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ABSTRACT CLASSI FI CATI ON OF WELL HEAD EQUI PMENTS

Different well head equi pnments are required According to the wells to which they are
for -geothermal wells wth different fluid applied, well head equipnents are divided into
paraneters and di fferent utilization hi gh- medi um t enperature type and | ow
systems. Appropriate choice and reasonable = tenperature type. I'n high-nmedium tenperature
design of well head equi pments are of (above 100 deg. C) geothermal fields, the
importance because the geothermal well is the fluid at the well head may be a mxture of
key to the overall utilization system The vapor and liquid, therefore, in applied
aut hors began the research proj ect of engi neering systens, the well head equipnents
geot hermal  wel | head equi prents in 1983 and can be cal ssified as direct liquid
the equi pnents include well punps, separators, transm ssion, two-phase flow transm ssion

heat exchangers, downhole heat exchangers, si ngl e- st aged separation, mul ti-staged
sand renovers and pipes. Beginning from this separation, downhol e separation and downhol e

year (1988) we started trying conputer aided heat exchanger. (Pan and Qi, 1986)
design of the well head equi pments. This paper

summarized our effort on this work. The direct liquid transmission type and the
two- phase ~ flow transnission are consisted of
val ve group and expanders. In the mlls of the
Tasman Pulp & Paper Co. at Kawerau, New
FORWORD . Zeal and, the two-phase flow tranm ssion type
is adopted, and the geothermal fluid is
Included in the well head design are |ogical delivered to a place adjacent to the mlls and
reasoni ng, judgenent, choice of equipnents, separated for use. For power generators on
cal cul ation for design and output of designing I'i qui d-domi nated geothermal fields, dry vapor
results as blueprings. Al these work are is required and there nust be a separator at
bei ng carried but by conputers with the the well head to separate the vapor and
deepeni ng research and devel opnent of I'iquid. Hi gh-tenperatured and hi gh-pressured
artificial intelligence and conputer systens. geothermal fields may need separators of nore
Qur final aim is to simulate the working "than two stages and be equipped with water
process of human experts in the design of well collector, safty valve, controlling orifice
head equipnents, the core of utilization plate and such and such® matching . systens.
system and to conplete a expert system for Equi pnents of this type are under use in high-
the design of well head equi pnents, since the tenperature and |iquid-domnated geotherm
artificial intelligence of the expert system fields in many countries, e.g., Wiirakei, New
is the closest to the practical application. Zeal and. (Ar st ead, 1978) Study of the
The artificial intelligence was limted only downhol e separator type well head equipnments
in laboratories in the past tinme, but now it was initiated in the Geothermal Institute, the
is widely used in a variety of pratical areas, University of Auckland in New Zealand in 1982
and it is applied even ;nh the irregul ar and the first paper on this study was
organi zation of know edge, \nich used to be published in November, 1984, (Kanyua, 1984)
t hought nost inappropriate, (Liu 987) But but no report on practical use has been found
unli ke common conputer softwares,’ t%e expert up till  now. As for the downhole heat
system is a system of intelligence, whi ch exchanger type, it does not need to punmp the
requires bases of know edge, structure of geot hermal fluid uphole. The well head is the
intelligence and dat abases, etc.. W have not inlet and outlet of a downhole heat exchanger
obtained this perfect goal up till now and and the clean water is circulating in the heat
further effort is required, therefore, we exchanger to absorb the heat downhol e. Mor e
describe our present work as conputer aided than 600 sets of equipnments of this type are
design of well head equipnents. This paper is under use in America, New Zealand and other
devot ed mainly to the conpilation of a countries. (Pan, 1983)
conputer program for the well head equipnents
and this program should be capable of design . .
of each piece of the above ment i oned Wwel | head equipments for | ow-t enperature
equi pment Therefore this work nust be based geothermal ~ fields (less than 100 deg C.) are
. classified as those for artesian wells and

on the conplishnent of design of various types
of well head equipnents. A program has been
witen in the BASICA |anguage and debugged on
the |IBMXT .conputer. W wll replace the
BASI CA |language with the C | anguage in order
to inprove the efficiency of the program and

: ] head need to be designed. To increase the flow
make it transpl antable. Plu 1983) Discussed : ! g
first in th?s paper is(thembasic )ideas and of an artesian well the well head equipnents

. : hould be nodified both artesian and capable
steps for the design of the "well head S - :
equi prents and, then a concise description is $L_bekngdpu?ped._ Th'f poses qfrtﬁha pr?bLem
made  of designing principles of  typical I'S Kind of equipments need a e matching

: : h : conponents for the proper operation of the
ggg:ggﬁnts and consideration of conmputer aided punp, and when the punp stops working, t he

artesian flow may not be decreased. At the
sane time the eauir>ments nust be well spal prf

those for non-artesian wells, and downhol e
heat exchangers nmay be used |ikew se. The one
for the artesian well, that is the well with
an automatic outflow, is relatively sinple and
only the valve bundle and pipes at the wel
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to prevent the |eakage of the artesian flow
There is, for instance, a geothermal well on
the Lizigu Farm Tianjin,. with a well head
tenperature of 96.5 deg C and an artesian
flow rate of 30 or punping flow rate of 60
cubi c

chi chenhouses, greenhouses, fishponds, etc.
(Pan and Q, 1984) In sunmer (May-COctober) the
wel | is closed as there is no need for heat
In spring (March-May) and autumm (Cctober-
December), the artesian flow is enough to neet
the needs. In winter (Decenber-Mrch), a flow
of 40-58 cubic neter per hour is required

This can be achieved by switching on the punp
whi ch was equi pped four years ago and has been
wor ki ng perfectly ever since. There is a set
of simlar equipnments on the geothernal farm
in Tuanbo, Tianjin, which have been working
for two continuous years. For non-artesian
wel | s, punps and nmatching conponents are
required. It is easier to realize as there is
no special technical difficulties

STRUCTURE OF THE PROGRAM

W are intending to establish, with the
conput er ai ded designing prograns, a program
system wth a wealth of know edge and
experiences of geothernmal experts, in a bid to
sinmul ate the working processes of experts Ilike
reasoning, judging and cal cul ation, and the
technology of artificial intelligence and the

know edge in some special areas provided be
experts are enployed during the process. I'n
anot her word, the systemis able to enulate
experts in such conplicated and neticul aous

desi gni ng j obs.

Using the above mentioned classification as
the stem of the program structure and adopting

the block structure to make it clear and
| ogi cal and easy to be understood and
validated, the program looks like-a tree with

nodes of program segnents. The nobst abstract
node is the root of the tree and corresponding
to it is the nmain program segment. The other
nodes are distributed at different parts
hierarchically according to their affinity to
the r oot node. There are
constrai nnents between higher and |lower |evels

and, the higher levels may recall the [|ower
levels while the lower levels serve as the
base of the whole hierarchy. Each node is
relatively independent and shares clear and
certain responsibility. The excution of the

program begins from the root node which
reflects the systematic structure of t he
probl em and the abstract operation is
realized through hierarchical recallings

The design of the
equi pments depend on the natura

geot hermal  wel | ‘head
condi tions of

the well and the need of the user, e.g., wel
head paranmeters like pressure/water |evel
flow rate, tenperature and utilization
coefficients like heat load, water quality
and/or tenperature requirenent, etc.. The
di fferences of t hese paraneters and

coefficients make the designs different. W
are wor ki ng on a design of a set of
satisfactory equi pnents through reasoni ng

judgement and choices of equipnments according
to these paraneters and coefficients and
classification. Therefore, by a thorough
under st andi ng of the well head desi gn
knowl edge, we divided the design job into
sever al parts and found out the relationships
and restrictions between them and finally,
worked out the flow chart of the program

(Fig.l)

We considered the
program desi gn:

following points in the

neter per hour supplying heat for the.

definate
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1. design downward fromthe top, gradual |y
perfect the program according to the system
configuration and the desired quality of
the software

2. the program and the data are processed
separately, the program structure and the
data structure correspond to each other.
Flexible controlling and convenient check
are thus realized

3. a nodule body is conpiled for each piece of
equi pnent s, whi ch has a strong
i ndependence. These will be expanded | ater

DESI GN OF TYPI CAL EQUI PMENTS

Fig.l shows that the main program has designs
of several typical equipments. W conpiled a
modul e, or a subroutine for each typica

equi pnent desi gn, whi ch is relatively
i ndependent and has relatively perfect
functions. These modules may be recalled
during the excution of the program The design
principl es of these nmodules are briefly
described as follows.

1. punp choice and its nmmtching conponents
design: The submer ged punp shoul d be
preferably used as it is cheap and easy to be
installed. The working tenperature of the punp
cannot be higher than 50 deg C, therefore the
punp should be the first choice when the
downhol e tenperature is less than 50 deg. C

The nunber of stages and the punp nodel should
be determ ned according to the well dianeter,
the possible flow rate and the required [lift.

Since the geothernal water is generaly higher
than 50 deg. C, the lineshaft punp is very
often applied to the geothermal well. W have
finished a series of designs of punp beds and
punp houses for different punp nodels. (Pan
and Qi , 1986) Once the punp nodel is chosen

the construction drawings for the punp bed

punp house, suppl ementary pipes and working
guide and technical desire may be finished by

the conputer aided design. system on t he
plotter. ’

2. design of the surface heat exchanger: W
chose the nost widely used shell and pi pe

heat exchangers and the plate heat exchangers
as the surface heat exchangers. The concerned
mat hemati cal formulae and design steps were
quoted from the existing literature. (Kern
1970; Xu Zhongquan, 1987) The heat exchanger
may be selected by the user according to his
own financi al circunstances = and field
condi tions. The conputer aided design can
output the coefficients of the heat exchanger
and its installation diagram .

3. design of the downhole heat exchanger: The
downhol e heat exchanger nmy be enployed when
the heat load is small, the perneability and
tenperature of the geothernal reservoir are
hi gh enough. It has the advantage that it does
not need to punp the geothermal fluid and has
no harnful effect on the environment and the

geothermal . reservoir. The program for the
downhol e heat exchanger design was adapted
from a previously conpleted optim zation

program (Pan et. al., 1987) and it can
automatically optimze 15 geonetric and
performance paraneters for the downhole heat
exchanger and, at the sane time, it can design
coaxi al pipe (annular type) heat exchanger and
'"U type heat exchanger according to the known
paranmeters of the geothermal well and the need
of the user. A perforated casing or a
convective pronmoter pipe should be used to
increase the convective flow in the geothermal
wel |



4. design of the sand remover: Through careful
and repetitive conpari son we sel ect ed
rotational flow remover as the well head sand
renovi ng equi pnent . For wells with defferent
flow rates we designed sand removers of
defferent. sizes. The wall thickness of the
renover was designed according to the well
head pressure. Different materials wer e
sel ected for different water qualities.
Ther mal insulation was also considered. It
should be noted that the sand renmover is not
necessary when the geothermal water is clean
enough.

5. design of the two-phase flow transm ssion
pipeline: The two-phase flow theories enployed
in the design were from Perry and Chilton
(1973) and m ni mum annual cost method from Pan
et. al. (1986). Pipelines may be laid overhead
or subsurface according to the interest of the
users, - and the expander and supporter of the
pipeline were automatically designed by the
conputer according to the pipeline paranmeters
and the design drawing was finished by the
conputer controlled plotter.

of the separator: There are
separators from which we chose

nmost economi cal and nost efficient Weber Type
according . to the suggestions of Arnstead
(1978). The pipe dianeter, which ranges from
76 to 137 cm was determined interms of the
mass flow at the well head, and its geothermal
paraneters were calculated according to the
pi pel i nes of Bagma (1961). Finally t he
strength and wall thickness of the separator
and matching conponents |ike water collector,
safty val ve, silencer and controlling orifice
plate were designed. More than two stages of
the separator, if necessary, will be designed
for high tenmperature and high pressured
geothermal well. The plotter is capable of the
final design draw ng.

6. desi gn
types of

many
t he.

7. design of the water distribution tank: The
number of t he di version outlets wer e
determ ned according to the need of the user,
and the geonetric parameter and materials were
determined by the mass flow rate at the well
head and water quality. The wall thickness and
t he i nsul ating t hi ckness wer e desi gned
accordi ng to the pressure and i nternal -
external tenperature difference. Finally, the
tank supporter was selected according to its
geonetri cal parameters and the installation
diagram was plotted after validation of its
conpression strength by the conputer.

REeo ®

Above was only a brief account of the nodul es
of the program Factually we designed 11
nmodules in all. (Tab. 1)

Tab.l. List of the Mdules

1. | i neshaft punp choice and mat chi ng
conponents design,

2. submerged punp choice and matching
conponents desi gn,

3. design of shell and pipe heat exchanger,

4. design of plate heat exchanger,

5. design of downhol e heat exchanger,

6. design of sand renover,

7. pipeline design (including two-phase flow
pi pe),
design of separ at or and mat chi ng
conponents,
design of water distribution tank,

0. punpless artesian well head design,

1. design of the dual functioned well head
equi pments  (the equipments do not reduce
the artesian flow when the punp is at
| ei sure and the . valve is open) .
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MEASURES TAKEN I N THE PROGRAM DESI GN

Considering the practicability and reliability
of the program we took the fol |l owi ng
measur es: :

1. desian of the man-machine interface: In
order that the user may comander the software
in a short period of time, we enphasized the
friendliness of the man-machine interface. A

hierarchically strucuted nenu was designed and

“each frame was elaboratively worked out. All
the information concerning the geothermal well
and the interest of the user are to be input
by the user. An  ojptinum design is then
acconplished by the conputer through ‘strict

“achi eved

.user.

cal culation and optimn zation.

2. security: By nmeans of the trap method, the
operative errors of the users may be tolerable
and the excution of the program connot be
i nerrupted because of the casual carel essness
of the wuser. The best cooperation is thus
bet ween the designer and the
comput er.

3. autommtic drawing: In order
desi gni ng process, we used
controlled plotter of the CAD
acconplish the design draw ng. (Tong, 1987)
Modi ficati on, mani fication and " reduction,
transtational nmovement and rotation of the
drawing may be realized at the wll of the
The drawi ng include those of technical
processi ng, overal | installation and
conponents. This can not only replace the
routine work of many engineers, but help the
designers with their creative works.

to perfect the
the conputer
system to

4. optimzation calculation: In the above
mentioned design of surface and downhol e heat
exchanger, punp and matching conponents, sand
remover, pipeline and separator, optimzation
cal cul ation was enpl oyed, t he obj ective
function were usually the |owest cost, the
best per f or mance, t he nost reasonabl e
structure, etc.. During the process of
optim zation, a nunber of variables that are
directly or indirectly related to t he
objective function are selected and, whil e
t hese variables affect each ot her, the
conputer, in térnms of the optim zation
principles, searches many times the parameters
mul ti-dimensionally to get a set of optinmm
paraneters. These paranmeters ensure t he
opti mum ‘desi gn.

5. database: The designing calculation require
tables of steam thermal properties of air,

paraneters of steels and insulating materials,

nmodel s of punp, etc.. A database containing

t hese information is. being presently

est abl i shed, which will be an independent

nmodule of the program and may be recalled

whenever necessary. Sone data can only exist

in the formof tables, while others, e.g.,

tables of vapor, thermal properties of air,

my be expressed in analytical formulae to

save the space of the internal storage of the

conput er.

Tab. 2. List of the Sub-Bases of the Database

1.) table of conpressed water,

2.) table of steam and saturated water,

3.) table of thernal properties of air,

4.) table of nmodels of deep well punps,

5.) table of npdels of subnmerged punps,

6.) table of anti-corrosion properties of
met al s,

7.) table of strengths and prices of nmetals,

8.) table of nodels of pipes,

9.) table of insulating materials and their
thermal properties,
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10.)
11.)

table of pipe auxiliary conponents,
table of friction resistances of fluids.

We shall design
to realize the
the man and

6. artificial intelligence:
"intelligence consulting nodel"
"consulting dial ogue" between
machine. The ways in which the answers are
give should be diversified to support the need
of the user, we shall do our best to nake full
use of the natural human intelligence in the
expert system

CONCLUSI ON

capabl e of

sand renover, water
transm ssion pipeline
punp, but the results

Qur present programis already
designs of separator,
di version tank, wat er
and choice of nopdels of
are not yet of satisfaction and further
i nprovenents are required. Qur final aimis to
establish an expert system for the design of
geothermal well head equi pnents and our work

is only a prelimnary study hitherto.
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