in the recovery of  unit
heat .
Synbol s
&x —the flow rate of the <circulating water
kg/'s
At -- the possible tenperature drop (supplied
and returning water) in heating °C
TG — the tenmperature of t he suppl i ed
circulating water °C

&4 —the flow rate of geothernal Water kg/'s

Nsx — t he nunber  of t he passes of the
circul ating wat er in the heat
exchanger

N'X — t he nunber of the through of the
circul ating wat er in t he heat
exchanger - ]

N~ - - the . nunber of the through of the
geot her mal wat er in t he heat
exchanger :

N54-- the nunber -of the passes of t he
geot hermal water in the heat exchanger

DE -- the equivalent di anmet er of t he
t hrough m

FB -- the secti onal

area of the through of‘
the heat exchanger m

°px — the specific heat of the circulating
wat er J/ kg°C
‘pa —the specific heat of the geothernmal
wat er J/ kg?C
Tl -- the well head tenperature *C
FM — the correction coefficient of nmean



tenperature difference
FD -- the area of plate heat exchanger pﬁ%

pi ece
DB —the thickness of a piece of plate
heat exchanger - m
BK -- the conductivity of the plate heat
exchanger : JintC
RF —the dirt coefficient nf-°C /J
AP,—the [imt pressure drop through the
heat exchanger PA
TN -- indoor design tenperature °C

The Results of Optinization

Based on the nmathenatical nodel, using the
penal ty function method in mathematical
planning and FORTRAN 77 |anguage, t he
uni versal software OPS3 for the optinmum design
of the low tenperature geothermal heating

was conpiled. In

s%/st em w thout peaking |oa
choosing the types of the heat exchanger and
radiator the OPS3 is applicable to the optinmm
design of any geothermal well and find any
OPII mum design parameter needed. Besi des,
after inputting the practical data of the
present engineering in China and applying OPS3
to the analysis of the above nodel, the
foll owing concluations are reached.

1. The optinmum flow rates on both sides of the

exchanger are rou%hly the sane. They are
i ndependent of the wellhead t enper at ure,
wellhead flow rate, the distance from the
well to the heat exchange station, and the

initial investnent in the sinking of the well,
and the t%pe of the radiator. They are related
only to the tyﬁe of the plate heat exchanger.
Pl ate heat exchangers of the same type have an
optimum flow rate (or econonmic flow rate),

ich can serve as the basis for the optinum
design of the plate heat exchanger.

2. The ratios of the optinumflow rates of .the
geothermal and circulating water on both sides
are within 0.8-1.0, nostly wthin, 0.9-1.0.
Wen the wellhead flow rate increases, the
side of the circulating water is the smaller
one", when the wellhead tenperature goes u
,and the initial investnent in the sinking o
the well i ncreases, the side of t he
circulating water is the larger one.

3. The distribution of the feasible districts
From Fig.3 derived is relationship between
the wel lhead . flow rate and wel | head
tenperature. Fig.4 is the feasible district
when the heating cost O is ¥10/10%KJ. It can
be referred to in the discussion of the
feasibillity of geothermal heating.

Vo,

vel | head temp.T1

i s 2Kg/s
geot hennaX flow rate&d
Fig. 4

4. The selective curve of the optinmm heating
area

The optimum heating floor area is minly
determned by the wellhead paraneters. Wen
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the investnent in the sinking of the well and
the distance from the well to the heat
exchange station are not taken into account,

the optimum heating floor area can be derived

fromFig. 5.

space heating floor

gptioum tenp, dro
area of optimm AS w P
10? @?

T1-TP

g

$oc ho 7» 'C 'J_Iﬂ . é.a ﬁ
wellhead temp. T1 . wel I head tenp. T1
' Fig.5 Fig. 6

5. The selective curve of the utilizable
tenperature drop of geothernal water

The optinum utilizable tenperature droP of

is determned by wellhead

geothermal water ) ) | he
parameters. \Wen the investment in the sinking
of the well and the distance fromthe well to

the heat exchange station are not taken into

account, the optinum tenperature drop can be
derived from Fig. 6.

6. The selective curve of the optinum
tenperature of the circulating water. )
From Fig.7 it can be seen that the optinum

tenperature of the supplied circulating water
has nothing to do with the wellhead flow rate,
neither wth the initial investnent in the
sinking of the well. However, it is directly
proportional to the wellhead tenmperature TI.
Its selective curve is shown in Fig.7

tenp. aficiie&laticra
water TG i - drop of optinmm DT

°C .Gd=10.0Kg/s "¢ DI=TG TH
weber AQIZ13. 0Ky s /

1 " 1
5'« bt> -7a "¢
wellhead .temp. T1 wel | head tenp. T1L
7. The selective curve of the optinum
temperature difference between the supplied

and returning circulating water

The temperature di fference between the
supplied and returning water is mai nly
determ ned by the wellhead parameters. |f the

initial investment in the sinking of the well
and the distance fromthe well to the heat
exchange station are not considered, its
selective curve is shown in Fig.8.

Al the above-nentioned can be for reference
in the feasibility study of  -geot her mal

heating, and also serve as the basis for the

circulation water tenp,.
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prelinmnary design and the construction design
of the indirect geothernal heating system
Wien the industrial waste heat is used for
heating, and wasted hot water is not allowed
to enter the heating systemdirectly and has
to undergo heat exchange, - the above-nentioned
nmet hod and concl usi ons hol d good as wel | .

The Application of the Qpimzation Results

Table | and Il list the initial data of the
five user of geothernmal heating and the out put
results of the optimzation design of the
indirect plate heat exchanger without peaking
| oad.

The first line of the first user in Table 11

is the result excluding water resource fee.
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fee is not charged. The higher the water
resource fee, the |less economcal the system
and this wll be analyzed according to the
actual thermal price.

The cost of the fourth user in Table 11
is because the wellhead

hi ghest. This
rate is too small,
too low, and
sinking of the well is

system the indirect heating without

_the wel | head
the initial

too hi gh.

load is obviously not appropriate.

If "the heating
second- and the
i ndi rect
and gain economc
users are | osing.

third

enefit.

is the
flow
tenperature

investment in the

For such a
peaki ng

cost is ¥10/10'°KJ,only the

I users can use the

heat i ng sgst em wi t hout peaking
The ot her

| oad
three

the scope of

The second line is the result including water For the sake of expanding _
resource fee, ¥2. 8X10~*/kg. geot her nal the indirect heating systemwith
;])_eakl ng load has been used in some places.
From Table Il it can be seen that when the his practice can raise the economc benefit
user has to pay the water resource fee, the and increase .the utilization of eot her mal
area of heat exchange nust be expanded to energy. The study of the optinum design in
increase the quantity of heat exchange so that this respect remain to be discussed.
the cost can be made nininum The cost at this ] _
point is higher than when the water resource $U. S. 1. 00=¥3. 80( Chi nese yuan)
Table ~ Initial. data of well and equi pnent
_ Distance . gy Water
User| Temp, & | o {ronghthﬁ Wtell ol o Eﬁgﬁgg? .Hggtrlng resource. |Radiator
Seriwellhead | F1OW rateeg(chaﬁgerea Dapth | Well cast.. type area  ifee. needed| tYP®
or not
Ho. | T (°G) | Gd(Kg9 Lg (m) h@m) | ¥10° 2
' atainless|;  ~ cast iron
1 58 16.7 400 600 300 steeIBposlfoQQo yesorno |5 o
- : titanium {40,000 na cast iron
2 75 16.7 600 1500 75a Rl:rm] . fvgc}qt .
p stainless| nn ube
stainle cast iron
4 48 6.7 200 1500. 750 StFQLRIDq 8,000 .no it 813
' anle . cast iron
5 64 16.7 150 500 450 el Ryt 40,000 . yes o
Table Il The output results of the optimzation design of the user after rounding
: of Phe through and passes at the plate heat exchanger
Throuak & After circulation water Temp.drop | Area of Area of |{Hesating
User assgs rounding} Flow SuppliedjTéemp. | Cost |AT of the heat the floor
p off rate Temp. |drop geothermal | exchanger|radiator| area
' DisaXlly salW | 5 - . : — >
HO. Maix i, N < Kg/a)l TG(°C) | At(°C) | ¥/I0KJ c m m
10.96x12.28 11x12 . . _ -
. 1 15x12.07 | 11x12 15.8 542 29.5 | ‘11.49 27'9. 137.8 19510.8 | 33456.6
11.35x15.23 | 11x15 ;
T Ixx15 47| Tixis 17.4 53.2 30.9 13.69 32.2 172:1 24978.6 138571.0
11 ,74x 4.18| 12x4 1 :
2 T1.06x 4.08| ox 4 16.4. 67.9 44.1 9.18 | 43.3 81.5 _21764.0 51914.1
9.48x13.3 | 10x13 - , .
3 0.48x13.3 | 10x13 u-~3 64.1 37.6 9-79 38-7 135.7 27352.3 38594.0
15.7 x9.63 | 16x10 :
4 157 %967 | I6xi0 7.7 435 24.4 26.61 28.0 112.4 14428.8 | 13486.0
32.3 x8.t 32x8 : :
5 35 1xx8.1 3x8 16.3 59.6 . 38.6 11.59 37.7 179.6 25047.8 |45162.5






