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NGHIEN CUU PHUONG PHAP TiNH TOAN XAC PINH CAC THONG SO
CO BAN CUA HE THONG BOM SU DUNG NANG LUQNG MAT TROI
CAP NUGC SINH HOAT CHO VUNG MIEN NUI

Trinh Quéc Cong', H6 Ngoc Dung', Ho S§ Mio'

Tém tit: Cudc song ciia cong dong cdc dan toc thiéu so ¢ vimg sdu, ving xa, mién niii hién dang con
khé khan. Nhu cau dién nwde sinh hoat con thiéu thén, nhdt la nguon mede sir dung hang ngay dang
bi thiéu hut tram trong do bién doi khi hdu, mua khé kéo dai. Khi co sé ha tdng chua duoc dau tu,
nguon nuwée mdy va nguon dién ledi chiea thé dén duwoe véi cdc thén ban thi hé théng cap nude bang
nang lwong mdt troi (PVPS) la mét gidi phdp hitu hiéu. Hién nay, & Viét Nam, hé thong PVPS hdu
nhw chua duoc ap dung hodc ap dung rat nhé 1é vi chua c6 co sé khoa hoc tinh toan thiét ké cho hé
théng nay. Bai bdo nghién citu dwa ra co sé khoa hoc tinh todn xdc dinh cong sudt ciing nhw heu
lirong hé thong bom sir dung ndng lwong mdt troi xudt phdt tir yéu cau trén. Nghién ciru duoe dp

dung tinh todn cho hé thong PVPS cdp nude sinh hoat cho ban Ling Lu, tinh Ha Giang.
Tir khéa: Hé théng PVPS, cuong do buc xa mat troi, cép nudc sinh hoat.

1. PAT VAN PE

Hién nay, cong dong cac dan toc thidu sb &
khu vuc mién nai, vung cao, vung sau dac biét ¢
cc tinh mién nai phia béc Viét Nam cé cudc
song rat kho khin. Trong d6 van dé cép dién,
cap nudc sinh hoat con dang thiéu thon tram
trong. Do tap quan canh tic nén mot sd cong
déng dan tdc thiéu sd chon noi 6, dinh cu tai cac
suon nii cao, dia hinh hiém trd, giao thong kho
khin. Cac cong dong nho 16, séng rai rac nén dé
dam bao co s& vat chat ha téng, dién nudce 1a rat
kho6. Nhu mot ban nguoi dan toc H’'mong ¢ ban
Lung L ndm & phia béc thi trin Dong Vin, tinh
Ha Giang, ban nay nam & do cao 1220m so v&i
muc nudc bién va cach thi trdn 1200m di
chuyén duong bo. O ddy dong bao chi yéu liy
nude mua hodc nudc sudi dé sir dung trong sinh
hoat hang ngay, tuy nhién do ngudn nuéc sudi &
rat xa khu vy sinh séng nén hang ngay ngudi
dan phai mat rt nhiéu thoi gian va cong stc dé
léy nude vé phuc vu sinh hoat.

Dé giai quyét bai toan cip nudc sinh hoat

! Khoa Céng trinh, Truong Pai hoc Thity loi

cho ngudi dan vung cao, mot trong cac giai
phap hitu hiéu 13 sir dung cong nghé bom bing
nang luong mat troi. Tuy nhién, & Viét Nam,
cong nghé bom nay dugc sir dung rat han ché,
chi c6 mot sd it cong trinh cap nudc bing hé
thong bom stir dung nang lwong mat troi do cac
ho tu nhan ty ldp dat phuc tudi nong nghiép
cling nhu cap nudc sinh hoat. Cac cong trinh
nay duoc thyc hi¢n theo kinh nghi€ém ma khong
c¢6 tinh toan cu thé cong sudt ciing nhu luu
lwong bom dé dép tng duoc nhu cau dung nudc
nén thuong hoat dong khong hi¢u qua. Vi vay
can phai c6 phuong phap tinh todn cong suét
cling nhu luu luong bom dya trén co s¢ khoa
hoc dé ap dung khai thac hiéu qua hé théng bom
nang luong mat troi phuc vu cép nudc sinh hoat
cho khu vuc vung xa, viung sau, mién ndi noi
chwa c6 mang luéi cip nude ciing nhu ludi dién
qudc gia.

2. PHUONG PHAP NGHIEN CUU

2.1. Xay dung cong thirc tinh toin luu
lwgng, cong sudt bom ciia hé thong PVPS

Hé théng PVPS bao gém cic thianh phan
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chinh: (1) bé cép nuéc; (2) may bom; (3) bd
didu khién may bom; (4) tAm pin mit troi; (5)
duong 6ng cip nudc; (6) bé trit nudc; (7) dudng
ong cip nudc cho cac hd tiéu dung (hinh 1).
(Karl institute of Technology, 2020)
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Hinh 1. So @6 nguyén Iy hé thong PVPS

Nguyén Iy hoat dong cua hé thong 14 cac tim
pin mit troi chuyén dbi ning luong mit troi
thanh dién niang, cép dién cho dong co may
bom, may bom s& hit nude tir bé cap va chuyén
nude 1én bé trén dé trir cho cac ho dung.

T4am pin ning luong (PV) hoat dong duya trén
qué trinh chuyén hoa ning luong ctia 4nh séng
mit troi thanh dong dién 1 chiéu (DC) trén tim
pin. Cong suat ctia tAm pin phu thudc vao cudng
d6 birc xa ciia anh sang mat troi duoc thé hién
trong cong thure sau: (Uppsala University, 2019)

P, =up, 1. Ay n n, (1)

Trong d6: Ppy-cong suit tAm pin mit troi tai
thoi diém tinh toan (W); upy-hiéu suit tAm pin;
Ir-cudng d6 buc xa mat troi (W/m?); Apy-dién
tich 1 tAm pin (m?); ne-sd tdm pin mic ndi tiép;
np-sé day pin mic song song.

Cuong do buc xa mat troi trén mat phéng
tam pin phu thudc vio sd gio ning trong ngay
va bi anh huéng ciia méi trudng, thoi tiét, dia
diém, dia hinh...nén no 1a mot gia tri luon luon
thay ddi duoc xac dinh theo biéu thirc sau:

ITzlhcoséHld(%j 2)

+(Ib+ld)pg(wJ

Trong d6: It-cuong do buc xa téng trén mit
tAm pin; I,- cuong do birc xa mat troi trong bau
khi quyén trén mit phang ngang; Is- cudong do birc
xa khuéch tan trong khi quyén; p-goc nghiéng ciia
mit phing; pg- hé sO phan xa moi truong xung
quanh. So dd tinh toan cuong d6 birc xa trén mat
phéng nghiéng thé hién nhur hinh 2.

Mit m‘:riO %— —

Hinh 2. So do tinh todn birc xa mdt troi

0-goc hop boi tia birc xa va phap tuyén cta
mit phang nghiéng. Goc 0 dugc xac dinh theo
cong thirc:

cos@ =sinosin@cos ff

—sin o cos @sin fcos y

+ cos o sin ysin fsin @ (3)

+coso cos@cos fcosw
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Cac goc o la goc vi do tai vi tri tinh toén; y 1a
goc phuong vi cia mat phing; 8 1a goc hop boi
quy dao mat troi va miat phang xich dao, goc &
phu thudc vao sb thir tr ngdy n (n=1-365) tinh tir
ngay 1/1 trong ndm dugc xac dinh theo cong thirc:

5 = 23,45.5in(360 2o 1) @)

365

Goc o - goc gior 1a goc quay cua trai dét tinh
tor mdt troi ¢ thién dinh, phu thudc vao gio mat
troi ts (phut) dugc xac dinh nhu sau:

w:ls(i—lzj ©)
60

May bom bién co nang nhan duogc tir dong co
thanh ning lugng chuyén dong cia dong chat
long. Cong suat may bom dugc xac dinh theo
cong thirc:
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_9.810H (6)
7,

Nb

Trong d6: Ny-cong suat ciia may bom (kW);
Q-luu luong thiét ké (m’/s); H-cot nuéc bom co
tinh dén ton thit trén duong dan (m); my-hiéu
sut ctia may bom.

pé may bom cé thé lam viéc duge thi may
bom can dugc cung cap cong suit thoa mén (6).
Tir d6 ta c6 mdi quan hé giira cong suat tim pin
mit troi va cong suat may bom nhu sau:

9.810H 7
77— = Upy A7 Apy nnp ™
b
hay
0= My-Hpy L Apy 1y 1p (8)
9.81.H
Qmjn = Q = Qmax

Qmax-luru lwong 16n nhat thiét ké coa may
bom (m’/s).

Qumin- Iru lugng nho nhét thiét ké cia may
bom (m’/s).

Luong nudc cdp 1én bé dugc xac dinh theo
cong thirc sau:

V= j 0di=> QA ©)

Trong d6: V-téng lugng nudc cip trong
ngay (m’); Qi-luu lwong bom trung binh gid
thtr i (m’/s); te, ts 14 thoi gian bit dau va két
thuc khi c6 nang lugng buc xa mat troi; At 1a
thoi doan tinh toan, At=1h; n-s6 thoi doan tinh
toan nAt= te- tg.

Cong thuc (8) cho thiy mdi quan hé giita
cac dai lvong may bom va cac thong sd ning
lugng tAm pin mat troi, 1a co so dé chon céc
thong s cho hé théng PVPS. Khi cac thong sb
cua hé théng PVPS da duoc tinh toan va lua
chon thi qua trinh 1am viéc cia may bom gan
nhu phuy thudc hoan toan vao cudong do birc xa

clia mit troi trong ngdy va co thé biéu dién
bang ham Q=f(I7). Luu luong Q bom duoc
khéng ché bang Quax khi cudng cong suét cia
cac tAm pin mit troi 16n hon cong suat dinh
mirc ciia may bom va dugc liy bang 0 khi
cudng do birc xa khong du dé bom voi luu
lrong Qmin.

2.2. Xay dung dir liéu cwong do birc xa
tinh toan

Cuong d6 buc xa 1a dai luong ngau nhién,
phu thudc vao cac yéu tb thoi tiét va thay doi
lién tuc gilra cac ngay, cac thang trong nam,
nén luu lugng va tong luong bom trong ngay
cling c6 sy thay dbi theo su thay ddi cua
cuong do buc xa. Do vay can thiét lua chon
dir liéu burc xa tinh toan dé dam bao yéu cau
cip nuée theo quy dinh.

Theo QCVN 04-05-2012 (QCVN 04 - 05 :
2012/BNNPTNT), mic dam bao (Py) cap
nude sinh hoat phu thudc vao cép cong trinh
va yéu cau vé su gian doan trong qua trinh cap
nude. Doi véi cong trinh cap nudc sinh hoat
cho ving mién nui cé thé cho phép gian doan
thoi gian ngin nén muc dam cip nudc dugc
lwva chon la Py = 85%. Do c¢6t nudc bom
khong c6 bién d6i 16n nén mirc bao dam vé
cp nuée (lvu lwgng) ciing chinh 13 mic bao
dam vé cong suat hay cuong do buc xa tinh
toan. Tur d6, du liéu vé cuong do buc xa tinh
toan duogc Iwa chon nhu sau:

- X4y dung duong tan sudt vé cuong do buc
xa trung binh ngay cho liét nam.

- T mic bao dam cép nuoc xac dinh duoc
birc xa trung binh ngay tinh toan.

- Tu bic xa trung binh ngay tinh toan lya
chon dugc ngay dién hinh c6 birc xa trung binh
tuong tng

- Xéc dinh buc xa trung binh theo tung gio
ctia ngay dién hinh tac dung 1én tim pin.

2.3. Lira chon loai, cdng suit may bom va
cong suit, s6 lwong tim pin mit troi

Hién tai c6 nhiéu loai may bom phu hop
cho hé théng PVPS. Loai may bom duoc
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chon phu thudc vao lugng nudc bom trong
ngay va cot nudc bom. Theo nghién ctru cia
phong thi nghiém quéc gia Sandia, Hoa Ky
(Center Sandia National Laboratories. Water
pumping, 1987), Loai may bom cho hé thong
PVPS duoc chon theo biéu dd sau:
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Hinh 3. Pham vi lya chon may bom cho
hé thong PVPS

Trong do:

Vung 1: May bom thé tich.

Vung 2: My bom chim AC.

Vung 3: May bom chim AC, DC.

Ving 3: May bom ti mdi.

Ving 5: May bom c¢& nhé diéu khién
bang tay.

Cong suat ciia may bom dugc chon 1on
hon coéng suédt phat 16n nhit cia cac tdm pin
trong ngay dién hinh va iy theo catalogues
cua bom.

Viéc Iva chon sb lugng tAm pin va cong
sudt may bom phai dam bao véi cudng do birc
xa tinh toan cta ngay dién hinh, tong lwong
nudc bom dap Gng duge nhu cau dung nudc
tinh toan. Cac budc lya chon cong sudt va sb
lugng tam pin duoc cho trong so dd sau:

Xac dinh birc xa ngay dién hinh

l

Xac dinh nhu cau sir dung nudec ngay dém

v

Xac dinh cot nwde tinh toan

Luc chon cong suat. so lugng tam pin

|

Lya chon may bom

|

Tinh toan xac dinh thé tich bom ngay dién hinh

Nhu cauy sir dyng nwoc ngay dém =
Thé tich bom ngay dién hinh

Két thic

Hinh 4. So' dé tinh todn xdc dinh théng sé
ciia hé thong PVPS

3. AP DUNG TiNH TOAN CHO HE
THONG CAP NUOC BAN LUNG LU, TINH
HA GIANG

3.1. Hé thong cip nuée bian Lung Li

Ban Lung La ndm & phia béc thi trin Ddng
Vin, tinh Ha Giang. Ban ndy nim ¢ do cao
1220m so véi muc nude bién va cach thi trén
1200m di chuyén duong bd, v6i sb ho dan cia
Ban va ving lan can khoang 320 nhan khau.
Theo TCVN 33: 2006 (B9 xay dung, 2006),
luong nudce ti€u thy 1a 60 (I/nguoi.ngay). Do d6
nhu cau dung nudc tinh toan cia cua khu vye 1a
19.2m’/ngay. Theo théng tu 06/2021/TT-BXD
(Bo xay dung, 2021), Cong trinh c¢6 cip xay
dung 1a cép III twong ung mic bao dam tinh
toan Ptk = 85%.

Nguon cung cép nude cho ban Lung La dugc
lay tir bé chtra ctia hé thong cip nudc ciia du 4n
Hop tac phat trién Viét — Ptic Kawatech. Duong
dng cap nudc tir bé chira di Lung La ¢6 chidu dai
1200m, dudng kinh dng DN50. Chénh cao do tir
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bé chtra dén diém cap nude 1a S1m. Bé trit & Liing

L duoc thiét ké véi dung tich 30m’.

Bé Déng Vin .
500m n Be trir Lang Lu

Hinh 5. So do hé théng PVPS Ling Lii

3.2. X4c dinh cuwdong d§ birc xa tinh toan
Ban Lung LG c6 toa d6 dia ly 23°17°N,
105°21°E. Sir dung phdn mém PV System ta xac
dinh dugc cuong dg birc xa trung cac ngay trong
nam. Tir d6 tién hanh v& dugc duong tan suét
bic xa trung binh ngay. Két qua thé hién nhu
trong hinh 6.
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Hinh 6. Puong tan sudt tong xa trung binh ngdy

Ung v6i mic bao dam Ptk = 85%, téng xa
trung binh ngay 1a 1.95(kW/m?). Ngay dién hinh
dugc chon c6 tong xa trung binh ngdy tuong
ung 1a ngay 09/11/2021. Birc xa trung binh tirng
gior tinh quy ddi sang mat nghiéng ctia tim pin
dugc cho trong Bang 1.

Bang 1. Cuong dd birc xa ngay dién hinh

Thoi gian (Gi0) 5:00 6:00 7:00 8:00 9:00
Tong xa mit nghiéng (W/m®) 0 2.8 134.7 200.6 270.59
Thoi gian (Gi0) 10:00 11:00 12:00 13:00 14:00
Tong xa mit nghiéng (W/m®) 299.0 310.9 319.1 284.9 227.1
Thoi gian (Gi0) 15:00 16:00 17:00 18:00 19:00
Tong xa mit nghiéng (W/m®) 145.8 54.17 0.1 0.0 0.0
3.3. Két qua tinh toan 20
Tinh toan cho hé théng PVPS Lung Lu véi .
cac thong s6 nhu sau: Pin mat troi co hiéu @ 2
suat chuyén doi dién 18%; Goc nghiéng E o5
B=10°;, Hudéng chinh Nam y=0; Dién tich 1 5
tdm pin Apy=2,0m’; Cong suét cia tim pin 1a E 5

300Wp; May bom dugc lua chon 1a loai
may bom li tdm chim dung dong dién AC,
cong suit dong co bom 1a 840W, hiéu suét
ctia hé théng 1a 67%, cot nudc bom ké ca
ton that 13 H=58m. Nhu cau dung nuéc
trong ngay 1a 19,2m’.

Két qua tinh toan téng lwong nuéc bom cia
ngay dién hinh cho cac phuong an sé lrong tim
pinlan=35,6,7, 8 (tAm pin) duogc cho trong
hinh 7.

24

3.00 4.00 5.00 6.00 7.00 8.00 9.00

S& lgng tAm pin (tam)

Hinh 7. Tong lwong nueée bom véi cdc
phirong én s6 heong tam pin.

Két qua tinh toan cho thdy véi sb lwong tim
pin 13 6 tam, tong lwong nudc bom dugc trong
ngay 1a 20,58 m’ dap ung dwoc nhu ciu ding
nude trong ngay. Do vay lua chon ) lugng tAm
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pin cho hé thong cap nude Lung Lu 13 6 tam.
Cong suat may bom 1a 840W. May bom c6 luu
luong Qmax =1.0 (I/s), Qmin = 0.1 (I/s).

Bang 2. Két qua tinh toan cip nuéc ngay
dién hinh

T (gio) | Ir(W/m®) | Nb(W) | Q(I/s) | V(m?)
6:00 2.89 573 | 0.00 | 0.00
7:00 134.76 | 267.80 | 0.34 | 1.23
8:00 | 200.69 |398.82| 0.51 | 1.84
9:00 | 270.59 | 537.73 | 0.69 | 2.48
10:00 | 299.07 | 59431 | 0.76 | 2.74
11:00 | 31096 | 617.93| 0.79 | 2.85
12:00 | 319.13 | 634.18 | 0.81 | 2.92
13:00 | 28495 |566.25| 0.72 | 2.61
14:00 | 227.14 | 451.38 | 0.58 | 2.08
15:00 | 145.76 | 289.66 | 0.37 | 1.33
16:00 | 54.17 | 107.65| 0.14 | 0.50
17:00 0.00 0.01 | 0.00 | 0.00
Tong cong 20.58

Trong nhiing gid' c6 cuong dd birc xa mat
troi 16n vuot qua cong sudt tiéu thy ciia may
bom thi bo diéu khién s& tu dong giam cong
sudt ciia hé thong dé can bang véi cong suét
dinh mirc cia may bom. Khi cuong dé biuc xa
yéu, khong dam bao bom nuéc véi luu luong
Qmin ciia may bom, hé thong s& tu dong ngit
ngudn vao may bom.

TAILIEU THAM KHAO

Tir két qua bang tinh tong lugng nude bom
ngay dién hinh cho thiy cic thong sé cia hé
théng PVPS dugc chon dam bao cung cap diy
du nudc trong ngay cho khu vyc theo quy
dinh. Do d6 vi¢c lya chon céc thong s6 vé sb
lugng, cong sut tAm pin va cong suat may
bom 14 hop 1y.

4.KET LUAN

Hé thong bom str dung ning luong mit troi
PVPS 1a hé thong st dung doc lap va khéng phu
thudc vao ngudn ning luong bén ngoai. Hé
thong PVPS thich hop cho cac dy 4n cip nudc
sinh hoat cling nhu phuc vu tudi cho nong
nghiép tai cac khu vyc vung siu, ving xa noi
chwa c6 hé thdng Iudi dién qubc gia.

Bai bao da xdy dung duogc co sé khoa hoc
tinh todn cong suét, luu luong bom dya vao mbi
tuong quan gitta cuong do buc xa mat troi va
ché do lam viéc ciia may bom. Pdng thoi ciing
dua ra dugc co sé khoa hoc dé lya chon du lidu
cuong do birc xa mat troi phuc vu cho tinh toan
thiét ké hé thong PVPS.

Thong qua vi du tinh toan hé thong PVPS
cap nudc cho ban Ling Lu cua tinh Ha Giang,
bai bdo da cu thé hoa cac bude tinh toan xéc
dinh s6 lwong, cong sudt cta tim pin ning
lugng mit troi ciing nhu cong suat va luu
lugng bom dé dam bao ciing cip du nude theo
yéu cau.

QCVN 04 - 05 : 2012/BNNPTNT - Cdc quy dinh chii yéu vé thiét ké cong trinh Thiiy loi.
TCXDVN 33:2006 Cdp nuwéc — Mang hedi dwong ong va cong trinh - Tiéu chudn thiét ké
Thong tu sb 06/2021/TT-BXD: Quy dinh vé phdn cap cong trinh xdy dung va huwéng dan dp dung

trong quan Iy hoat dong dau tw xdy ding.
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Abtrast:
THE STUDY ON CALCULATION METHODS TO DETERMINATE BASIC
PARAMETERS OF PHOTOVOLTAIC PUMPING SYTEM (PVPS)
SUPPLYING WATER FOR REMOTE AREAS

The life of ethnic minority communities in remote areas is still difficult. Water and power supply for
domestic use is still inadequate, especially the water source for daily use. When the infrastructure
has not been invested, grid electricity has not reached these areas, Photovoltaic Pumping System
(PVPS) is an effective solution. Currently, in Vietnam, the PVPS system is almost not applied
because there is no scientific basis for calculation and design of this system. This paper provides a
scientific basis for calculating the capacity as well as the flow rate of the solar pumping system. The
study was applied to calculate the PVPS system supplying domestic water for Lung Lu villages in
Ha Giang provice.

Keywords: Photovoltaic Pumping System (PVPS), solar radiation intensity, water supply.
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