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Best—fit Probability distribution model for peak daily rainfall of selected Cities in Nigeria

Olofintoye, 0.0, Sule, B.F and Salami, A.W
Department of Civil Engineering, University of [lorin, P.M.B 1515, Ilorin, Nigeria
geotoseen@yahoo.co.uk

Abstract

This study aims at studying the peak daily rainfall distribution characteristics in Nigeria, by using different
statistical analyses such as Gumbel, Log-Gumbel, Normal, Log-Normal, Pearson and Log-Pearson distributions. 20
stations having annual rainfall data of fifty-four (54) years were selected to perform frequency analysis.
Mathematical equation for the probability distribution functions were established for each station and used to predict
peak rainfall, the predicted values were subjected to goodness of fit tests such as chi-square, Fisher’s test, correlation
coefficient and coefficient of determination to determine how best the fits are. The model that satisfies the tests
adequately was selected as the best fit model. Results showed that the log-Pearson type III distribution performed
the best by occupying 50% of the total station number, while Pearson type III performed second best by occupying
40% of the total stations and lastly by log-Gumbel occupying 10% of the total stations. [New York Science Journal.
2009;2(3):1-12]. (ISSN: 1554-0200).

Key words: Rainfall, peak rainfall, probability distribution models and goodness of fit tests

Introduction

The design and construction of certain projects, such as dams and urban drainage systems, the management
of water resources, and the prevention of flood damage require an adequate knowledge of extreme events of high
return periods (Tao et al, 2002). In most cases, the return periods of interest exceed usually the periods of available
records and could not be extracted directly from the recorded data. Therefore, in current engineering practice, the
estimation of extreme rainfalls is accomplished based on statistical frequency analysis of maximum precipitation
records where available sample data could be used to calculate the parameters of a selected frequency distribution.
The fitted distribution is then used to estimate event magnitudes corresponding to return periods greater than or less
than those of the recorded events, hence accurate estimation of extreme rainfall could help to alleviate the damage
caused by storms and can help to achieve more efficient design of hydraulic structures.

Tao et al (2002) reported that several probability models have been developed to describe the distribution
of annual extreme rainfalls at a single site. However, the choice of a suitable model is still one of the major problems
in engineering practice since there is no general agreement as to which distribution, or distributions, that should be
used for the frequency analysis of extreme rainfalls. The selection of an appropriate model depends mainly on the
characteristics of available rainfall data at the particular site. Hence, it is necessary to evaluate many available
distributions in order to find a suitable model that could provide accurate extreme rainfall estimates. This study
aimed to determine the best fit probability distribution for the prediction of peak daily rainfall data in selected cities
in Nigeria.

Literature review

Phien and Ajirajah (1984) evaluated the applicability of the LP3 distribution to flood and maximum rainfall
data, and its general use in fitting annual rainfall and stream flow sequences. The evaluation was carried out by
selecting four types of data, which consist of annual flood, annual maximum rainfall of different durations, annual
stream flow, and annual rainfall. Three methods of parameter estimation were used, these include; method of
maximum likelihood (MML), method using the first two moments of x and first moment of y (MM1) and method
using the first two moments of x and second moment of y (MM2). It was pointed out that the estimates of a
parameter obtained from the methods MM1 and MM2 are relatively close to each other, while that obtained by
maximum likelihood (MML) shows a larger difference. The applicability of the LP3 distribution to the four data
types evaluated by the Chi-square (y°) and Kolmogorov — Smirnov (A) tests was said to be highly suitable. Chapman
(1994) tested 5 daily rainfall generating models with several methods of evaluating the model parameters, and
reported that the Srikanthan-McMahon (TPM) model performed particularly well when calibrated with long rainfall
records.

Boughton (1999) reported that daily rainfall records form a major hydrological data base in Australia, but
the common 50 — 100 years of available record at a station do not give adequate information about long term risks of
droughts or floods. Transaction probability matrix (TPM) models have been used in prior studies to generate long
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sequences of daily rainfalls, but the model most commonly used in Australia seriously under estimates the variance
of annual totals of rainfall. There has been a steadily increasing interest in the stochastic generation of long
sequences of daily rainfalls for periods ranging from 100 to 1,000,000 years in order to give a better definition of
extreme droughts and floods. Ogunlela (2001) studied the stochastic analysis of rainfall event in Ilorin using
probability distribution functions. He concluded that the log-Pearson type III distribution best described the peak
daily rainfall data for Ilorin.

Tao et al (2002) proposes a systematic assessment procedure to compare the performance of different
probability distributions in order to identify an appropriate model that could provide the most accurate extreme
rainfall estimates at a particular site. Nine probability models such as Beta-K (BEK), Beta-P (BEP), Generalized
Extreme Value (GEV), Generalized Normal (GNO), Generalized Pareto (GPA), Gumbel (GUM), Log-Pearson Type
11 (LP3), Pearson Type III (PE3), and Wakeby (WAK) distributions were compared for their descriptive and
predictive abilities to represent the distribution of annual maximum rainfalls. The suggested methodology was
applied to 5-minute and 1-hour annual maximum rainfall series from a network of 20 raingages in Southern Quebec
region. On the basis of graphical and numerical comparisons, it was found that the WAK, GNO, and GEV models
could provide the most accurate extreme rainfall estimates. However, the GEV was recommended as the most
suitable distribution due to its theoretical basis for representing extreme — value process and its relatively simple
parameter estimation.

Topaloglu (2002) reported that the frequency analysis of the largest, or the smallest, of a sequence of
hydrologic events has long been an essential part of the design of hydraulic structures. Therefore, the question of
better fit among countless probability models used in frequency analysis is always a fresh one. In his study, he made
a statistical comparison of currently popular probability models such as Gumbel, log-logistic, Pearson-3, log-
Pearson-3 and log-Normal-3 distributions were applied to the series of annual instantaneous flood peaks and annual
peak daily precipitation for 13 flow gauging and 55 precipitation gauging stations in the Seyhan basin, respectively.
The parameters of the distributions were estimated by the methods of moments (MOM) and probability weighted
moments (PWM). A detailed Chi-square and Kolmogorov-Smirnov (k-s) goodness -of-fit tests were also applied.
According to the evaluations of Chi-squared tests, Gumbel (MOM) for both flow and precipitation stations in the
Seyhan river basin were found to be the best models. As a result of the k-s test, log-Normal-3 (MOM) and log-
Pearson-3 (MOM) models were determined to be the best for flow and precipitation stations, respectively.

Guevara (2003) carried out hydrologic analysis to estimate engineering design parameters of storms in
Venezuela, which help hydrologists to improve their environmental designs. The analysis focused on storm
advancement coefficient r (SAC) to establish storm Pluviographs; intensity Duration Frequency (IDF). ; and Area —
Depth — Duration relationships (ADD). Based on the analysis of 275 storm events, values of r were calculated
obtaining a mean value of 0.41 and a standard deviation of 0.075, and being 61, 30, and 9 % storms from the
advanced, retarded and symmetric type respectively.

Salami (2004) indicated that Gary and Robert in1971 studied the normal, log-normal, square-root-normal
and cube-root-normal frequency distributions of meteorological data for Texas. The results of this research shows
that precipitation data conform to the square-root-normal distribution, while evaporation and temperature data
conform to all of the frequency distributions tested. The evaporation, temperature and precipitation data were further
fitted to the Gumbel extreme-value and log-Pearson type I1I distributions. The precipitation data fit the log-Pearson
type III (LP3) distribution more adequately than the Gumbel distribution, while both the evaporation and
temperature data conform very well to Gumbel distribution.

Lee (2005) studies the rainfall distribution characteristics of Chia-Nan plain area, by using different
statistical analyses such as normal distribution, log-normal distribution, extreme value type I distribution, Pearson
type III distribution, and log-Pearson type III distribution. Results showed that the log-Pearson type III distribution
performed the best in probability distribution, occupying 50% of the total station number, followed by the log-
Normal distribution and Pearson type III distribution, which accounts for 19% and 18% of the total station numbers
respectively.

Bhakar et al (2006) studied the frequency analysis of consecutive day’s maximum rainfall at Banswara,
Rajasthan, India. Various probability distributions and transformations were applied to estimate one day and two to
five consecutive days annual maximum rainfall of various return periods. Three commonly used probability
distributions, Normal, Log Normal and Gamma distribution were tested by comparing the Chi-square value. Gamma
distribution was found to be best fit for the region. The magnitudes of 1 day as well as 2 to 5 consecutive days
annual maximum rainfall corresponding to 2 to 100 years return period were estimated using Gamma function. A
maximum of 154.31 mm in 1 day, 250.88 mm in 2 days, 270.15 mm in 3 days, 284.18 mm in 4 days and 295.54 mm
in 5 days is expected to occur at Udaipur, Rajasthan every 2 years. For a recurrence interval of 100 years, the
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maximum rainfall expected in 1 day, 2, 3, 4 and 5 days is 773.6 mm, 849.34 mm, 874.19 mm, 931.78 mm and
957.89 mm, respectively. Annual one day maximum rainfall and two to five days consecutive days maximum
rainfall corresponding to return period varying from 2 to 100 years are used by design engineers and hydrologists for
the economic planning, design of small and medium hydrologic structures and determination of drainage coefficient
for agricultural fields.

Data and Analysis

The daily rainfall data for the selected cities were obtained from the Nigerian Meteorological Agency
(NIMET), Oshodi Lagos, Nigeria. NIMET is the agency responsible for the measurement, control, and storage of
rainfall data of the areas in Nigeria. The nature of data is rainfall depth (mm) recorded for everyday of the year. The
rainfall data spanned between 1952 and 2005 and the peak daily values were extracted for the purpose of analysis.
Twenty cities were selected for this study and include Bauchi, Gusau, Ilorin, Jos, Kaduna, Kano, Maiduguri,
Makurdi, Minna, Potiskum, Sokoto, Yola, Benin City, Calabar, Enugu, Ibadan, Ikeja, Ondo, Owerri, and P.
Harcourt. The summary of statistics for peak daily rainfall is presented in table 1.

The data are ranked according to Welbull’s plotting position and the corresponding return period was
estimated. The ranked data were evaluated with six methods of probability distribution functions to determine the
best — fit functions. The methods include; Gumbel (EVI typel), Log-Gumbel (LG), Normal (N), Log-Normal (LN),
Log-Pearson type III (LPs) and Pearson type III (P) probability distribution models. Four statistical goodness of fit
test were used for the selection of the best fit models.

Table 1 Summary of statistics for peak daily rainfall (1952 — 2005)

Selected Parameters
Cities Mean Standard Skewness Coefficient of Maximum Minimum
value, X deviation,o coefficient variation (Cv) (mm) (mm)
(mm) (mm) (&)
Bauchi 73.42 11.71 1.43 0.16 108.60 61.70
Gusau 74.56 15.79 1.74 0.21 136.30 57.60
Ilorin 91.10 19.08 1.44 0.21 160.50 70.90
Jos 72.12 11.28 1.50 0.16 107.19 60.71
Kaduna 76.81 15.65 1.47 0.20 132.10 59.60
Kano 91.49 30.94 3.46 0.34 253.10 70.70
Maiduguri 74.46 17.91 1.30 0.24 128.00 56.40
Makurdi 101.97 24.68 2.32 0.24 206.25 80.70
Minna 88.92 18.12 1.15 0.20 144.00 69.30
Potiskum 73.35 16.35 1.85 0.22 129.30 57.80
Sokoto 72.87 16.00 1.96 0.22 139.40 56.10
Yola 78.17 16.16 1.45 0.21 126.24 61.72
Benin City 118.15 20.91 1.21 0.18 181.40 96.00
Calabar 139.65 24.74 1.14 0.18 216.00 112.20
Enugu 106.93 21.18 1.41 0.20 174.40 83.80
Ibadan 117.16 28.95 1.32 0.25 225.90 86.90
Ikeja 121.73 27.93 1.91 0.23 237.30 95.50
Ondo 100.24 29.93 2.73 0.30 246.30 73.90
Owerri 113.12 22.35 1.61 0.20 181.90 90.50
P. Harcourt 111.01 23.64 1.71 0.21 185.30 88.40

Probability distribution analysis was carried out in accordance with standard procedure [Warren et al,
(1972); Viessman et al, (1989); Mustapha and Yusuf, (1999), and Topaloglu (2002)]. The mathematical expressions
obtained for various probability distributions functions are presented in Table 2. The mathematical expressions
obtained for each function were used to predict the peak rainfall data based on the estimated returned periods and
were also used in performing the statistical tests (goodness of fit tests) for the selection of the best fit models.
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Table2 Mathematical expression for probability distributions models
Distributions
Station Normal Log-Normal Pearson 111 Log-Pearson 111 Gumbel Log-Gumbel
Bauchi R,=73.42+11.71K Log R, =1.86 + 0.06K R,=73.42+11.71K' Log R, =1.86 + 0.06K' R, =68.16+9.13Y LogR,=1.83+0.05Yr
Gusau R,=74.56 + 15.79K Log R, =1.86 + 0.08K R, =74.56 + 15.79K' Log R, =1.86 + 0.08K' R, =67.46+12.31Yy LogR,=1.83+0.06Yr
Tlorin R,=91.10+ 19.08K Log R, =1.95+0.08K R,=91.10 + 19.08K' Log R, =1.95+ 0.08K' R, =82.51+14.88Y LogR,=1.91+0.06Y
Jos R,=72.12+11.28K Log R, =1.85+0.06K R,=72.12+11.28K' Log R, =1.85+ 0.06K' R, =67.04 + 8.80Y LogR,=1.83+0.05Yr
Kaduna R, =76.81+15.65K Log R, =1.88 + 0.08K R,=76.81+15.65K' Log R, =1.88 + 0.08K' R,=69.76 + 12.21Yr LogR,=1.84+0.06Yr
Kano R, =91.49 +30.94K LogR,=1.95+0.11K R, =91.49 +30.94K" LogR,=1.95+0.11K' R,=77.56+24.13Yr LogR,=1.90+0.08Y
Maiduguri R,=74.46+1791K Log R, =1.86 + 0.10K R, =74.46+1791K' Log R, =1.86 + 0.10K' R, =66.40 +13.97Y LogR,=1.82+0.07Y7
Makurdi R, =101.97 + 24.68K Log R, =2.00 + 0.09K R,=101.97 + 24.68K' Log R, =2.00 + 0.09K' R, =90.86 +19.25Y LogR,=1.96+0.07Y7
Minna R, =88.92 + 18.12K Log R, =1.94 + 0.08K R, =88.92 + 18.12K' Log R, =1.94 + 0.08K' R, =80.77+14.13Y LogR,=1.90+0.06Y
Potiskum R, =78.17+16.16K Log R, =1.89 + 0.08K R,=78.17+16.16K' Log R, =1.89 + 0.08K' R,=70.90 + 12.61Y LogR,=1.85+0.06Yr
Sokoto R, =72.87+ 16.00K Log R, =1.85+0.08K R, =72.87+ 16.00K' Log R, =1.85+0.08K' R, =65.67+12.48Y LogR,=1.82+0.07Yr
Yola R, =78.17+16.16K Log R, =1.89 + 0.08K R,=78.17+16.16K' Log R, =1.89 + 0.08K' R,=70.90 + 12.61Y LogR,=1.85+0.06Yr
Benin-City Rp =118.15+ 20.91K Log R, =2.07 + 0.07K R, =118.15+20.91K' Log R, =2.07 +0.07K' R, =108.74 + 16.31Yr Log R, =2.03 + 0.06Y
Calabar Rp =139.65+ 24.72K Log R, =2.14 +0.07K R, =139.65+24.72K' Log R, =2.14+0.07K' R, =128.52 +19.29Y; Log R, =2.11 + 0.06Y
Enugu Rp=106.93 + 21.18K LogR,=2.02+0.08K R,=106.93 +21.18K' LogR,=2.02+0.08K' R,=97.40+16.52Yr LogR,=1.99 + 0.06Y-
Ibadan Rp=117.16 + 28.95K Log R, =2.06 + 0.10K R, =117.16 + 28.95K' Log R, =2.06 + 0.10K' R, =104.13 +22.58Y1 Log R, =2.01 + 0.08Y
Ikeja Rp=121.73 + 27.93K Log R, =2.08 + 0.09K R,=121.73 +27.93K' LogR,=2.08+0.09K' R,=109.17 +21.78Yr LogR,=2.04+ 0.07Y
Ondo Rp =100.24 +29.93K LogRp=1.99 + 0.10K Rp =100.24 + 29.93K' Log Rp=1.99 +0.10K' Rp=286.78 + 23.35Y7r Log Rp =1.94 + 0.08
Owerri Rp=113.12 + 22.35K Log R, =2.05+0.08K R,=113.12 +22.35K' Log R, =2.05+ 0.08K' R,=103.06+ 17.43Yr LogR,=2.01+ 0.06Y
PortHarcourt R, =111.01 + 23.64K LogR,=2.04+0.08K R,=111.01 +23.64K' LogR,=2.04+0.08K' R,=100.37+18.44Y; LogR,=2.00+ 0.06Y
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In order to determine the best-fit model(s) at each station, probability distribution models were subjected to
four (4) statistical tests (goodness of fit tests). The statistical tests include chi-square (x%), Fisher’s (F) test,
probability plot coefficient of correlation (r) and coefficient of determination (R?). The statistical tests were carried
out in accordance with standard procedure (Chowdhury and Stedinger (1991); Adegboye and Ipinyomi (1995);
Dibike and Solomatine (1999); Murray and Larry (2000)). The assessment of the probability distribution models
was based on the total test score obtained from all the tests. Test scores ranging from zero to six (0-6) is awarded to
each distribution model based on the criteria that the distribution (s) with the highest total score is or are chosen as
the best distribution model(s) for the data of a particular city. In general, the distribution best supported by a test is
awarded a score of six (6), the next best is awarded five (5), and so on in descending order. A distribution is awarded
a zero (0) score for a test if the test indicates that there is a significant difference between the rainfall values
estimated by the distribution model and the observed rainfall data. For every test category, overall ranks of each
distribution were obtained by summing the individual point rank at each of the 20 stations. The overall ranking
results are presented in Table 3 while the best fit probability distribution models are presented in Table 4.

Table 3 Summary of the statistical test score results at each station
Stations Best fit distribution model Chi-square test  Fisher’s test PPCC (r) R’ Total

Bauchi Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8

Pearson 5 6 5 5 21

Log-Pearson 6 5 6 6 23

Gumbel (EVI) 3 3 3 3 12

Log-Gumbel 4 4 4 4 16

Gusau Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8

Pearson 6 6 4 6 22

Log-Pearson 5 5 5 5 20

Gumbel (EVI) 3 3 3 3 12

Log-Gumbel 4 4 6 4 18

Ilorin Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8

Pearson 6 6 4 5 21

Log-Pearson 5 5 5 6 21

Gumbel (EVI) 3 3 3 3 12

Log-Gumbel 4 4 6 4 18

Jos Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8

Pearson 5 6 5 5 21

Log-Pearson 6 5 6 6 23

Gumbel (EVI) 3 3 3 3 12

Log-Gumbel 4 4 4 4 16

Kaduna Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8

Pearson 5 5 4 4 18

Log-Pearson 4 4 5 5 18

Gumbel (EVI) 3 3 3 3 12

Log-Gumbel 6 6 6 6 24

Kano Normal 0 2 | 1 4
Log-Normal 0 1 2 2 5

Pearson 6 6 5 6 23

Log-Pearson 5 5 6 5 21

Gumbel (EVI) 0 4 3 3 10

Log-Gumbel 0 3 4 4 11

Maiduguri Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8

Pearson 4 6 4 5 19
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Log-Pearson 6 5 6 23
Gumbel (EVI) 3 3 3 12
Log-Gumbel 5 4 5 18
Table 3 continue
Stations Best fit distribution Chi-square Fisher’s PPCC (r) R’ Total
model test test
Makurdi Normal 0 1 1 1 3
Log-Normal 2 2 2 2 8
Pearson 6 6 5 6 23
Log-Pearson 5 5 6 5 21
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 4 4 16
Minna Normal 1 1 1 | 4
Log-Normal 2 2 2 2 8
Pearson 4 5 4 4 17
Log-Pearson 6 6 6 6 24
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 5 4 5 5 19
Potiskum Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 6 6 5 6 23
Log-Pearson 5 5 6 5 21
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 4 4 16
Sokoto Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 5 6 4 5 20
Log-Pearson 6 5 6 6 23
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 5 4 17
Yola Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 5 6 4 5 20
Log-Pearson 6 5 6 6 23
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 5 4 17
Benin City Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 4 5 4 5 18
Log-Pearson 6 6 6 6 24
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 5 4 5 4 18
Calabar Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 4 5 4 5 18
Log-Pearson 6 6 6 6 24
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 5 4 5 4 18
Table 3 continue
Stations Best fit distribution Chi-square Fisher’s PPCC (r) R’ Total
model test test
Enugu Normal 1 1 1 1 4
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Log-Normal 2 2 2 2 8
Pearson 6 6 4 5 21
Log-Pearson 5 5 5 6 21
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 6 4 18
Ibadan Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 6 5 4 5 20
Log-Pearson 5 4 5 4 18
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 6 6 6 22
Ikeja Normal 0 1 1 1 3
Log-Normal 2 2 2 2 8
Pearson 6 6 5 6 23
Log-Pearson 5 5 6 5 21
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 4 4 16
Ondo Normal 0 2 1 1 4
Log-Normal 0 | 2 2 5
Pearson 5 6 5 6 22
Log-Pearson 6 5 6 5 22
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 4 4 16
Owerri Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 6 6 4 6 22
Log-Pearson 5 5 6 5 21
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 5 4 17
P. Harcourt Normal 1 1 1 1 4
Log-Normal 2 2 2 2 8
Pearson 6 6 5 6 23
Log-Pearson 5 5 6 5 21
Gumbel (EVI) 3 3 3 3 12
Log-Gumbel 4 4 4 4 16

Table 4 Goodness of fit tests and the selected model for the peak rainfall

Best-Fit Model Second Best-Fit Model Best-Fit Model Equation

Bauchi Log-Pearson III Pearson III Log R, =1.86 + 0.06K'
Gusau Pearson 111 Log-Pearson 111 R, =74.56 + 15.79K'
Ilorin Log-Pearson 111 Pearson 111 Log R,=1.95+ 0.08K'
Jos Log-Pearson III Pearson 111 Log R, = 1.85+ 0.06K'
Kaduna Log-Gumbel Pearson 111 LogR,=1.84+0.06Y
Kano Pearson III Log-Pearson IIT R, =91.49 +30.94K'
Maiduguri Log-Pearson III Pearson III Log R, =1.86 +0.10K'
Makurdi Pearson 111 Log-Pearson III R,=101.97 +24.68K'
Minna Log-Pearson 111 Log-Gumbel Log R, =1.94 +0.08K'
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Potiskum Pearson III Log-Pearson II1 R,=73.35+16.35K'
Sokoto Log-Pearson III Pearson III Log R, =1.85+0.08K'
Yola Log-Pearson 11 Pearson 111 Log R, =1.89 + 0.08K'
Benin-City Log-Pearson III Log-Gumbel LogR,=2.07+0.07K'
Calabar Log-Pearson 111 Log-Gumbel LogR,=2.14 +0.07K'
Enugu Log-Pearson III Pearson III Log R, =2.02 + 0.08K'
Ibadan Log-Gumbel Pearson 111 Log R,=2.01+0.08Y
Ikeja Pearson III Log-Pearson III R, =121.73 +27.93K’
Ondo Pearson III Log-Pearson III R, =100.24 + 29.93K"
Owerri Pearson III Log-Pearson III R,=113.12 +22.35K'

Port-Harcourt Pearson III Log-Pearson III R,=111.01 + 23.64K"

Application of results

The results obtained from the analysis may be useful for engineering planning and designs in that future
year maximum daily rainfall events can be predicted. However the selected best distribution model were used to
predict maximum daily rainfall depths for the twenty stations for return periods of 5, 10, 20, 50, 100, 200, and 500
years. The quantile estimates are presented in table 5.

Table 5 Quantile estimates for various return periods
Reccurence interval in years

Station Best-Fit Model 5 10 20 50 100 200 500

Bauchi Log-Pearson III 80.90 88.32 9590 10641 114.84 12378 136.46
Gusau Pearson 111 84.74 95.15 10545 119.07 12942 139.84 153.74
Ilorin Log-Pearson II1 103.24 11530 127.68 14499 159.02 174.00 195.49
Jos Log-Pearson III 79.19 86.39 93.78 104.08 11239 12122 133.81
Kaduna Log-Gumbel 86.25 96.16 106.74 12218 135.19 149.54 170.82
Kano Pearson 111 101.03 12339 149.10 187.17 218.60 252.01 298.92
Maiduguri Log-Pearson III 85.92 97.27 10894 12530 138.61 152.87 173.38
Makurdi Pearson 111 11527 13257 150.58 17537 19478 214.73  241.86
Minna Log-Pearson III 101.06 112.34  123.68 139.21 151.56 164.55 182.86
Potiskum Pearson 111 83.59 94.52 10545 120.01 131.14 14239 15745
Sokoto Log-Pearson III 82.29 92.48 10322 118.63 131.42 14535 165.77
Yola Log-Pearson III 88.26 98.57 109.24 12429 136.57 149.76  168.81
Benin Log-Pearson III 132.13  145.13  158.17 17596 190.05 204.82 225.56
Calabar Log-Pearson III 156.53 171.74 186.85 207.25 22327 23995 263.19
Enugu Log-Pearson IIT 120.55 133.88 147.50 166.41 181.66 197.86 220.97
Ibadan Log-Gumbel 13431 15336 174.17 20536 23233 262.73 309.01
Ikeja Pearson 111 138.92 157.72 176.62 20190 22130 240.94 267.30
Ondo Pearson III 113.99 13547 158.62 19134 217.46 244.64 282.05
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Owerri Pearson II1 128.02 14248 156.63 175.15 189.13 203.12 221.70
PortHarcourt Pearson 111 126.36 141.89 15724 17748 192.84 208.30 228.89

Development of Isohyet maps of 100 and 200 year return period

Analysis of rainfall data requires handling of large volumes of data and repeated computation of a number
of statistical parameters for distribution fitting and estimation of expected rainfall at different return periods. The use
of rainfall frequency atlases may considerably reduce the computational tedium involved in the frequency analysis
of rainfall to a greater extent. Maps have been prepared for some regions, particularly East Africa, showing the
annual rainfall likely to be equaled or exceeded in 80% of years. These are extremely useful for planning purposes
(Edwards et al, 1983). In this study isohyet maps were constructed using software (Surfer 8). Surfer is a contouring
and 3D surface mapping program that runs under Microsoft Windows. Surfer version 8 is a product of Golden
Software, Inc (www.goldensoftware.com). The quantile estimates for 100 and 200 years return periods presented in
table 5 were used to construct isohyetal maps for the maximum daily rainfall for selected cities in Nigeria. The
isohyetal map for 100 and 200 years return period are presented in Figure 1 and 2 respectively. With the established
maps, the rainfall depth for 100 and 200 years return period for any location (longitude and latitude) in Nigeria may
be estimated more easily and faster without having to go through the rigor of fitting probability distribution models
all over again. These are very useful for design and planning purposes.

Figure 1 Peak daily rainfall (mm) Isohyet Map of 100 year return period


http://www.goldensoftware.com/
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Results and Discussion

The rainfall data was obtained for a period of fifty four years (1952 - 2005) for the selected Cities in
Nigeria and the peak daily values were selected. The data were evaluated with various probability distribution
functions to determine the best fitting model, the summary statistic is presented in Table 1 and the mathematical
representations of the evaluated probability functions are presented in Table 2. For the purpose of theoretical
determination of best fit probability function, statistical tools (goodness of fit tests) were adopted. The results of the
statistical test score (the goodness of fit tests) and the best fit models are presented in Table 3 and 4 respectively.
However, the quantile estimates for the selected Cities based on various return periods are presented in Table 5. The
isohyet maps of 100 and 200 year return period were established and presented in Figure 1 and 2 respectively for the
estimation of rainfall depth for any location with known longitude and latitude in Nigeria.

The statistical test score results at each station presented in Table 3 was used to decide which of the
probability model (s) best fit the peak daily rainfall at each station. Examination of the goodness-of-fit test results
reveals that in many cases there was very little difference between the various distributions for each station.
Furthermore, the good fit assessment for all 20 stations also indicated that no one distribution ranked consistently
best at all locations. However, the overall ranks for the 10 stations combined show that Log-Pearson type III was
best to describe the peak rainfall. While, the overall ranks for the 8 stations combined show that Pearson type 111 was
best to describe the peak rainfall. The overall ranks for 2 stations indicate that Log-Gumbel distribution is the best.
The computed skew coefficients from the observed data in this study (Table 1) revealed that the peak daily rainfall
distributions at all the stations were positively skewed. Also, the 3-parameter Pearsonian distributions, which take
into cognizance the use of the skew coefficient in the estimation of future rainfalls, were found to be the best-fit
models at most stations. In view of this, it can be said that the peak daily rainfall distribution in Nigeria are
positively skewed and the Pearson III and Log-Pearson III distributions may be conveniently used for the prediction
of future peak daily rainfall events anywhere in Nigeria.

Conclusions

From the results of six frequency distributions applied in this study, it suggests that the best frequency
distribution obtained for the peak daily rainfall in Nigeria is the log-Pearson type III distribution, which occupies
50% of the total station number, followed by the Pearson type III distribution and log-Gumbel distribution, which
accounts for 40% and 10% of the total station number, respectively. The outcome was relied on the results of four
goodness-of-fit tests, Chi-square, Fisher’s test, correlation coefficient and coefficient of determination. The
proposed assessment procedure has been successfully used to identify the best probability distributions that could
provide accurate peak daily rainfall estimates for Nigeria. The results of the frequency analysis suggest log-Pearson
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type III and Pearson type III distributions has the primary distribution pattern for this study site and should be used
as a universal distribution model for the prediction of peak daily rainfalls in Nigeria.
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Abstract

Foundation problems are caused by a combination of soil conditions, the weather and inadequate
foundation maintenance. This paper presents the results of electrical resistivity method in delineating
subsurface soil conditions at Gbagada area, Lagos state Nigeria. Three main soil types were mapped:
namely sand, clayeysand and clay. The depth to sand bodies range from 1.18 to 18.09 m while the depth to
clay bodies range from 3.43 to over 25.14m. On the other hand the depth to clayeysand bodies range from
1.88 to over 23.64m. It is concluded that the depth to clay layers in most parts of the study area is near the
surface. [New York Science Journal. 2009;2(3):13-20]. (ISSN: 1554-0200).

Keywords: Electrical resistivity, sediment, lithology and stratigraphy.

1 Introduction

Since soil condition is one of the sources of foundation problems the need to know the strength, the fitness
and the overall subsurface stratigraphy in an area prior to construction works cannot be overemphasized.
Other sources of foundation problems include the weather and inadequate foundation maintenance.

Symptoms of foundation problems include cracks in bricks and sheetrock, windows that won’t open, doors
that won’t close, cracks in the foundation, cracks in tile floors and many more. Sometimes some of these
symptoms can simply be cosmetically repaired. Complete underpinning of the foundation may not be
necessary. It takes an expert to properly diagnose true foundation problems. Just because you have some or
all of these symptoms, does not mean that you need foundation repair. However, if adequate precautionary
measures are taken into consideration before the commencement of construction exercise some of these
problems if not total would have been taken care of.

In many coastal areas of the world, the near surface soil is of expansive clay. Expansive clay behaves
differently than sandy soil. Sandy soil does not expand when it gets wet. The water fills the air spaces
between the grains of sand. Because of this, the soil volume does not change and there is little movement of
structures supported by the soil when the soil moisture conditions alternate between wet and dry.
Meanwhile expansive clay soil expands when it absorbs water. Water becomes bound to the clay particles.
As the soil goes through wet and dry periods, the soil expands and contracts. Structures sitting on top of the
soil rise and fall with the soil. If this happened uniformly across the structure, damage to the foundation and
finishes from soil movement would be limited. Unfortunately, uniform shrinking and swelling doesn’t
usually happen. The result is “differential” foundation movement, which causes cracking and distress in the
foundation and finishes.

Although there may be a number of layers and types of expansive clay or other soil under a particular
structure, the shrinkage and swelling process is usually limited to soil that is near enough to the ground
surface to be affected by climatic conditions. Many Engineers refer to these upper soil layers as the “active
zone”. While the depth of the ‘active zone” depends on both site and soil conditions. This depth ranges
between 2 and 5 meters below ground surface.

To this end, electrical resistivity survey method was employed to classify the soil conditions at Gbagada
area of Lagos State, Nigeria with a view to provide information on the subsurface stratigraphic variations
with respect to depths. This method is the most widely used geophysical techniques, very efficient and cost
effective (Neil and Ahmed, 2006, Susan, 2004, Hinze, 1990, Fitterman et al, 2001, Kontar amd ozorovich,
2006 and Oyedele, 2008).
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2 Geologic setting

The study area is situated in Lagos (figl). The surface geology is made up of the Benin formation (Miocene
to Recent) and the recent littoral alluvial deposits. The Benin formation consists of thick bodies of
yellowish (ferruginous) and white sands (Jones and Hockey, 1964). Multi-layer lithology have been
classified by Longe et al, 1987, into three types namely admixtures of sand and clay, coarse sand and clay.
The thickness varies from 8 to 35m.

3 Data acquisition and processing

The field data were acquired using Terrameter SAS1000 system. About twenty-four vertical electrical
sounding (VES) using Schlumberger electrode array system were conducted. Only results for fourteen VES
stations were presented. As a control measure to geographical data, one borehole was drilled to aid
lithological delineation.

The acquired data is processed using WinGlink software programme. This is a powerful software package
that was designed to read and store data acquired by different geographical surveys carried out in an area of
interest, as well as other auxiliary information. By this technique, erroneous interpretations arising from
manual techniques are eliminated. The processed data were presented in the form of 1-D resisitvty models,
inferred sediments and contoured maps.

4 Results and discussion

Resistivity Curves

Figure 2 shows representative samples of 1-D models resisitivity field curves obtained from the study area.
Visual inspection of the field model curves shows a typical 3 to 5-layered case. The detailed stratigraphic
sequence of the area is presented in Tablel.

Inferred sediments
The geoelectric section alongside with the drilled borehole was used to delineate the stratigraphic
succession in the study area (tablel).

Beneath VES 1, the lithology consists of topsoil, medium sand, clay and coarse sand. Here the depths to
sand layers range from 1.18 to over 5.57m while the average depth to clay layer is 5.57m. Beneath VES, 2
the lithology consists of topsoil, medium sand and coarse sand. The average depth to sand layer is greater
than 18.09m. There is no clay layer in this zone as the current terminated in the third layer.

Beneath VES 3, the stratigrphy is made up of top soil, medium sand, clayey sand and coarse sand. The
depths to sand layers range from 1.61 to over 17.04m while the depth to clayey sand is 17.604m. Beneath
VES 4, the sediment is made up of topsoil, medium sand clayey sand and coarse sand. The depths to sand
bodies range from 3.05 to over 21.95m. On the other hand, the depth to clayey sand layer is about 21.95m.

Beneath VES 5, the sediments consist of topsoil, medium sand, clay and coarse sand.

The depths to sand bodies range from 3.74m to over 10.55m, while the depth to clay layer is 10.55m. .The
sediments beneath VES 6 consist of topsoil, medium sand, clay and coarse sand. The depths to sand bodies
range from 1.62 to over 6.15m while the depth to clay layer is 6.15m. The stratigraphhy beneath VES 7 is
made up of the topsoil, medium sand, clay and coarse sand. Here the depth to sand layers varies from 2.8m
to over 11.03m while the depth to clay layer is 11.03. The lithology beneath VES 8 consists of topsoil,
clayey sand, medium sand, clay and coarse sand. The depths to clay bodies range from11.0m to 39.09m
while the depths to sand layers vary from 3.77 to 39.09m.

The stratigraphy beneath VES 9 is made up of topsoail, clay, medium sand, clay and coarse sand. The depths
to clay layers vary from 7.05 to over 25.14m. The sediments beneath VES 10 consist of topsoil, clay,
medium sand and clay. The depth to clay layers range from 4.69 to over 10.26m.

Beneath VES11, the sediments consist of topsoil, medium sand, clay and coarse sand and clayey sand. The
depths to sand layers vary from 1.33 to 11.97m while the depth to clay layer is 3.43m. The lithology
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beneath VES12 consists of topsoil, medium sand, clayey sand, and coarse sand. The depths to sand body
ranges from 1.87m to over 18.49m while the depth to clayey sand layer is 18.49m.

The sediments Beneath VES13, consist of topsoil, medium sand, clayey sand and clay .The depth to clay
layer is over 23.64m while the depth to sand body is 2.1m. On the other hand, the lithology beneath VES14
is made up of topsoil, medium sand, clay coarse sand, and clay. The depths to clay layer range from 3.91 to
over 16.22m while the depths to sand body vary form 1.54 to 16.22. On the whole the thicknesses of the
sand layers vary from 0.80 to 28.09m while the thicknesses of the clay layers vary from 3.43 to 25.14m.

Contoured maps

The data in table 1 were used as input into the WinGLink software Programme to produce series of maps
(Figs 3 and 4).

Figures 4a and 4b show the isopach maps of sand bodies between 0 to 15m and 0 to 20m respectively. In
figure 3a, the thicknesses of the sand bodies beneath VES 3,4,6,7,8,11,12,13 and 14 range from 1.18 to 3m.
The thickness of the sand layers beneath VES 1,5, 9 and 10 vary from 3 to 6m, while the thickness of the
sand body beneath VES 2 vary from 9 to 12. Figure 3c shows the isopach map of depths to freshwater layer
which vary from 2 to over 22m. On the other hand, figures 4a to 4d show the isoresisitivity depth-slice
maps at 5m, 10m, 20m and 30m respectively. On the whole, the resistivity values at these depths vary from
50 to 1000 ohm-m.
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Fig 1: Geological map of Lagos showing the study area
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Fig 2: Representative of 1-D model resistivity curves
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Table 1: Measured parameters/Inferred sediments

VES Layer Resistivity | Thickness Depth (m) Lithology
Station (Ohm-m) (m)
1 1 55.39 0.28 0.28 Topsoil
2 742.85 0.9 1.18 Medium Sand
3 32.98 4.39 557 Clay
4 934.95 - - Coarse Sand
2 1 388.14 1.94 1.94 Topsoil
2 102.08 16.15 18.09 Medium Sand
3 911.54 - - Coarse Sand
3 1 101.52 0.29 0.29 Topsoil
2 763.42 132 1.61 Medium Sand
3 87.65 15.43 17.04 clayey sand
4 653.12 - - Coarse Sand
4 1 386.35 0.48 0.48 Topsoil
2 666.95 2.57 3.05 Medium Sand
3 155.25 18.9 21.95 clayey sand
4 586.5 - - Coarse Sand
5 1 158.46 0.2 0.2 Topsoil
2 420.55 3.54 3.74 Medium Sand

18



New York Science Journal, 2009, 2(3), ISSN 1554-0200
http://www.sciencepub.net/newyork , sciencepub@gmail.com

3 43.73 6.81 10.55 Clay
4 1812.75 - - Coarse Sand
6 1 105.39 0.27 0.27 Topsoil
2 471.89 1.35 1.62 Medium Sand
3 42.56 453 6.15 clay
4 625.98 - - Coarse Sand
7 1 138.93 0.66 0.66 Topsoil
2 464.08 2.17 2.83 Medium Sand
3 54.8 8.2 11.03 clay
4 534.96 - - Coarse Sand
8 1 313.92 1.33 1.33 Topsoil
2 57.88 0.55 188 clayey sand
3 1975.68 1.89 3.77 Medium Sand
4 34.44 7.23 11 clay
5 1294.98 28.09 39.09 Coarse Sand
6 16.71 - - clay
9 1 121.34 1.19 1.19 Topsoil
2 27.4 1.16 235 clay
3 1368.12 4.7 7.05 Medium Sand
4 22.93 18.09 25.14 clay
5 143.38 - - Coarse Sand
10 1 116.64 2.19 2.19 Topsoil
2 42.81 2.5 4.69 clay
3 757.34 5.57 10.26 Medium Sand
4 89.66 - ) Clay
1 1 89.08 0.53 0.53 Topsoil
2 140.3 0.8 1.33 Medium Sand
3 43.22 2.1 3.43 clay
4 269.74 8.54 11.97 Coarse Sand
5 67.62 - - clayey sand
12 1 206.37 0.9 0.9 Topsoil
2 862.39 0.97 1.87 Medium Sand
3 89.61 16.62 18.49 clayey sand
4 485.41 - - Coarse Sand
13 1 44.01 0.41 0.41 Topsoil
2 391.8 1.69 21 Medium Sand
3 121.26 21.54 23.64 clayey sand
4 73.52 - - clay
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14 1 90.81 0.62 0.62 Topsoil
2 183.78 0.92 154 Medium Sand
3 30.24 2.37 301 clay
4 549.79 12.31 16.22 Coarse Sand
5 47 - - clay

5 Conclusion

The soil conditions at Gbagada area, Lagos State , Nigeria using Electrical resistivity survey technique
revealed that the sediments consists of topsoil, medium sand, clay, clayey sand and coarse sand. Based on
the results of the investigations, it is concluded that major parts of the area consist of clay and clayey sands
at shallow depths and these might pose a serious threat to the survival of engineering structures in this type
of environment if adequate care is not considered.
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Total Dissolved Solids (TDS) Mapping In Groundwater Using Geophysical Method
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Abstract

The reliability of electrical resistivity measurements to delineate subsurface total dissolved solid (TDS) in
groundwater in Lagos, Nigeria, has been examined. Data from parametric resistivity soundings were
correlated with laboratory measurements to provide information on the degree of total salinity of each
aquiferous unit, depths to iso-conductivity surfaces and the various usage to which the groundwater from
the studied area can be put to. The study revealed that TDS contrasts inferred from resistivity data can be
used for effective monitoring and economic evaluation of groundwater salination. [New York Science
Journal. 2009;2(3):21-31]. (ISSN: 1554-0200).

Keywords: Dissolved Solids (TDS); Groundwater; Geophysical Method

Introduction

Exploration for groundwater is becoming more attractive in the coastal area of Lagos, Nigeria, due to the
ever increasing demand for water supply, especially in areas with insufficient surface water supplies for
daily activities. Most boreholes in Lagos State obtain water from aquifers within the coastal plain sands
(Kampsax and Sshwed, 1987). The water in this formation is, however, not always potable due to urban
waste disposal and seawater intrusion (Fatoba and Olorunfemi, 2004; Oyedele, 2006). Other possible
sources of total salinity in surface water and groundwater include atmospheric inputs in the form of wet and
dry deposition and also weathering of minerals in soils which can either dominate the water chemistry
(Adamson and Hornung, 1990). Total salinity is often referred to as total dissolved solid (TDS) while soil
particles in the water are referred to as total suspended solids (TSS).

The threat posed by pollution in the surface water and groundwater on the economic survival and
sustainable development of the inhabitants of Lagos has required cost-effective approach to mapping and
monitoring the impact of TDS on soil water chemistry. Soluble salts in the soil solution exert additional soil
moisture tension, which can exceed the crops salt tolerance (salinity threshold), thus causing potential yield
reduction (Brian et al., 2002). The potential energy of soil water is also reduced by the presence of solutes.

Neglecting to understand the quality of source water for either domestic, agricultural or industrial usage is
one of the most common reasons for failure in optimal performance in most human organs, healthy plant
growths and quality pharmaceutical products. Basically, two distinct methods exist for the determination of
TDS in soil water. These methods can be described as destructive and non-destructive. The former involves
taking repeat samples using a soil auger/core sampler, hence the geology is continually disturbed.
Alternatively, standpipe piezometers can be installed or the groundwater level obtained from existing wells.
Geophysical methods are non-destructive and combine speed, accuracy and cost-effectiveness in mapping
subsurface soil and rock stratigraphy. The present study utilised the electrical resistivity method to
characterise the TDS level of each aquiferous layer as a means of predicting and monitoring their
occurrence in soil water. Moreover, in order to give better support to the geologica and hydrogeological
interpretation of geophysical data, three wells were drilled in the study area. Also parametric soundings
were carried out beside six abandoned boreholes and water samples were taken from the wells for
laboratory analysis.

Geology and Hydrogeology

The areas investigated (Fig. 1) are made up of sediments from coastal plain sands and Alluvium deposits
(Rofe and Lapworth, 1987; Jones and Hockey, 1964). The coastal plain sands consist of soft, very porous
sorted clayey sands, pebbly sands, sandy clays and rare thin lignites. Their thicknesses increase from north
to south and can be up to 2000 m. The alluvial deposits of the major rivers consist of unconsolidated sands,
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clay and muds observable in boreholes drilled at Lekki, lkoyi, Ajah and Victoria Island (Oyedele and
Meshida, 2006). The geoelectric sounding conducted penetrated this formation. Two principal climatic
seasons can be recognised: a dry one from November to March, and a wet one from which starts from April
and ends in October, with a short dry spell in mid-August. Average annual precipitation is put at 1700 mm
and serves as a major source of groundwater recharge (Jeje, 1983).

Electrical Resistivity Surveys

For this investigation, the Schlumberger depth sounding method were employed (Roberto et al., 2003). The
method is capable of depicting subsurface structure distinctly, delineate contaminated zones of
groundwater, adequate depth penetration and it requires less labour. This method involves the introduction
of electric current into the ground via two current electrodes and the measurement of the distribution of the
resulting potential on the ground surface via two potential electrodes (Fig. 2).

Terrameter SAS 4000 was employed to take the measurement, having greater depth of penetration and high
signal to noise ratio. The current and potential electrode spacing were measured in metres and varied from
1 to 500 m for the current electrodes and from 0.25 to 40 m for the potential electrodes. About 120 vertical
electrical soundings (VES) were obtained within the study area. The location and distribution of the VES
stations were based on the available space as well as the accessibility within the study locations.

Hydrogeochemical Data Surveys

In addition to the geoelectric data used for these studies, three shallow wells were drilled to the depth of 40
m using manual rotary drilling rigs (Fig. 3) for the purpose of giving better control/support to the
geological and hydrogeological interpretation of geophysical data. Water samples were then taken from the
borehole drilled for laboratory analysis at the Lagos State Water Corporation, lju, Lagos, Nigeria.

Resistivity Data Processing

The VES data were initially subjected to interpretation using manual curve matching technique. This entails
the use of two-layer model curve alongside auxiliary curves. The resulting number of layers alongside their
resistivity values were used as input model for the computer simulation using RESIX-IP (1988). This
exercise was aimed at reducing the influence of human error in respect of the manual curve matching
interpretation. After adequate interpretative iterations, the resulting weighted root mean square error
average for the VES stations was 2.3%.

The second stage of data processing involved using the resistivity values of the computer modelling for all
the VES stations to calculate the conductivity of all the aquifer units in the study area since conductivity is
the inverse of resistivity (Table 1). However, the TDS of a water sample may be obtained by multiplying its
conductivity in micromhos per centimetre (£ mMhos/cm) by an empirical factor which may have a range

of 0.55 to 0.9, depending on its soluble components (Greenberg et al., 1980). The values obtained from the
laboratory analysis of TDS values was correlated with the one inferred from resistivity method. Based on
this correlation, 0.725 empirical factor was used.

Results and Discussion
The processed resistivity data were used to produce tables and maps showing the morphology of the
subsurface layers.

Lithologic Deduction / Aquifer Characterisation

The data on Table 1 were used to produce all the geoelectric sections of the area. Visual evaluation of the
plotted field data revealed a smooth geometry of typical 4-layer or combined minimum type characteristcs
of a sedimentary terrain (Fig. 4). The prevailing hydrostratigraphic units within the study area consists of
sand and clay, intercalated in most cases with clayey sand and sandy clay. The aquifer type ranges from
semi-confined to confined. The shallow aquifer seems to be unconfined, thus making them to be vulnerable
to surface contamination. On the other hand, the deeper aquifers are mostly semi-confined.

Conductivity Levels in Soil Water and Rock Stratigraphy

Maps of iso-conductivity surfaces (Fig. 5) were produced using the data in Table 1 with the help of
SURFER program. This prevents the error associated with manual contouring techniques. Using
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conductivity contrasts, total salinity may be found between 0.5 and 0.022 ds/m iso-conductivity surfaces.
The average depth ranges from 5 to 125 m. This map serves as a means of predicting/monitoring the
subsurface soil water conductivity levels.

Evaluation of Total Dissolved Solids (TDS) from Resistivity Data

By inputting the data in Table 1 into SURFER program, maps of TDS values for each stratigraphic layer
were produced (Figs. 6-9). Information on these maps resemble that of depths to iso-conductivity surfaces
contour maps. TDS values are measured in parts per million (ppm). One ppm is equivalent to 1 mg of
solute per kg of solution. Therefore, 1% is equal to 10,000 ppm.

In both Layers 1 and 2, over 95% of the surveyed areas have TDS values to be less than 465 mg /1, an
indication of very good quality water. In Layer 2, over 60% of the area have TDS values that range from
604-465 mg /|, an indication of good quality water. In this layer also, about 15% of the area have TDS

values that range from 23237-1010 mg /|, an indication of saline region. In Layer 4, over 70% of the area
have TDS values that range from 23237 to 1010 mg /|, an indication of intermediate quality water.

Evaluation of TDS from Laboratory Measurements

Water samples from where the parametric soundings was conducted around the abandoned six wells were
taken for laboratory analysis. Analyses performed on the samples include TDS, colour, turbidity, iron and
nitrates (Table 2). The TDS values inferred from resistivity measurements were correlated with those
obtained from the laboratory (Table 3). Using the data in this table, Fig. 10 was produced.

Evaluation of Groundwater Suitability
For potable drinking water, WHO proposes 600-1000 mg /| of TDS as the lower and upper limits of
general acceptability. For industrial and agricultural produces, different range of TDS values exist. The

results of the investigation (i.e., TDS) were compared with the WHO recommended standards suitable for
industrial and agricultural purposes (Tables 4 and 5).

Based on resistivity and total dissolved solids contrasts inferred from geoelectric data, Tables 6 and 7 were
proposed for soil water and sediments within the study area.
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Fig 2: Schlumberger electrode array configuration

Fig 3a: Drilled borehole 2 in the type locality.
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Fig 3b: Drilled borehole 3 in the type locality
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Table 1: Aquifer properties and calculated total dissolved solids (TDS)

VES No. of Resistivity of Layers Conductivity of layers Thickness of layers (m) Calculated TDS
Station Layers (Ohm-m) (Ohm*-m?) content of
No. layers (mg/l)
P, P, Ps P, o, o, o, o, T T, Ts Cl Cl, Cl; Cl,
01 4 1511 184.7 130.7 121 0.00662 0.00541 0.00768 0.08265 11 45 40.4 307 251 355 3837
02 4 201.4 150.1 131.8 9.2 0.00497 0.00666 0.00759 0.10870 1.0 6.5 59.0 230 309 352 5046
03 4 100.1 150.3 94.2 16.1 0.00999 0.00665 0.01062 0.06211 12 48 67.8 464 309 493 2883
04 4 80.4 126.2 70.5 8.2 0.00244 0.00792 0.01418 0.12195 14 2.6 41.4 577 368 658 5661
05 4 480.6 393.2 1127 5.4 0.00208 0.00254 0.00887 0.18519 11 3.8 46.2 97 118 | 412 8597
06 4 94.1 128.6 86.6 2.8 0.01063 0.00778 0.01155 0.35714 1.0 6.4 56.2 493 361 536 1657
07 4 180.4 240.2 65.8 5.6 0.00554 0.00416 0.01520 0.17857 12 10.6 441 257 193 705 8298
08 4 201.7 162.6 70.4 6.8 0.00496 0.00615 0.01421 0.14706 11 11.6 30.2 230 285 659 6827
09 4 198.4 172.4 45.2 15.4 0.00504 0.00580 0.02212 0.06494 1.0 2.8 42.6 234 269 1027 3014
10 4 108.2 206.4 89.2 4.8 0.00924 0.00485 0.01121 0.20833 11 3.6 50.4 429 225 520 9671
11 4 102.4 174.6 94.8 6.2 0.00977 0.00573 0.01055 0.16129 1.2 6.8 49.6 453 266 | 490 7487
12 4 184.3 196.3 66.4 5.4 0.00543 0.00509 0.01506 0.18519 11 10.1 40.4 252 236 699 8597
13 4 204.6 3214 114.6 6.8 0.00489 0.00311 0.00873 0.14706 1.0 8.9 56.4 227 144 405 6827
14 4 184.2 160.1 86.4 22 0.00543 0.00625 0.01157 0.45455 1.0 6.8 50.4 252 290 537 2110
15 4 601.4 286.4 54.6 2.1 0.00166 0.00349 0.01832 0.47619 11 17.8 104.6 77 162 850 221(1)
16 4 186.6 164.4 84.2 114 0.00540 0.00608 0.01188 0.08772 12 6.8 64.5 249 282 551 4072
17 4 340.2 2342 65.4 7.8 0.00294 0.00427 0.01529 0.12821 11 6.2 40.6 136 198 710 5952
18 4 100.0 74.6 26.4 8.1 0.0010 0.01341 0.03788 0.12346 1.0 8.4 69.4 464 622 1758 5731
19 4 204.7 128.6 46.8 15.1 0.00488 0.00778 0.02137 0.06623 11 6.8 64.8 227 361 992 3074
20 4 305.6 264.5 78.6 10.4 0.00327 0.00378 0.01272 0.09615 12 10.8 80.4 152 176 591 4464
Cly = Total dissolved solids for layer 1 P, = Resistivity of layer 1
T1 = Thickness of layer 1 VES = Vertical Electrical Sounding
o, = Conductivity of layer 1
Table2: Geochemical analysis of water samples from selected abandoned boreholes within the study area
Location | Appearance | Colour Turbidity | Acidity TDS Iron Nitrate Phosphate
(mg/) (mg/1) (mg/) (mg/1)
Iwaya (2) | Clear 10 4 15 3050 0.6 - -
Iwaya (1) | Clear 8 3 1.2 2560 0.4 - -
Ogudu Clear 5 6 0.8 1020 0.3 - -
(1) Clear 6 5 2.4 4628 0.12 - -
Ogudu Clear 5 4 1.4 6426 0.4 - -
(2 Clear 8 3 0.6 3248 0.3 - -
Lekki (1)
Lekki (2)
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Table 3: Comparison of laboratory analysed Total Dissolved Solids (TDS) and Field data calculated TDS
values

VES No. Laboratory TDS (mg/l) | Field data calculated
Location TDS (mg/l)
01 Iwaya (2) 3248 3837
02 Iwaya (1) 6426 5046
53 Ogudu (1) 3050 3180
67 Ogudu (2) 2560 2551
80 Lekki (1) 1020 921
97 Lekki (2) 4628 4298
Table 4: Upper limits of TDS values for agricultural uses
Animal Upper limit of TDS (mg/l)
Poultry 2860
Pigs 4290
Horses 6435
Cattle (dairy) 7150
Cattle (beef) 10000
Adult sheep 12900

Source: WHO, 1993

Table5: Upper limits of TDS values for industry

Industry Upper limit of TDS (mg/l)
Boiler feed 3000-500

Brewing and distilling 1000-500

Carbonated beverages 850

Plastics (clear) 200

Textiles 200

Confectionery 100

High grade light paper 200

Source: WHO,1993

Table 6 Corresponding resistivity of upper limits of TDS values for agricultural and
industrial purposes

Items Upper limit of TDS (mg/l) Corresponding resistivity
(Qm)
Animals
Poultry 2860 16.2
Pigs 4290 10.8
Horses 6435 7.2
Cattle (dairy) 7150 6.5
Cattle (beef) 10000 4.6
Adult sheep 12900 3.6
Items Upper limit of TDS (mg/I) Corresponding resistivity (Qm)
Industry
Boiler feed 3000-500 15.5-92
Brewing and distilling 1000-500 46.5-92
Carbonated beverages 850 54.7
Plastics (clear) 200 232.3
Textiles 200 232.3
Confectionery 100 464.6
High grade light paper 200 232.3
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Table7: Proposed Resistivity Model for water and sediment within the surveyed area.

Resistivity (Ohm-m) TDS content (mg/l) Inferred sediments Interpretation
2-46 23237-1010 Saturated fine to medium Saline water
sand or saturated clayey sand
46-77 1010-604 Saturated sand or sandy clay Intermediate quality
freshwater
77-100 604-465 Medium to coarse sand, or | Good quality freshwater
sandy clay
Over 100 Less than 465 Coarse sand Very good quality water.
Conclusion

The relevance of this work is in the ability to calculate the total dissolved solid (TDS) from electrical
resistivity data of each saturated layer and using same alongside conductivity contrast to predict and
monitor the degree of total salinity in groundwater within the study area. Good prospects exist for
freshwater development in the study area where the TDS values range from 604-465 mg/l. The

interpretation of TDS values from resistivity measurements is in good agreement with the TDS values
obtained from the laboratory measurements.

The TDS values inferred from resistivity data therefore gives reasonable and reliable information that can
be used to understand the subsurface total salinity in groundwater exploration.
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ABSTRACT: A geophysical technique has been employed to investigate seawater intrusion into
freshwater aquifers in the coastal environment of the Lagos lagoon at the University of Lagos
campus, Akoka, south-western Nigeria. Electrical resistivity method employing the Schlumberger
array was used to acquire data for six vertical electrical soundings to investigate the vertical extent
of seawater intrusion. The study revealed that the subsurface in contact with the lagoon was
invaded by saline oceanic seawater. The Schlumberger electrode array which utilized current
electrode half spacing from Im to 500m was used to acquire both resistivity and induced
polarization data in the proximity of the Lagos lagoon. Typical curve types reported for coastal
areas such as the KQ, KQQ, and HKQ were observed in the investigated area and 4-6 geoelectric
layers were delineated at an average depth of 71m. The subsurface lithology comprised of fine
through medium grained sand to coarse sand intercalated in most cases with sandy clay and clayey
sand. The resistivity of the intruded saline water was found to range between 1.8-37.2 Qm at a
depth interval of 0.7-79 m and the thickness of saline layers was found to be greater in the
proximity of the coastline. The result of the investigation revealed that even under non-pumping
conditions, the study area suffers from acute saline water intrusion and could be aggravated if
there is groundwater abstraction. Ways to check the seawater intrusion problem through artificial
recharge have been proposed in the study. [New York Science Journal. 2009;2(3):32-42] (ISSN:
1554-0200).

Keywords: Geoelectric sections, resistivity, seawater intrusion.

1. Introduction

Over time, there has been heavy reliance on groundwater resources to supplement surface
freshwater supplies for use in domestic, industrial and agricultural requirements. Most times,
however, groundwater resources are preferable to surface water resources on the basis of easier
protection from pollution and better dependability during drought periods. It has also been found
that groundwater supplies are more economic in purification aspects than alternative water
supplies, specifically surface water resources.

Coastal sedimentary basins the world over have been inundated by saline oceanic
seawater intrusion which leads to the invasion of wells drilled to the subsurface to yield freshwater
by saline water, and Nigeria has not been an exception. Saltwater intrusion in coastal aquifers in
Nigeria have been a source of public grievance as several wells drilled to the groundwater table
were abandoned only a few months after due to saline water intrusion. Even in some areas,
freshwater supplies from groundwater sources have been impossible due to saline water
dominating aquifers. Saltwater intrusion is a natural process that occurs in virtually all coastal
aquifers, it is not only a national phenomenon, but a global crisis.

In characterizing the extent of this occurrence, attempted studies have been directed
particularly to coastal areas in contact with seas, but rather few studies have been conducted to
evaluate the possibility of the occurrence via a lagoon. Even most studies in this regard attribute
the seawater as being relict and neglect the obvious impact of the saline water bodies. With a
maritime area of about 46,500 km® and a coastline of 853km parallel to the Atlantic ocean, Lagos,
is essentially a maritime state backed up by numerous rivers, lakes, creeks, swamps and lagoons;
in an attempt to evaluate the possibility of seawater intrusion to the subsurface via the lagoon, this
study was conducted.
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The investigation of seawater intrusion in freshwater aquifers has been based on
geophysical techniques especially the electrical resistivity and electromagnetic methods which
relies on resistivity contrasts as the seawater intruded zone is approached, (Goldman et al., 1989;
Fitterman and Deszcz-Pan, 2001; Kontar and Ozorovich, 2006; Khalil, 2006; Al-sayed and El-
Qady, 2007); their studies were carried out in the proximity of seas. The presence of seawater
causes groundwater to be considerably saline, hence the aquifer resistivity is reduced considerably,
and the resistivity method can delineate the boundaries of the body of saline water. The fact that a
resistivity contrast exists at the interface between fresh and saline water is sharp, the resistivity
method has proved useful.

A geochemical study can also be used to determine the possibility of seawater intrusion
and this has been used by Lee and Song, 2007. However, for enhanced results, a combination of
geophysical and geochemical analysis have proved useful, (Hwang et al., 2004).

Oyedele (2001) combined a geophysical and geochemical analyses to show the presence
of seawater intrusion in Victoria Island and Iwaya in Lagos state, south-western Nigeria. He
suggested that the freshwater/saltwater interface (FWSWI) is relatively shallow and water
withdrawals are from depths close to the FWSWI. And he contends that excessive groundwater
withdrawals can increase the incidence of seawater intrusion.

Adepelumi et al. (2008) in an attempt to demarcate possible areas for groundwater
development in the Lekki area of Lagos state, obtained resistivity results which revealed a
dominant trend of decreasing resistivity with depth, indicating an increase in salinity with depth.
They however traced the presence of the salinity to excessive groundwater pumping and the
reduction of groundwater gradients. They established the inherent presence of saline water in the
subsurface of their area of investigation as being trapped during the transgressive, and the
regressive movement of the ancient sea during the quaternary times when some sediments were
contemporaneously deposited under marine condition. They inferred that the saline water found at
a shallow depth (10-30 m) was probably trapped during marine transgression and/or it migrated
from depth by differential pressure-gradient. One can infer the source of saline water in the
subsurface as connate according to the referenced report. They, however, did not particularly cite
the influence of the lagoon which surrounded their study area. Their analysis is based on Kingston
et al (1983) who suggested that prior to the fluctuation of the sea level in Lagos area, series of
miogeoclinal depressions were formed at the edge of the rifting Atlantic Ocean. These depression
zones were later filled with seawater where the sediments were deposited. It can be inferred that
the saltwater was trapped during the period of marine deposition. The possibility of seawater
intrusion by the tidal movement of saline seawater presently was not examined. And this study
attempts to bridge that gap.

The Lagos lagoon coast bordering the University of Lagos to the east on the lagoon front
overlooking the university guest houses, senate building, University library, human resources
development board offices and the faculty of engineering are the focus of the study. It lies on
latitude 6°3040'N and 3°24'52'E longitude. It lies on marshland of vast mangrove and freshwater
swamps, surrounding a small and much dissected table land consisting of freshwater swamp
forest, mangrove swamp forest, sandy plain vegetation and rainforest vegetation (Ayolabi, 2004).
The Lagos lagoon borders the university campus to the east and south. Bariga borders it to the
north while Yaba lies towards the west. A canal runs along almost the whole of the western stretch
of the university, while a marsh which has an open connection to the lagoon encompasses the
whole of the northern stretch of the University, linking up with the canal in the west.

2. Hydrogeologic Setting of the Study Area

The study area is situated in Lagos State (figure 1) which is found within the Benin basin.
The geology has no basement outcrop. It lies on the longitude 3°E and latitude 7°N with alternate
wet and dry seasons. The Benin basin extends almost from Accra in Ghana, through the Republics
of Togo and Benin to Nigeria where it separated from the Niger- Delta basin by Okitipupa ridge
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(Ondo state) at the hinge of the Benin flank. The bottom of the sedimentary basin in the Benin
basin consists of unfossilferous sandstones and gravels weathered from the underlying
Precambrian basement. On top of these are marine shales, sandstones and limestones of Albian to
santonian ages.

The area of investigation is low-lying with some depressions observed which are prone to
flooding, as they are apparently below the surface of the lagoon.

The surface geology is made up of the Benin formation (Miocene to Recent) and the
recent littoral alluvial deposits. The Benin formation consists of thick bodies of yellowish
(ferruginous) and white sands (Jones and Hockey, 1964). It is friable, poorly sorted with
intercalation of shale, clay lenses and sandy clay with lignite. The formation is overlain in many
places by considerable thickness of red earth composed of iron-stained regolith formed by
weathering and ferruginization of the rode (Onyeagocha, 1980). Multi-layer aquifers have been
classified by Longe et al. (1987) into three types-the first encountered at a depth of 38m of
average thickness of 8m and is not a major source of water supply and stands the risk of pollution
because of its nearness to the surface. The aquifer probably belongs to the recent littoral/alluvial
depth of 30m to 120m below sea level near the coast, it consists of an alternating sequence of
sands and clay. The aquifer probably belongs to the continental Ilaro formation which is described
as a sequence of predominantly coarse sandy estuarine deltaic and continental beds. The third
aquifer is made up of alternating sequences in shape. This aquifer is the most productive and
exploited region. It occurs between depths of 30-100 m below sea level in inland areas and 120-
270 m near the coast. The thickness varies between 10 and 35 m. The aquifer most likely forms
part of the Ilaro formation.

In the Benin basin, salt water intrusion into recent sediments aquifers occurs beneath a
freshwater lens in a belt stretching from the coastline to a distance of Skm in some places.
Saltwater intrusion has also been found to occur in the confined aquifers of the coastal plain sands
in a zone stretching from Apapa to Lekki within Lagos metropolis (Oteri and Atolagbe, 2003).

Lagoons are common features on the Guinea coast of West Africa. The Lagos lagoon
with a surface area of 6354.798km’ is open, tidal and brackish, and is the largest of the eight
lagoons in southwestern Nigeria. The Lagos lagoon, a water body in the heart of the metropolis,
cuts across the southern part of the metropolis, linking the Atlantic Ocean (in the west and south)
and the Lekki lagoon (in the east). The Lagos lagoon consists of three main segments, Lagos
harbour, the metropolitan and Epe division segment.

The bottom water of the lagoon has high temperatures which were relatively constant
throughout the year. The temperatures varied between 32.7°C in December 2002 at the entrance of
the Ogun river near Ikorodu and 27°C in 2003. During the rains (April to November) the influx of
river water and heavy cloud cover in the sky resulted in a gradual fall of the temperatures to a
minimum of 26°C.

There is differential salinity in the lagoon due to the effect of the Atlantic Ocean. The
bottom deposits ranged from coarse shelly sand around the mouth of Lagos harbour through
various grades of muddy sand to mud. Sandy mud or muddy deposits occurred in the central areas
with muddy sand or sand being attributed to the fast water currents in the area. The seabed in the
metropolitan areas is relatively higher and increases towards the Epe segment of the lagoon. The
seabed has been distorted by semi and large scale mining especially towards the Ikorodu area of
the lagoon.

All the water bodies dominating Lagos State, the Lagos lagoon inclusive, others have a
common connection to the Atlantic Ocean via the commodore channel (see figure 1). Thus some
of the hydrologic conditions prevailing in the Gulf of Guinea are reflected to some extent in the
Lagos lagoon, going by the definition put forward earlier.

The entire Gulf of Guinea is highly stratified with a thin surface layer of fresh tropical
water overlying high salinity subtropical water (because of density difference). An additional
contribution of saline water comes from subducted subtropical water from the Atlantic Ocean.
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This saline water communicates with the Lagos lagoon via the Commodore channel largely
dependent on the direction of the tides.

3. Data Acquisition and Processing

In this work, a total of six VES points were occupied along selected traverses namely
AA’, BB’ and CC’. The traverses AA’ and CC’ were taken parallel to the shoreline of the lagoon
stretching westward, while the traverse BB’ was taken perpendicular to the shoreline. The
Schlumberger electrode array was utilized for the data acquisition which was done with the
ABEM terrameter SAS 1000. The current electrode half spacing for the survey ranged from 1 to
500m in successive steps.

The field data were curve matched using the conventional curve matching technique and
the layer parameters obtained were used as an input model for a fast computer iteration and
modelling software known as RESIST®. The application of this software is a standard procedure
for obtaining a fairly accurate estimate of the subsurface resistivity distribution.

The addition of Induced Polarization (IP) data to a resistivity investigation improves the
analysis of resistivity data in three ways: (1).Some of the ambiguities encountered in resolving
thin stratigraphic layers while modeling electrical resistivity data can be reduced by the analysis of
IP data, (2).IP data can be used to distinguish geologic layers which do not respond well to an
electrical resistivity survey; and (3).The measurement of another physical parameter (electrical
chargeability) can be used to enhance a hydrogeologic interpretation such as discriminating
equally electrically conductive targets such as saline, electrolytic or metallic-ion contaminant
plumes from clay layers.

The interpreted data were contoured in order to observe the resistivity, thickness, and
depth of saline layers and the freshwater/saltwater interface (FWSWI). The SURFER® 8 software
was used in producing the maps.

4. Discussion of Results

The analysis of resistivity data revealed the presence of four to five geoelectric layers
along profiles AA’ and BB’ while six geoelectric layers characterized profile CC’. Typical curve
types characteristic of saline water intruded zones were observed such as AKQ, KQH, KQ and
KQQ. The curves were found to descend gently indicating a conductivity decrease which can be
explained in terms of the seawater intrusion into subsurface formations. The descending segment
of the VES curves are characterized by a steeply low resistivity zone (figure 2). The IP curves
were interpreted thus: the electrode-depth ratio was used to estimate the depths at various
electrode spacings. Chargeabilities of < 50msec were interpreted as sand, while those >50msec or
negative were interpreted as clay; fluctuations in the IP profile was not unconnected with the clay
and sand mixture. These were interpreted as sandy clay or clayey sand depending on the degree of
fluctuation.

The correlation of the resistivity, IP (figure 3) and available borehole log in the study area
revealed that the topsoil along traverse AA’ is made up of fine to medium sand with
characteristically low resistivity attributed to the overflow of saline oceanic seawater via the
lagoon. The resistivity ranges between 11.5 Qm to 43.7 Qm with a thickness ranging from 0.7 m
to 1.7 m. This layer is underlain by a medium sand bed which is the second geoelectric layer of
resistivity 3.4 Qm to 74.9 Qm, and thickness of 2.2 m to 9.9 m. The third geoelectric layer beneath
this traverse is a continuous sandy clay formation which grades into the fourth geoelectric layer
beneath VES 1, 2, 3 and 4; and into the fifth geoelectric layer beneath VES 2. These layers are
considered to suffer from acute seawater ingress, with formation resistivity of 7Qm to 42.10 Qm.
The thickness of this layer ranges from 12 m to 70 m. (See figure 4). The fifth layer beneath VES
4 is a high resistivity coarse sand or clayey sand formation.

The geoelectric section along traverse BB’ consists of VES 5. The topsoil is the first
geoelectric layer with formation resistivitiy>100 Qm and is made up of coarse sand. The second
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geoelectric layer, even though it is a relatively good freshwater aquifer; apart from its proximity to
the surface and consequently, exposure to pollution, it’s thickness of 0.9 m does not favour
exploitation. The third geoelectric layer can be considered as the zone of rapidly mixing fresh and
saline water. With a formation resistivity of 64.1 Qm and thickness of 5.8m, it is comprised of
medium sand/ sandy clay. The fourth geoelectric layer suffers from acute saline water intrusion
due to the presence of seawater. With a resistivity of 1.8 Qm and thickness of 12.8 m, it is
composed of sandy clay. It is underlain by a coarse sand/clayey sand freshwater aquifer zone of
unknown thickness and resistivity of 210.7 Qm.

The geoelectric section along traverse CC’ consists of VES 6. The topsoil is sand
formation with a resistivity of 47.9 Qm and 0.8 m thick. The second and third geoelectric layers
which are coarse sand beds are freshwater bearing aquifers saturated by very good quality
freshwater. The formation resistivities are 260.7 Qm and 309.9 Qm, and 1.2 m and 6 m thick
respectively. The fourth geoelectric layer is composed clayey sand, saturated with good quality
water. The resistivity of this layer is 89.7Qm and it is 29.9m thick. The fifth geoelectric layer has a
resistivity of 8 Qm, and 34 m thick. The lithology which is composed of saline-water saturated
clayey formation is underlain by coarse sand bed which bears very good quality water. This layer
has a resistivity of 532.5 Qm.

The interpreted data were subjected to processing using the SURFER 8 Golden software
to produce the various contour maps. These show the lateral and horizontal extent of saline
oceanic seawater intrusion. The study area shows evidence of subsurface formations by saline
water intrusion. The depth of penetration of saline water intrusion increased from the lagoon
coastline inwards.

Maps of isoresistivity surfaces for estimating depth to saline and freshwater zones at the
locations occupied are shown in the figures below (figure 5a-f). The observed trend is that the
thickness of the saline water formation is increasing towards the coast. In addition, the depth to the
saline water zone is found to be relatively shallow near the coast compared to inland areas. The
depth to the FWSWI varies from about 72 m near the coast to about 20m in inland areas. The
resistivity of the freshwater aquifer is found to decrease as distance from the coast increases.

The isoresistivity contour map for saline water surfaces indicates that the resistivity of
saline water tends to decrease towards the coast. Higher resistivity values are observed further
away from the coast, i.e. at Tafawa Balewa way. It is expected however that this resistivity grades
gradually through intermediate water to good quality water as distance from the coast keeps
increasing. And the isoresistivity map for freshwater shows that reasonably good aquifers
containing very good quality water can be found far away from the coastline. This is attributable
to the high resistivity values which are observed as the distance from the coastline increases.

The depth to saline water surfaces is shallower in the proximity of the lagoon. With an
increase in the distance from the coastline, the depth to saline water surfaces increases to about >
22 m. The traverse taken at Tafawa Balewa way was at a higher elevation than those occupied at
the Lagoon Front and Oduduwa Drive in which the water and ground level were approximately
the same. The explanation then was that the salts are transported when there is overflow, moved
further by wind action, settle gravitationally and are pushed down the subsurface by meteoric
water. In the case of Tafawa Balewa way, the saline water hits the wall of the adjoining ground
carrying some sediments, salts inclusive. Further lagoon water hitting the walls transports the salts
further until they meet an impermeable layer which traps the salts.

The thicknesses of saline water zones are greater in the proximity of the lagoon. Less
thick beds are found away from the lagoon. The thickness of saline water intrusion is lowest at
Oduduwa Drive because it is dominated by freshwater aquifers and the most we can find is
intermediate water of rapidly mixing fresh and saline water.

The salinity problem may exist due to upward movement of water and salts from
groundwater. For coastal aquifers, the influence of seas, oceans, and lagoons are predominant.
Since it is a saline problem, the validity of including lagoons in the picture have been emphasized.
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The salt enrichment process of the subsurface is spread over to thousands of millions years, during
which the determining parameters of rainfall, hydrology and other climatic factors have not
remained constant. Much as we do not want to envisage relict seawater, whether or not it occurs,
or the salinity can be attributed to saline surface water intrusion shall become apparent at the end
of this treatise.

One of the potential causes of subsurface salinity which does not require too geologically
long a time, has been reported by Achari et al. (2005) was the inundation of an entire barrier by
the surface influx of seawater where the tsunami impact on groundwater quality was assessed.
They proferred an explanation for the process that led to groundwater salinization thus: when
seawater ingressed over the surface, by waves with heights ranging from 4 to 7 m, it carried along
some dissolved salts, which were lodged in the soil. The salts brought by the mighty waves sink
into the soil and with the first rains of the year, the absorbed salts leach down to the groundwater
aquifer and contaminated it. When the dry summer months advance, evaporation causes the salt to
accumulate in the subsurface, pending recharge (by the sea, which brings in more salts anyway).
Rainfall recharge pushes the saltwater, further down in an attempt to establish hydrodynamic
equilibrium capillary rise in rainless months push the salts up. In all, the soil salinity is significant
for a considerably long time and is a continuous process.

Table 1: Summary of Interpretation

VES | Geoelectric | Resistivity (Qm) | Thickness (m) Depth (m) Curve Type Probable Lithology Inferred Interpretation
No Layers
1 37.50 1.2 1.2 Fine to medium sand Topsoil
, 2 58.30 9.9 1.1 Medium sand Intermediate quality water
KQ
3 33.33 101.0 112.2 . Sandy clay Saline water
4 9.00 Sandy clay Saline water
1 41.50 1.7 1.7 Fine to medium sand Topsoil
2 74.90 6.5 8.2 Medium sand Intermediate quality water
2
3 37.20 12.5 20.8 KQQ Sandy clay Saline water
4 3450 584 79.2 Sandy clay Saline water
5 7.60 Sandy clay Saline water
1 43.7 1.6 1.6 Fine to medium sand Topsoil
3 2 56.9 9.1 10.7 Medium sand Intermediate quality water
KQ
3 42.1 59.2 69.9 . Sandy clay Saline water
4 12.70 Sandy clay Saline water
1 115 0.7 0.7 Fine to medium sand
Topsoil
4 2 3.6 22 2.8 Sandy clay Saline water
3 61.6 16.6 18.8 HKH Medium sand/Sandy clay Intermediate quality water
4 7.0 524 712 Sandy clay Saline water
5 514.1 Coarse sand/ Clayey sand Very good quality water
1 101.00 0.7 0.7 Coarse sand Topsoil
2 131.60 0.9 1.6 Coarse sand Very good quality water
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64.1 5.8 7.4 KOH Sandy clay Intermediate quality water
1.8 12.8 20.2 Sandy clay Seawater/ very saline water
210.7 - - Coarse sand/ Clayey sand Very good quality water
479 0.8 0.8 Fine to medium sand Topsoil
260.7 1.2 2.0 Coarse sand/ Clayey sand Very good quality water
309.9 6.0 8.0 Coarse sand/ Clayey sand Very good quality water
89.7 29.9 379 AKQH Clayey sand Good quality water
8.0 34.0 71.9 Clay Saline water
5325 - - Coarse sand/ Clayey sand Very good quality water
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Figure 1: Geological map of Nigeria showing the location of the study area. Inset is the image
of Lagos state showing the distribution of lagoon water up to the study area.
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Figure 2a-c: Representative samples of computer iterated resistivity curves
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Figure 4: Subsurface conceptualisation of the study area inferred from the VES and IP
interpretation correlated with the available borehole log.
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Figure Sa-f: Isoresistivity, isopach and depth maps of the study area.

S. Conclusion

In evaluating seawater intrusion into coastal aquifers of lagoonal environments, six
vertical electrical sounding measurements were conducted at selected stations at the University of
Lagos, Akoka; to acquire both resistivity and IP data. From the one dimensional interpretation of
the acquired data, it was found that saline water intrusion which is characteristic of seawater
penetrated the subsurface in contact with the lagoon. The depth of the intrusion increased as
distance from the coastline increased. In addition, typical curve types which are characteristic of
coastal Nigeria sedimentary basin such as the KQ, KQQ, KQH, HKQ and AKQH were observed
in the study area.

The astonishing rapidity with which saline water inundates the subsurface has been
elucidated and elaborated. The study shows that the area suffers from acute saline water intrusion.
It also attempted to look at the origin of the salts as being due to the deposition of sediments
during flow towards land areas and the influence of meteoric water which serves to push some of
these sediments down the subsurface. The study however, is not a radical departure from the view
that saline water found its way into the aquifers due to an upwelling of saline water, whose origin
is connate. Infiltration ponds whose water are natural floodwaters can be used to recharge coastal
aquifers so that the rate of withdrawal is balanced by the rate of freshwater recharge.

Seawater intrusion is a natural phenomenon in coastal aquifers. Whether we like it or not,
it occurs. Ways in which this happens have been examined. However, it becomes problematic
when man withdraws water close to coastal areas. So in attempting to minimize the problem,
monitoring its expansion and retreat, a geophysical approach has been proposed.
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Abstract

Model for predicting the final solution pH at determined initial pH and leaching time during leaching of iron oxide
ore in hydrogen peroxide solution has been derived. It was observed that the validity of the model is rooted in the
mathematical expression; (Int)"> = N(B/0 ) where both sides of the relationship are approximately equal to 2. The
model; p = Antilog[0.2439Log(a*'(Int)"*/3.6)] shows that the initial solution pH is dependent on the values of the final
solution pH and leaching time. The respective positive or negative deviation of the model-predicted final pH from its
corresponding experimental value was found to be less than 8%, which is quite within the acceptable deviation limit of
experimental results depicting the validity of the model. [New York Science Journal.2009;2(3):43-48].(ISSN:1554-
0200).

Keywords: Model, Initial Solution pH, Final pH, Hydrogen Peroxide, Iron Oxide Ore, Leaching.

1. Introduction

Nwoye [1] derived a model for the computational analysis of the solution temperature during leaching of iron oxide ore in

hydrochloric acid solution. The model is expressed as
T = ®9055m (1)
where

T= Solution temperature during leaching of iron oxide ore using hydrochloric acid.( °C)

N=8.9055(pH coefficient for hydrochloric acid solution during leaching of iron
oxide ore) determined in the experiment [1].
v = Final pH of the leaching solution at the time t when the solution temperature is evaluated.

The model is dependent on the value of the final pH of the leaching solution which was found to also depend on the
concentration of iron dissolved in the acid. The prevailed process conditions on which the validity of the model
depended on include: initial pH 2.5, leaching time; 30 minutes, leaching temperature; 25°C, average ore grain size;
150pum and hydrochloric acid concentration at 0.1mol/litre.

It has been reported [2] that phosphorus could be removed from Itakpe iron oxide ore through a leaching process
using sulphuric acid solution. Chemical analysis carried out on the iron ore indicates that the percentage of phosphorus
in the ore is about 1.18%, which from all indication is quite high and could cause embrittlement and other adverse
effects on the service life of engineering materials made from such iron ore. This was the basis for the
dephosphorization process carried out [2]. Phosphorus was removed (at a temperature of 25°C, average ore grain size;
150um and initial leaching solution pH range 0.47-0.53) and then dissolved in the acid solution in the form of
phosphorus oxide.

Nwoye et al [3] derived a model for predicting the concentration of dissolved iron during leaching of iron oxide ore in
sulphuric acid solution. The model is stated as;
%Fe = 0.35(a/T)’ Q)
Where
T = Solution temperature at the time t, when the concentration of dissolved iron is
evaluated. (°C)
0.35= (pH coefficient for iron dissolution in sulphuric acid solution during the leaching
process) determined in the experiment [3].
o = Final pH of the leaching solution at the time t, when the concentration of dissolved
iron is evaluated.

The model (formulated at conditions; leaching temperature of 25°C, initial solution pH 5.0 and average grain size;
150um) is dependent of the final pH and temperature of the leaching solution. The model shows that the concentration
of iron dissolved during the leaching process is directly proportional to the third power of the ratio of final leaching and
temperature.

Lee et al. [4] reported that the leaching of 3g/L pure haematite (98.2% purity, 105-140um size range) using 0.048-0.48M

oxalic acid at 80-100°C passed through a maximum peak at pH 2.5. Dissolution of haematite was found [4] to be
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slower than magnetite (FeO.Fe,0;) and other hydrated iron oxide such as goethite (a-FeOOH), lapidochrosite
(yFeOOH) and iron hydroxide (Fe(OH);).

The dissolution of iron oxide is believed to take place via a photo-electro chemical reduction process, involving a
complicated mechanism of charge transfer between the predominant oxalate species, namely ferric oxalate Fe(C,0,);”, ferrous
oxalate Fe(C,0,),” acting also as an auto catalyst, and the oxalate ligand on the iron oxide surface [5].

The dissolution of iron oxides in oxalic acid was found to be very slow at temperatures within the range 25-60°C, but its
rate increases rapidly above 90°C [6]. The dissolution rate also increases with increasing oxalate concentration at the constant
pH values set within the optimum range of pH 2.5-3.0. At this optimum pH, the dissolution of fine pure haematite (Fe,0;)
(105-140um) follows a diffusion-controlled shrinking core model [6].

Taxiarchour et al [7] reported that it took close to 40h to dissolve 80% of pure haematite slurry (97% purity, 0.022% w/v or
0.21% g/L Fe,05) at pH 1. He stated that even at 90°C, it required close to 10h to achieve 95% dissolution of iron of the
slurry at pH 1. They also dissolved iron using 0.1-0.5M oxalic acid (pH1-5) to dissolve iron from a 20% w/v slurry (83% of
particle size in the range 0.18-0.35mm, containing 0.029% Fe,O;). The iron oxide concentration in the leach is equivalent to
0.058¢g/L Fe,0;,

The speciation of Fe(Ill) oxalate and Fe(Il) oxalate has been found [8] to be governed by pH and total oxalate
concentration. For a having pH > 2.5 and an oxalate concentration higher than 0.1M, the most predominant Fe(III)
complex ion existing is Fe(C,0,);” . At these conditions, (pH > 2.5 and an oxalate concentration higher than 0.1M) the
predominant Fe(IT) complex species is Fe(C,0,),>.

Nwoye [9] derived a model for quantitative analysis of dissolved iron in oxalic acid solution in relation to the final pH of
the solution during leaching of iron oxide ore;

v =0.5( K [%Fe,05]+Ko[%Fe] 3)

[%Fe][%Fe,0s]

where
K, and K, = Dissolution constants of Fe and Fe,O; respectively.
v = pH of leaching solution after time t (mins.).

The values of the dissolution constants compared with those of % Fe and % Fe,O; from the experiment [9] indicate
clearly that the constants K, and K, are numerical equivalence of the chemical resistance to the dissolution of Fe and
Fe,0; (respectively) in oxalic acid solution. It was found that K, = 2K, indicating twice chemical resistance to the
dissolution Fe compare to that of Fe,O;. This expression agreed with the higher percentage of Fe,O; dissolved
compared to that of the corresponding Fe. The model also predicted the final pH of the leaching solution when the
concentrations of Fe and Fe,O; dissolved (at a temperature of 30°C and average ore grain size; 150pum) are known.

Model has been derived [10] for predicting the concentration of phosphorus removed during leaching of iron oxide ore in
oxalic acid solution. The model is expressed as;

P = ( 1505 @)
po

Where

P = Concentration of phosphorus removed during the leaching process (mg/Kg)

(W) = Weight input of iron oxide ore (g)

(o) = Final pH of the leaching solution at the time t when P is evaluated

150.5= (pH coefficient for phosphorus dissolution in oxalic acid solution during the
process) determined in the experiment [10].
The model [10] predicted the concentration of phosphorus removed, with high degree of precision being dependent on
the final pH of the leaching solution and weight input of the iron oxide ore. It also shows that the concentration of
phosphorus removed (at a temperature of 25°C, average ore grain size; 150um and initial leaching solution pH 5.5) is
inversely proportional to the product of the final pH of the leaching solution and the weight input of the iron oxide ore.
Model for computational analysis of heat absorbed by hydrogen peroxide solution (relative to the weight of iron

oxide ore added) has been derived [11]. The values of the heat absorbed Q as predicted by the model were found to
agree with those obtained from the experiment that the leaching process is endothermic in nature hence the positive
values of Q and the absorbed heat. The deviations of the predicted Q values from the experimental values were found to
be within the acceptable range. The model was found to be dependent on the weight of iron oxide ore added to solution
in the course of leaching.

The model is stated as:
Q= e1.04(dw )
where Q = Quantity of heat energy absorbed by hydrogen peroxide solution during the leaching process (J)
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N = 1.04 (Weight-input coefficient) determined in the experiment[11].
W = Weight of iron oxide ore used (g)

It has been found [12, 13] that the final pH of the leaching solution depend on the leaching time, initial pH for the
leaching solution and the leaching temperature.

The aim of this work is to derive a model for predicting the initial solution pH at assumed final pH and leaching
time during hydrogen peroxide leaching of Itakpe (Nigeria) iron oxide ore.This derivation is embarked on in
furtherance of the previous work [14].

2. Model

The ore is assumed to be stationary in the reaction vessel during the leaching process and contains the unleached iron
as part of reaction remnants. The ore is attacked by hydrogen ions from hydrogen peroxide within the liquid phase, and in
the presence of oxygen.

2.1 Model Formulation
Results from experimental work [14] carried out at SynchroWell Research Laboratory, Enugu were used for the model

derivation. These results are as presented in Table 1.
Computational analysis of these experimental results [14] shown in Table 1, resulted to Table 2 which indicate that;

(Int)'* = N[ p¢ (approximately) (6)
C
00
()" = N[ B ¢ (7
o

Introducing the values of N and C into equation (6):

(Int)"* = 3.6 B |

o ®)
However in evaluating the initial solution pH 3, equation (8) becomes
g = o (nt)"” ©)
—
Taking logarithm fof both sides of equation (9)
Logp*' = Log| o*' (Int)"? (10)
L 3.6
4.1Logp = Logf o*! (Int)'? (11)
L 3.6
LogB = 0.2439Log( o*'(Int)"? (12)
3.6
B = Antilog | 0.2439Log(” o*!(Int)"? (13)

3.6

Where
C = 4.1 (pH index for oxalic acid solution within the leaching time) determined in the
experiment [14].
t = Leaching time (minutes)
[ = Initial pH of the hydrogen peroxide leaching solution just before the leaching process started.

45



New York Science Journal, 2009, 2(3), ISSN 1554-0200
http://www.sciencepub.net/newyork, sciencepub@gmail.com

o = Final pH of the hydrogen peroxide leaching solution at time .
N = 3.6 (Dissolution coefficient of iron in hydrogen peroxide solution at time, t) determined in the experiment [14].
Equation (13) is the derived model.

Tablel: Variation of initial pH with final pH of the leaching solution at constant leaching time.[14]

() () t
757 R.67 180.00
7.83 8.80 180.00
7.40 8.87 180.00
7.86 8.99 180.00
8.10 8.95 180.00
9.25 10.19 180.00
9.26 10.20 180.00

Table 2: Variation of B¢ and o with N (B/a“)

fc ac (nt)"” N (R9aC)
4020 62 7012 59 2 2788 2 0640
4617.67 7453.82 2.2788 2.2302
3663.11 7699.93 2.2788 1.7126
4690.64 8136.07 2.2788 2.0755
5306.26 7988.67 2.2788 2.3912
9144.95 13599.22 2.2788 2.4209
9185.55 13654.03 2.2788 2.4218

3. Boundary and Initial Condition

Iron oxide ore was placed in cylindrical flask 30cm high containing leaching solution of hydrogen peroxide. The
leaching solution is non flowing (stationary). Before the start of the leaching process, the flask was assumed to be
initially free of attached bacteria and other micro organism. Initially, the effect of oxygen on the process was assumed
to be atmospheric. In all cases, weight of iron oxide ore used was 10g. The initial pH range of leaching solutions used; 7.40-
9.26 and leaching time of 3 hrs (180 minutes) were used for all samples. A constant leaching temperature of 25°C was used.
Hydrogen peroxide concentration at 0.28mol/litre and average ore grain size; 150um were also used. Details of the
experimental technique are as presented in the report [14].

The leaching process boundary conditions include: atmospheric levels of oxygen (considering that the cylinder was
open at the top) at both the top and bottom of the ore particles in the gas and liquid phases respectively. A zero gradient
was assumed for the liquid scalar at the bottom of the particles and for the gas phase at the top of the particles. The sides of the
particles were assumed to be symmetries.

4. Model Validation

The formulated model was validated by calculating the deviation of the model-predicted initial pH from the
corresponding experimental pH values.
The deviation recorded is believed to be due to the fact that the surface properties of the ore and the physiochemical
interactions between the ore and leaching solution which were found to play vital roles during the leaching process [14] were
not considered during the model formulation. It is expected that introduction of correction factor to the predicted initial pH,
gives exactly the experimental initial pH values.

Deviation (Dv) (%) of model-predicted initial pH values from those of the experiment is given by
Dv = Pp-Ep x100 (14)

_E.p_

Where p = Predictéd initial pH values
Ep = Experimental initial pH values
Since correction factor (Cr) is the negative of the deviation,
Cr = -Dv (15)
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Substituting equation (14) into equation (15) for Dv,

Cr = -100[ Pp-Ep
Ep J (16)

It was observed that addition of the corresponding values of Cr from equation (16) to the model-predicted initial pH gave
exactly the corresponding experimental initial pH values [14].
5. Results and Discussion

The derived model is equation (13). Insignificant positive and negative deviations were found to have resulted on
comparing values of the initial pH from the experimental data and those from the model, hence depicting the reliability
and validity of the model. This can be deduced from Table 3. The positive and negative deviations of the model-
predicted initial pH values from those of the experiment were found to be less than 8% which is quite within the
acceptable deviation limit of experimental results. The validity of the model is believed to be rooted on equation (6)
where both sides of the equation are approximately equal to 2. Table 2 also agrees with equation (6) following the
values of (Int)"” and N (B0 ) evaluated after statistical and computational analysis carried out on experimental results
in Table 1.

Table 3: Comparison between initial pH as predicted by model and as obtained from experiment [14].

Bexo aM Dv (%) Cr (%)
7.57 7.75 +2.44 -2.44
7.83 7.87 +0.51 -0.51
7.40 7.93 +7.16 -7.16
7.86 8.04 +2.30 -2.30
8.10 8.01 -1.11 +1.11
9.25 9.11 -1.51 +1.51
9.26 9.12 -1.51 +1.51

Where Bexp = Initial pH from experiment [14]
Bm = Initial pH predicted by model.

6. Conclusion

The model predicts the initial solution pH of the leaching solution of hydrogen peroxide during the leaching of
Itakpe (Nigeria) iron oxide ore. This prediction could be done during the leaching process providing the expectant final pH of
the solution and leaching time are known. The validity of the model is believed to be rooted on equation (6) where both
sides of the equation are approximately equal to 2. The respective deviation of the model-predicted initial solution pH
value from that of the corresponding experimental value is less than 8% which is quite within the acceptable
deviation limit of experimental results.
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Abstract: Model for calculating the concentration of leached iron during leaching of iron oxide ore in
sulphuric acid solution has been derived. The model %Fe = ¢>**'™ was found to predict %Fe (leached)
very close to the values obtained from the experiment, being dependent on the values of the final leaching
solution temperature measured during the leaching process. It was observed that the validity of the model is
rooted in the expression In(%Fe) = N(InT) where both sides of the expression are correspondingly
approximately equal. The positive or negative deviation of each of the model-predicted values of %Fe
(leached) from those of the experimental values was found to be less than 37% which is quite within the
range of acceptable deviation limit for experimental results, hence indicating the usefulness of the model as
a predictive tool. [New York Science Journal. 2009;2(3):49-54]. (ISSN: 1554-0200).
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1. Introduction

The dissolution of iron oxide is believed to take place via a photo-electro chemical reduction process,
involving a complicated mechanism of charge transfer between the predominant oxalate species, namely
ferric oxalate Fe(C,0,);", ferrous oxalate Fe(C,0,),” acting also as an auto catalyst, and the oxalate ligand
on the iron oxide surface [1]. The dissolution of iron oxides in oxalic acid was found to be very slow at
temperatures within the range 25-60°C, but its rate increases rapidly above 90°C [2]. The dissolution rate
also increases with increasing oxalate concentration at the constant pH values set within the optimum range
of pH 2.5-3.0. At this optimum pH, the dissolution of fine pure haematite (Fe,O3) (105-140um) follows a
diffusion-controlled shrinking core model [2]. Taxiarchour et al [3] reported that it took close to 40h to
dissolve 80% of pure haematite slurry (97% purity, 0.022% w/v or 0.21% g/L Fe,O;) at pH 1. He stated
that even at 90°C, it required close to 10h to achieve 95% dissolution of iron of the slurry at pH 1. They
also dissolved iron using 0.1-0.5M oxalic acid (pH1-5) to dissolve iron from a 20% w/v slurry (83% of
particle size in the range 0.18-0.35mm, containing 0.029% Fe,0;). The iron oxide concentration in the
leach is equivalent to 0.058g/L Fe,O;,

The speciation of Fe(Ill) oxalate and Fe(I) oxalate has been found [4] to be governed by pH and total
oxalate concentration. For a having pH » 2.5 and an oxalate concentration higher than 0.1M, the most
predominant Fe(IIT) complex ion existing is Fe(C,0,4);". At these conditions, (pH > 2.5 and an oxalate
concentration higher than 0.1M) the predominant Fe(II) complex species is Fe(C,0,),” .

Lee et al. [5] reported that the leaching of 3g/L pure haematite (98.2% purity, 105-140pm size range) using
0.048-0.48M oxalic acid at 80-100°C passed through a maximum peak at pH 2.5. Dissolution of haematite
was found [5] to be slower than magnetite (FeO.Fe,0;) and other hydrated iron oxide such as goethite (o-
FeOOH), lapidochrosite (y-FeOOH) and iron hydroxide (Fe(OH);).

The presence of Fe*" was found to significantly enhance the leaching of iron extraction from silica sand at a
temperature even as low as 25°C [3]. Ferrous oxalate however is oxidized quickly by air during the
dissolution and in general an induction period of a few hours was observed to exist unless a strong acidic
environment (<pH 1) or an inert atmosphere is maintained. Maintaining the high level of ferrous oxalate in the
leach liquor using an inert gas, was found [3] to enhance the reaction kinetics.

Ambikadevi and Lalithambika [6] evaluated the effectiveness of several organic acids (such as acetic,
formic, citric, ascorbic acids etc.) used for dissolving iron from iron compounds. Oxalic acid was found to
be the most promising because of its acid strength, good comlexing characteristics and high reducing
power, compared to other organic acids. Using oxalic acid, the dissolved iron can be precipitated from the
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leach solution as ferrous oxalate, which can be re-processed to form pure haematite by calcinations [7].
Many researchers have studied the use of oxalic acid to dissolve iron oxide on a laboratory scale [8-14].
Lee et al [15] used 0.19-0.48M oxalic acid to dissolve hydrated iron oxide. Iron dissolution was found [15]
to reach 90% for a 20% slurry within 60mins. using 0.19M oxalic for the finer fraction (< 150um)
containing 0.56% Fe,0;. The coarser fraction (>150um) containing 1.06% Fe,O; achieved a lower iron
removal, reaching a steady state of only 78% after 1 h of leaching. Although the pH was not measured or
controlled, it was expected that the liquor pH is < pH1 at the oxalic acid concentration range studied (0.19-
0.48M). Taxiarchou et al.[7] found that the maximum iron dissolution of only 40% is within 3h at
temperatures in the range 90-100°C. At 0.5M oxalate and all temperatures (25, 60 and 80°C) the dissolution
of iron was faster at a lower pH in the range pH 1-5 studied. Biological processes for iron dissolution have
been evaluated by several researchers based on the use of several micro organisms that were easily sourced
and isolated. Mandal and Banerjee [16] recently presented their findings on the study of the use of
Aspergillus niger and their cultural filtrates for dissolving iron present in iron compounds.
Nwoye [17] derived a model for quantitative analysis of dissolved iron in oxalic acid solution in relation to the
final pH of the solution during leaching of iron oxide ore;

y =05 K [%Fe,0;]+K,[%Fe] (1)

[PoFe][%Fe,05]

where
K, and K, = Dissolution constants of Fe and Fe,O; respectively.
v = pH of leaching solution after time t (mins.).

The values of the dissolution constants compared with those of % Fe and % Fe,O; from the experiment [17]
indicate clearly that the constants K, and K, are numerical equivalence of the chemical resistance to the
dissolution of Fe and Fe,Oj; (respectively) in oxalic acid solution. It was found that K, ~ 2K, indicating twice
chemical resistance to the dissolution Fe compare to that of Fe,O;. This expression agreed with the higher
percentage of Fe,O; dissolved compared to that of the corresponding Fe. The model also predicted the final pH
of the leaching solution when the concentrations of Fe and Fe,Os dissolved (at a temperature of 30°C and average
ore grain size; 150um) are known.

Model has been derived [18] for predicting the concentration of phosphorus removed during leaching of iron
oxide ore in oxalic acid solution. The model is expressed as;

P= [ _1505 Q)
po

Where
P = Concentration of phosphorus removed during the leaching process (mg/Kg)
(w) = Weight input of iron oxide ore (g)
() = Final pH of the leaching solution at the time t when P is evaluated
150.5 = (pH coefficient for phosphorus dissolution in oxalic acid solution during the
process) determined in the experiment [18].
The model [18] predicted the concentration of phosphorus removed, with high degree of precision being
dependent on the final pH of the leaching solution and weight input of the iron oxide ore. It also shows that the
concentration of phosphorus removed (at a temperature of 25°C, average ore grain size; 150um and initial
leaching solution pH 5.5) is inversely proportional to the product of the final pH of the leaching solution and
the weight input of the iron oxide ore.

It has been found [19, 20] that the final pH of the leaching solution depend on the leaching time, initial pH
for the leaching solution and the leaching temperature.

It has been reported [21] that phosphorus could be removed from Itakpe iron oxide ore through a
leaching process using sulphuric acid solution. Chemical analysis carried out on the iron ore indicates that the
percentage of phosphorus in the ore is about 1.18%, which from all indication is quite high and could cause
embrittlement and other adverse effects on the service life of engineering materials made from such iron ore.
This was the basis for the dephosphorization process carried out [21]. Phosphorus was removed (at a
temperature of 25°C, average ore grain size; 150pum and initial leaching solution pH range 0.47-0.53) and then
dissolved in the acid solution in the form of phosphorus oxide.
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Nwoye et al [22] derived a model for predicting the concentration of dissolved iron during leaching of iron
oxide ore in sulphuric acid solution. The model is stated as;
%Fe = 0.35(a/T)’ 3)
Where
T = Solution temperature at the time t, when the concentration of dissolved iron is
evaluated. (°C)
0.35= (pH coefficient for iron dissolution in sulphuric acid solution during the leaching
process) determined in the experiment [22].
o = Final pH of the leaching solution at the time t, when the concentration of dissolved
iron is evaluated.
The model (formulated at conditions; leaching temperature of 25°C, initial solution pH 5.0 and
average grain size;150um) is dependent of the final pH and temperature of the leaching solution. The model
shows that the concentration of iron dissolved during the leaching process is directly proportional to the third

power of the ratio of final leaching and temperature.
The aim of this work is to derive a model for calculating the concentration of leached iron relative to the final
solution temperature during leaching of Agbaja (Nigeria) iron oxide ore in sulphuric acid solution.

2. Model
The solid phase (ore) is assumed to be stationary, contains the un-leached iron remaining in the ore.
Hydrogen ions from the sulphuric acid attack the ore within the liquid phase in the presence of oxygen.

2.1 Model Formulation
Experimental data obtained from research work [23] carried out at SynchroWell Research Laboratory, Enugu
were used for this work.
Results of the experiment as presented in report [23] and used for the model formulation are as shown in
Table 1.

Computational analysis of the experimental data [23] shown in Table 1, gave rise to Table 2 which
indicate that;

In(%Fe) = N(InT) (approximately) @)
%Fe = """ (5)

Introducing the value of N into equation (5)
0 Fe = e20421nD) (6)

where
%Fe = Concentration of leached iron during the leaching process.
T= Leaching solution temperature at the time t when the concentration of leached iron is
evaluated.(’C)
N= -2.0421(Temperature coefficient for iron dissolution in sulphuric acid solution during
leaching of iron oxide ore) determined in the experiment [23].
Equation (6) is the derived model.

Tablel: Variation of weight input of iron oxide ore with final leaching solution temperature and
leached iron. [23]

M T (°C) %Fe (10™)
8 26.01 1.7820
12 26.00 1.4000
14 25.90 1.6000
16 25.80 1.3000
18 25.76 1.0000
20 26.20 2.0000
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Table 2: Variation of In(%Fe) with N(InT)

In( %Fe) N(InT)
-6.3300 -6.6541
-6.5713 -6.6534
-6.4378 -6.6455
-6.6454 -6.6376
-6.9078 -6.6344
-6.2146 -6.6690

3. Boundary and Initial Condition

Consider iron ore in cylindrical flask 30cm high containing leaching solution of sulphuric acid. The
leaching solution is stationary i.e (non-flowing). The flask is assumed to be initially free of attached
bacteria. Initially, atmospheric levels of oxygen are assumed. Weight of iron oxide ore used; (8-20g), initial
pH of leaching solution; 5.0 and leaching time; 30 minutes were used. Leaching temperature used; 25°C.
Ore grain size; 150um, volume of leaching solution; 0.1 litre and sulphuric acid concentration; 0.1mol/litre
was used. These and other process conditions are as stated in the experimental technique [23].
The boundary conditions are: atmospheric levels of oxygen (since the cylinder was open at the top) at
the top and bottom of the ore particles in the liquid and gas phases respectively. At the bottom of the
particles, a zero gradient for the liquid scalar are assumed and also for the gas phase at the top of the
particles. The leaching solution is stationary. The sides of the particles are taken to be symmetries.

4. Model Validation
The formulated model was validated by direct analysis and comparism of %Fe values from model data and
those from the experimental data for equality or near equality.

Analysis and comparison between these data reveal deviations of model data from experimental data. This
is believed to be due to the fact that the surface properties of the ore and the physiochemical
interactions between the ore and leaching solution which were found to have played vital roles during the
leaching process [23] were not considered during the model formulation. This necessitated the introduction of
correction factor, to bring the model data to that of the experimental values. (See Table 3)

Deviation (Dv) (%) of model %Fe values from experimental %Fe values is given by

Dv= | Dp-DE | x 100 @)
DE
Where  Dp =Predicted %Fe values from model
DE = Experimental %Fe values
Correction factor (Cf) is the negative of the deviation i.e

Cf =-Dv ®)

Therefore

Cf = [Dp-DE |x 100 )
DE

Introduction of the corresponding values of Cf from equation (9) into the model gives exactly the
corresponding experimental %Fe values [23].
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Table 3: Comparison between%Fe dissolved as predicted by model and as obtained from experiment [23].

%oFee (107) %Fey (107) Dv (%) Cf (%)
1.7820 1.2887 -27.68 +27.68
1.4000 1.2897 -7.88 +7.88
1.6000 1.3000 -18.75 +18.75
1.3000 1.3102 +0.78 -0.78
1.0000 1.3143 +31.43 -31.43
2.0000 1.2697 -36.52 +36.52

Where
%Fe., = %Fe values from experiment [23]
%Fey = %Fe values predicted by model

5. Results and Discussion

The derived model is equation (6). A comparison of the values of %Fe from the experimental data
and those from the model shows positive and negative deviations less than 37% which is quite within the
range of acceptable deviation limit of experimental results, hence depicting the reliability and validity of
the model. This is shown in Table 3. The validity of the model is believed to be rooted on equation (4)
where both sides of the equation are correspondingly approximately equal. Table 2 also agrees with
equation (4) following the values of In[%Fe] and N(InT) evaluated from Table 1 as a result of
corresponding computational analysis.

6. Conclusion

The model calculates the concentration of leached iron relative to the final leaching solution
temperature during leaching of Agbaja iron oxide ore in sulphuric acid solution. The validity of the model
is believed to be rooted on equation (4) where both sides of the equation are correspondingly approximately
equal. The deviation of the model-predicted %Fe values from those of the experiment is less than 37%
which is quite within the range of acceptable deviation limit of experimental results. The model is therefore useful
as a predictive tool.
Further works should incorporate more process parameters into the model with the aim of reducing the
deviations of the model-predicted %Fe values from those of the experiment.
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Abstract

Model for quantifying the extent and magnitude of water evaporated during time-dependent drying of clay
has been derived. The model; y = exp((Int/2.9206)"*) shows that the quantity of evaporated water during the
drying process is dependent on the drying time, the evaporating surface being constant. It was found that the
validity of the model is rooted in equation (1) where both sides of the equation are correspondingly
almost equal. The respective deviation of the model-predicted quantity of evaporated water from the
corresponding experimental value is less than 19% which is quite within the acceptable deviation range of
experimental results, hence depicting the usefulness of the model. [New York Science Journal. 2009;2(3):55-
58]. (ISSN: 1554-0200).

Keywords: Model, Water, Evaporation, Drying, Clay

1. Introduction

According to Barsoum (1997a), the contents of the basic clay materials are divided into three groups. The

first group involves clays containing mainly the mineral kaolinite. The second groups are clays containing
mineral rnontmorillorite, while the third group are clays which are intermediate product of disintegration of
mica into kaolin. The structure of sinters and pellets may be divided into two parts viz, the mineral and the
pores. It is widely accepted that the properties of pellets and sinters are closely related to the mineral
constituents (Unal,1986).
Voids volume in packed dispersed powder according to Furnass (1928), depends on the ratio of smallest
size (Ss) to largest size (Ls) particle as well as the percentage of constituent monosized particles. He
maintained that the smaller the (Ss/Ls) ratio, the more continuous the distribution and the lower the void
volume of the system. It has been discovered (Singer and Singer, 1963), that on heating dried clays, water
is given off. With time, a hard but porous piece forms. A swollen appearance might occur during the
release of some gases, but overall shrinkage must occur when verifications set in leading to a strong dense
piece.

Chemical composition of the pellet, pelletisation parameters and firing conditions has been found to
affect the shrinkage of clay pellets (Nwoye, 2003a). He posited that the rate of chemical reaction is very
much dependent on the gas-solid contact area, which is mostly governed by the porosity of the pellet. He
also stated that the shrinkage of clay is probably due to volume change resulting from evacuation of water
from the voids, reduction of the size of the pores as well as decrease in the interparticle separation.

Recent analysis (Viewey and Larrly,1978a) shows that fine particles shrink more, are denser and
exhibit excellent mechanical properties. These ceramists also came out with some startling findings
following investigations carried out on the relationship between particle size and size distribution with
linear drying shrinkage, firing shrinkage and apparent porosity. They concluded that no visible relationship
exists between particle size and linear drying shrinkage. Finer particles tend to shrink more. They also
stated that the finer the particle size, the lesser the apparent porosity and greater the bulk density.

Arisa, (1997) stressed that the behaviour of ceramic product are very dependent on their composition, grain
size, grain distribution, structure of grain and pores. Nwoye (2003b) also posited that the grain size and grain
distribution of the clays have significant effect on their physical and technological properties (binding ability,
shrinkage and plasticity).

Pores are usually deleterious to the strength of ceramics not only because they reduce cross-sectioned area
over which the load is applied but more importantly act as stress concentrators (Barsoum,1997b). Viewey
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and Larrly, (1978b) in an intensive study of the relationship between particle size and linear drying
shrinkage revealed that there is no visible relationship existing between them. They also stated that the finer the
particle size, the lesser the apparent porosity and the greater the bulk density.

Reed, (1988a) described firing as having three stages through which it proceeds; preliminary reactions
which include binder burnout, elimination of gaseous product of decomposition and oxidation, sintering as
well as cooling which may include thermal and chemical annealing.

Several works (Singer and Singer, (1963); Reed, (1988); Keey, (1978); Barsoum, (1997)) have been done
on shrinkage of clay but none of them investigated the effect of porosity on the swelling and shrinkage
behaviour of clay. Porosity is known to influence the swelling and shrinkage behaviour of clay sinters and
pellets.

Drying according to Reed (1988b) occurs in three stages; increasing rate, constant and decreasing rate. He
pointed out that during the increasing rate; evaporation rate is higher than evaporating surface hence more
water is lost. At constant rate, the evaporation rate and evaporation surface are constant. He posited that
shrinkage occurs at this stage. Keey (1978) suggested that at this stage, free water is removed between the
particles and the interparticle separation decreases, resulting in shrinkage. During the decreasing rate,
particles make contacts as water is removed, which causes shrinkage to cease.

The present work is to derive a model for quantifying the extent and magnitude of water evaporated during
time-dependent drying of Nsu (Nigeria) clay.

2. Model formulation

Experimental data obtained from research work (Nwoye,2007) carried out at SynchroWell Research
Laboratory, Enugu were used for this work. Results of the experiment used for the model formulation are as
shown in Table 1.

Computational analysis of the experimental data (Nwoye,2007) shown in Table 1, gave rise to Table 2
which indicate that;

Iny = (Int/LogB)™ (approximately) €))

v = exp((Int/ Logp)") @
Introducing the values of § and N into equation (2)

y = exp((Int/2.9206)"*) 3)

Where
(y) = Weight of water lost by evaporation during the drying process (g)
(B) = Area of evaporating surface (mm®)
N = 1.4; (Collapsibility coefficient of binder-clay particle boundary at the drying
temperature of 90°C) determined in the experiment (Nwoye, 2007).
t = Drying time (mins.).

Table 1: Variation of quantity of evaporated water with drying time (Nwoye,2007)

® ® )
30 833 2.90
50 833 3.90
70 833 5.90
90 833 6.60
110 833 7.60
130 833 8.01
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Table 2: Variation of Iny with (Int/Logf)"

Int Logp Iny (Int/Logf)"
3.4012 2.9206 1.0647 1.2378
3.9120 2.9206 1.3610 1.5056
4.2485 2.9206 1.7750 1.6900
4.4998 2.9206 1.8871 1.8315
4.7005 2.9206 2.0281 1.9468
4.8675 2.9206 2.0807 2.0446

3. Boundary and Initial Conditions

Consider a rectangular shaped clay product of length 499mm, width 17mm, and breadth 9mm exposed
to drying in the furnace while it was in wet condition. Initially, atmospheric levels of oxygen are assumed.
Atmospheric pressure was assumed to be acting on the clay samples during the drying process (since the
furnace is not air-tight). The grain size of clay particles used is 425um, weight of clay and binder
(bentonite) used (for each rectangular product); 100g and 10g respectively, quantity of water used for
mixing; 2% (of total weight), drying temperature used; 90°C, area of evaporating surface;833mm”and range
of drying time used; (30-130 mins.).

The boundary conditions are: Atmospheric levels of oxygen at the top and bottom of the clay samples
since they are dried under the atmospheric condition. No external force due to compression or tension was
applied to the drying clays. The sides of the particles and the rectangular shaped clay products are taken to
be symmetries.

4. Model Validation

The formulated model was validated by direct analysis and comparison of the model-predicted y values and
those from the experiment for equality or near equality.

Analysis and comparison between these y values reveal deviations of model-predicted y from those of
the experimental values. This is believed to be due to the fact that the surface properties of the clay and the
physiochemical interactions between the clay and binder, which were found to have played vital role during
the evaporation process (Nwoye,2007) were not considered during the model formulation. This
necessitated the introduction of correction factor, to bring the model-predicted y value to that of the
corresponding experimental value (Table 3).

Deviation (Dv) (%) of model-predicted y values from the experimental y values is given by
Dv= DP-DE x 100 4

DE
Where  DP = v values predicted by model
DE = y values obtained from experiment
Correction factor (Cf) is the negative of the deviation i.e
Cf = -Dv %)

Therefore
Cf =-100 | DP - DE (6)
DE

Introduction of the value of Cf from equation (6) into the model gives exactly the corresponding
experimental value of y (Nwoye, 2007).

5. Results and Discussion

The derived model is equation (3). A comparison of the values of y obtained from the experiment and
those from the model shows little deviations hence depicting the reliability and validity of the model (Table
3). The respective deviation of the model-predicted quantity of evaporated water from the corresponding
experimental value is less than 19% which is quite within the acceptable deviation range of experimental
results, hence depicting the usefulness of the model. It was found that the validity of the model is rooted in
equation (1) where both sides of the equation are correspondingly almost equal. Table 2 also agrees with
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equation (1) following the values of Iny and (Int/LogB)" evaluated from Table 1 as a result of corresponding
computational analysis.

Table 3: Comparison between quantities of evaporated water as predicted by model and as obtained
from experiment. (Nwoye, 2007)

Yexp T Dv (%) Cf (%)
2.90 3.4480 +18.90 -18.90
3.90 4.5069 +15.56 -15.56
5.90 5.4195 -8.14 +8.14
6.60 6.2432 -5.41 +5.41
7.60 7.0062 -7.81 +7.81
8.01 7.7261 -3.54 +3.54

where vy, = v values obtained from experiment (Nwoye, 2007)
vm = v values predicted by model.

6. Conclusion

The model evaluates the quantity of water lost by evaporation during drying of Nsu (Nigeria) clay at
90°C. It was found that the validity of the model is rooted in equation (1) where both sides of the equation are
correspondingly almost equal. The respective deviation of the model-predicted quantity of evaporated water
from the corresponding experimental value is less than 19% which is quite within the acceptable deviation
range of experimental results, hence depicting the usefulness of the model.

Further works should incorporate more process parameters into the model with the aim of reducing the
deviations of the model-predicted y values from those of the experimental.
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Abstract: The paper presents heuristic scale technique to study fluid flow and heat transfer in the entrance
region of elliptic ducts starting with conservation laws of mass, momentum and energy transport. The
method provides a powerful scheme to approximate heat transfer parameters required for the design of heat
exchangers as in the case of solar collector, automotive radiator, transformer and other heat transfer
equipment. A generalized boundary condition in which no mode of heating is specified is imposed on the
fluid flow. Generalized equations of thermal entrance length L/, hydrodynamic entrance length L/, friction
coefficient f’, axial pressure drop dp/, and Nusselt number Nu' are developed. The results obtained from the
analysis show that the generalized Nusselt number, thermal entrance length and hydrodynamic entrance
length are independent of fluid properties and therefore depends solely on the eccentricity of the ellipse.
The results also indicated that the Nusselt number at the end of minor axis is greater than that of the major
axis. Also obtained is hydrodynamic characteristic fRe=16 for e=o whch compares well with the value
compiled by Necati Ozsiki for a circular geometry (e=0). [New York Science Journal. 2009;2(3):59-71].
(ISSN: 1554-0200).

Keywords: Analytical, Fluid, Scale, Entrance, Ellipse

INTRODUCTION

The present investigation, using a generalized boundary condition, is to establish the validity of scheme of
scale analysis for the solution of engineering problems and to predict parameters required for design of heat
exchanger as in the case of solar collector, nuclear reactor, power plant radiator and some other heat
transfer equipment. However, the scheme has proved its worth as a hypothesis in engineering and
technology by giving an appropriate theoretical analysis to generate a generalized condition to predict both
hydrodynamic and thermal entrance lengths in any elliptic configuration. Among previous researchers who
had worked in closely related areas are Horneck[1], Shah[2] and Wiginton[3]. They studied laminar flow in
entrance region of pipe, rectangular duct and parallel plates respectively. Abdel-Wahed et al.[4] also carried
out extensive practical investigation in study of laminar developing and fully developed flows and heat
transfer in horizontal elliptic duct. Numerical study of entrance region heat transfer was considered by
Webb[5]. Kutcher et al.[6] analyzed some aspect of unglazed transpired solar collector using scale
approach. Kutcher[7] also introduced scale analysis in solving some parts of his problem. Analysis of
laminar flow and heat transfer in the entrance region of an internally finned circular duct has been
investigated by Parakash[8]. Bello-Ochende and Adegun[9] studied heat transfer in polygonal ducts using
scale technique. Adegun[10] also investigated heat transfer in the entrance of concentric elliptic annulus
using scaling method. Bello-Ochende and Adegun[11] also studied heat transfer in elliptic duct using
perturbation technique. Osizik[12] compiled results for generalized thermal and hydrodynamic entrance
lengths for various geometries.
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Focus of the Work

The present study is an investigation of forced convection and fluid flow in elliptic ducts. The authors
adopted an approximate method called scale analysis. A physical model of the problem is shown in Fig.1.
The duct is divided into two distinct regions: entrance and fully developed region. Only the entrance region
is analyzed, a generalized condition in which no mode of heating is specified is assumed at the entrance
region. For each of the problem to be solved, the scale most representative of the appropriate equation was
analyzed heuristically. The scale analysis was carried out manually while computer algorithm was
developed to generate the result.

2. FORMULATION OF THE GOVERNING EQUATIONS
The physical model and cylindrical-polar coordinate (r,z,¢) system are shown in Fig. 1.

FDR

Fig. 1: The Physical Model and the Coordinate Axis

Ur, Uz and Ug are the velocity components in r, z and ¢- coordinates respectively. The working fluid is
assumed Newtonian, incompressible with constant property. It is assumed that the velocity profile at the
entrance is uniform and the working fluid is air. Effect of inclination is assumed to be negligible because of
the potentiality of the flow which is likely to be very high at the entrance of the duct. However, the
following specifications are made for the validity of the entrance formulae.

(1) The boundary layer thickness, § is far less than the characteristic length, L of the duct
d<<L
(i) The following scale of changes and order of proportionality are identified in axial and radial
directions:
z~L, r~&and U,~U,
(iii) For a conduit at the transition point,
Op~ 0 forPr~1,
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(iv) At the point where the flow is hydrodynamically fully developed,
L~Ly,
(v) At the point of thermally developed fluid flow,
L~L.
The following equations govern the fluid flow and heat transfer in the elliptic pipe.

2.1 Continuity Equation:
For a steady state incompressible fluid flow,
ou, U, dJ, ou

S AR R R0 1)
or r rog oz

2.2. Momentum Transport Equations.
For constant velocity and density, the momentum equations for a steady flow in polar coordinate system are

Radial direction:

/ 20U
M, =L 4y vzur—U—;— ! (2)
por r r-o¢
Azimuthal direction:
/ U
M¢:—6P +v(v2u¢——j+2‘fi) (3)
ool r r-og¢
Axial direction:
/!
M,=- —+ vV2UZ 4)

_pﬁz
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2.3 Energy Transport Equation
In the absence of energy source and viscous dissipation; if radiation is neglected, the energy transport
equation for a steady flow is

urﬂ+u¢ﬂ—uzﬂ:avﬁ (5)
or rog 0z

3 CONCEPT OF HYDRODYNAMIC AND THERMAL BOUNDARY LAYER

This analysis is of practical interest, particularly to the engineers. It establishes the hydrodynamic and
thermal characteristics of fluid flow at the entry of conduits. Attention is focused on hydrodynamic and
heat transfer results. The governing equations are intuitively scale to yield a generalized form of results
under a generalized boundary constraint.

3.1. Hydrodynamic Analysis

The analysis will help to determine the hydrodynamic entrance length, L; for flow inside conduits. This
length is defined as the length required from the duct inlet to achieve a maximum velocity of 0.99 of the
corresponding fully developed value. The scale analysis of the continuity equation (1) is:

Thus,
U
Uf’_¢’U_°0:0 (6)
5,6 L
U
Ye 1 ZeYs (7)
s, o5, L

Oy ~ 1y, the hydraulic radius defined as

A"
P ®)

To complement the above scaling, the momentum equation (4) in the axial direction is also scaled to
become,

vu, Uu, u> P U, U,
0, 0, L pL 6, L?

I, =

Where from equation (9),

U’ u.u

—°°~vU;°,and L °°~VU;° and P~ P,
L oy, oy, L

Hence, the following relations can be deduced

§,= LRe,"” and U, ~U, Re, (10)
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k— Heat transfer —>‘
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Ly
<
L,
< >

Fig.2: A typical sketch showing hydrodynamic and thermal entrance lengths

3.1.1Estimation of Generalized Hydrodynamic Length
It is obtained from equation (10) that

5,~LRe}”? (11
Introducing the specified parameters and scale of changes into equation (11) yields

L/ _ 1—92 Lh (12)
= -
41++1-¢%) Rep Dy
Where,
a’—b*=a’’
2
5, = av1l-e Vv _U,

CpsAl-e? U,

The generalized hydrodynamic boundary layer is

) 1 —e?
s/ =Cfn__N1-“€& (13)
"a 1i4l-e?

L/h , 54, and V, are the generalized non-dimensional hydrodynamic entrance length, hydrodynamic

boundary layer thickness and radial velocity respectively.

3.1.2 Generalized Friction Coefficient
The scale most representative of shear stress equation,

; ou

={—, 1S

#ar

.t 14)
o

Introducing the appropriate scale of changes gives a generalized form of hydrodynamic characteristic of the
duct flow as
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f’'Re = (15)

3.1.3 Generalized Static Pressure Distribution
The axial pressure drop in the entrance region of a horizontal elliptic pipe is obtained from momentum
equation in the axial direction. The scaling of the equation yields

2
U, _ _1dp (16)
L p L
The generalized pressure drop is obtained as
1/ pU 2
aP _ spY. 17)
L Re, D,

where, dP = P_ - P,

0
Equation (17) indicates that the pressure gradient is maximum at the entrance of the pipe and decreases
monotonically with downstream distance until it reaches a constant value. The equation also shows that the
pressure drop dP increases with axial distance and inversely proportional to Reynolds number, Rep,

3.2 Concept of Thermal Boundary Layer
The analysis presents a well defined equation for generalized thermal entrance length, L{ and Nusselt

/ . . .
number, NU" at the end of major and minor axes of the ellipse. The scheme employs the energy transport
equation for the derivation of the equations.

3.2.1 Evaluation of Thermal Entrance Length
For the energy transport equation (5), the scale analysis is,

UAT UAT UAT

, , . (18)
Whgre, &, L
K =g AT AT AT
a é‘tz 4 §t2 ’ Lz

Thus, the scale most representative of equation (18) is

U, LAT a%f (19)
t

From equation (19), it is derived that the generalized entrance length is

/ L 1-¢’
L~ ~ (20)
D RePr (1+ /1—62)2

L, is local thermal entrance length.
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3.2.2 Evaluation of generalized Mean Nusselt number
Nusselt number is a non dimensional parameter indicative of the ratio of energy convection to conduction.

Nusselt number at the end of Major Axis
The fundamental equation for Nusselt number is

hD
NuD= — 2
K @D
where h is convective heat transfer coefficient. It is given as
K
h=— (22)
S

The generalized Nusselt number at the end of major axis is obtained as,

2!1+\/1—e2 )

NuD ~ (23)
1-e?

Nusselt number at the end of Minor Axis
Recall equation (21), and express as

D
NuB ~ — 24
5 (24)

tm

In this case, Oy, is the thermal boundary layer thickness along the minor axis. Fig. 3 is considered for

continuity of the boundary layer thickness.

5tmj = 5tmn + 5tz (25)

For continuity of the boundary layer thickness, the following expression is employed:
12)

(;mn 5tmj ~ 51B (26)

tmj
Where 5tB is the minor thermal boundary layer thickness at the transition point.

The Nusselt number at the end of minor axis is

NuB:i—Ml_ez (27)

1-e?

Fig.3: Enlarged Section of the Duct
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4. RESULTS AND DISCUSSION

30
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Fig. 4 Effects of eccentricity of the ellipse on
f'Re

Fig. 4 shows the variation of hydrodynamic characteristic of the duct flow, fRe with eccentricity. It is
observed that fRe increases with eccentricity, and fRe =16 for e = 0, which corresponds to a circular
geometry, compares well with those published in literatures.

16

14 4 ——NuD
12 4 ——NuB
10 4

=

z 87
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4
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0 0.10203040506070809 1
e

Fig. 5 Nusselt number at the end of major and
minor axes

Fig.5 shows the relationship between Nusselt number and eccentricity of the ellipse at the end the minor
and major axes. It is noticed in the plots that for 0<e<0.2, the difference between the heat transfer rate at the
end of major and minor axes is insignificant. Above ¢ = 0.2, more heat is transferred from the end of minor
axis. It is also noticed that the higher the value of eccentricity, e, the higher the difference between NuB
and NuD for a given eccentricity. A critical eccentricity, e=0.866, is obtained for optimum heat transfer by
the use of mathematical analysis in combination with the results obtained from the plots.
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Fig. 6 Hydrodynamic entrance lengths
for various eccentricities

Effect of eccentricity on hydrodynamic entrance length is given in Fig.6. The figure shows that the entrance
length reduces with increasing value of eccentricity. The present generalized hydrodynamic entrance length
0.0277 lies within the values obtained by McComas (0.02447) and Abdel-Waheed (0.0345) for the same
elliptic geometry of e=0.866.
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Fig. 7 Effect of eccentricity on hydrodynanic boundary layer

thigknsss

Variation of hydrodynamic boundary layer thickness, 8", with eccentricity, e is shown in Fig.7. It shows
that at the points of transition to fully developed flow, &', reduces with increase in e.
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Fig. 8 Influence of eccentricity on friction for
various Reynold's numbers

Fig.8 shows that the generalized friction values " reduces with increase in e and Re. Also, towards Re =
2000 the plots becomes flattened which is an indication that as Re tends towards transition from laminar to
turbulent flow, f' becomes almost a constant.
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Fig. 9 Variation of thermal entrance length with
eccentricity

Fig.9 depict that thermal entrance length and eccentricity are inversely related, with L', reduces with e.
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Fig. 10 Nusselt mumber at the end of major axes

Fig.10 shows a gradual increase in Nusselt number with increasing eccentricity. Above 0.866, that is,
towards the collapse of the duct, heat transfer is not by convection alone, conduction plays its own part, and
that is why there is sudden rise in the Nusselt number. Therefore 0.866 is the critical value for optimum
heat transfer by convection.

CONCLUDING REMARKS

e Scale analysis has been found suitable method for solution of entrance problems.

e Generalized Nusselt numbers are independent of fluid properties. They depend solely on eccentricity of
the duct.

e A critical eccentricity, e = 0.866, is attained for optimum heat transfer by convention.

e Mathematical expression to relate hydrodynamic characteristic of the duct flow and Nusselt number had
been developed.

NuD=0.25 f 'Re
NuB:; f 'Re

Vi-¢?

e The relationship between NuD and NuB has also been established:

NuD = 0.25+/1—¢e? NuB

Nomenclatures

a Semi major axis of the ellipse
A*  Cross sectional area

B Semi minor axis of the ellipse
B Minor diameter

C,  Specific Heat Capacity at constant pressure (J / kgK)
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Dh
D

e
ETR

Hydraulic Diameter

Major Diameter
Eccentricity of ellipse
Entrance region

F (r) Body force component in radial

direction

F (#) Body force in @ direction

F (2) Body force component in the axial direction

FDR

g
h
K
L

I‘h
LHS
I-I
NuB

Fully developed region

Acceleration due to gravity (M/$?)
Convective heat transfer coefficient
Thermal conductivity of the working fluid
Characteristic Length

Local hydrodynamic entrance length

Left hand side

Local e thermal entrance length

Nusselt number at the end of minor axis

NUD Nusselt number at the end of major axis

p Average pressure over the duct cross section
p' The small pressure variation governing the flow distribution in the cross stream plane
Pr  Prandtl number, v/a

P*  Wetted perimeter

Re Reynolds number

RHS Right hand side

T Dimensional fluid temperature

U, Dimensional velocity in radial direction

U p Dimensional velocity in azimuthal direction
U, Dimensional velocity in z direction
V,  Normalized cross flow velocity

VA Coordinate in the direction of flow

(axial direction)

Greek Symbol

o Thermal diffusivity (m>/S)

L Coefficient of thermal expansion

5h Local hydrodynamic boundary layer thickness
5| Local thermal boundary layer thickness

A Angle of inclination
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v Kinematic viscosity of the fluid m?/s
P Density, Kg/ m’

Subscripts:
h Hydrodynamic
t Thermal
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ABSTRACT

In order to continue to explore the enormous potential of solar energy as a veritable source of
energy, physical constraints inherent in science and technological must steadily be converted to
advantageous concepts and processes. This study investigates methods for enhancing thermal capabilities
of a parabolic dish solar collector or concentrator. Optical lenses of different focal lengths and diameters
were utilised to determine various output characteristics of thermal radiation. Convergent temperature (T,),

rate of energy emitted (Q ), and intensity of radiation (in) were found to increase with steady increase in

ambient temperature (T,). Larger diameter lenses and shorter focal length lenses were more advantageous
than smaller diameter lenses and longer focal length lenses in producing higher thermal outputs
respectively. It was further observed that actual drop in thermal outputs are obtained with lenses of 15 and
30 cm focal lengths compared with no-lens condition at upward of 31 °C of ambient temperature. Also, the
farther away the temperatures measured, the lower the thermal output temperature. This was as a result of
radiation effects from the collector which influenced the output temperatures around the lenses. The study
therefore concluded that enhanced thermal capabilities of solar energy devices operating on thermal
radiations could be achieved by this method. [New York Science Journal. 2009;2(3):72-78]. (ISSN: 1554-
0200).

Keywords: thermal capabilities, concentrator, optical lenses, converged temperature, rate of energy
emitted, and intensity of radiation

1. INTRODUCTION

In view of increasing interest of finding enhanced and effective temperature output and thermal
capabilities of solar energy radiations, which is described by Adegoke and Bolaji (2000) as the most
attractive energy source for the future; this work is intended to further corroborate various existing methods
and applications of solar energy devices operating on principles of thermal radiations. Many areas of
applications of solar energy devices such as, solar cooker, solar furnaces, cooling of building, solar water
and air heating, solar drying, among others, show that obviously, the availability of solar energy that have
lend to very useful researches, which have continued to show that it is a safe and environmentally friendly
source of energy in enhancing and transforming hitherto traditional techniques to modern scientific
methods on energy utilisation and applications (Mc Veigh, 1977, Adegoke, 1998, Pelemo et al., 2002).
Solar radiation does not contaminate environment or endanger ecological balance. It avoids major problems
like exploration, extraction and transportation (Rajput, 2006). More so that mankind and especially
engineering is today facing one of the most severe challenges ever. Present energy engineering leads to
resource depletion and environmental destruction. Thus we need to develop energy engineering in harmony
with nature (Wall, 2002).

Being a free gift of nature, solar energy is in most abundant supply compared with other naturally
existing forms of energy such as fossil fuel, coal, oil and natural gas which are fast depleting due to
increased global dependence on energy (Richard, 1984); hence more effective methods of exploring its use
should be encouraged. Solar energy is not only inexhaustible, it is non-polluting and therefore can be
utilised to provide all our energy needs (Richard, 1977). The finiteness of the fossil-fuel-based sources of
energy has brought home to mankind the stark reality of the need to develop other sources of energy.
Hence, an upsurge of small and large scale renewable energy programmes all over the world (Bamiro,
1983).
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The enormous potential of solar energy as a veritable source of energy is in no doubt, however, its
effective exploration and utilisation is determined by the extent and limitations that science and
technological advances may allow. Although the total amount of energy is enormous, the collection and
conversion of solar energy into useful forms must be carried out over a large area which entails a large
capital investment (Rajput, 2006). In the past, the exploitation of solar energy reaching the earth’s surface
as a viable alternative energy source has been pursued vigorously through the development of different
solar powered systems with varying degrees of efficiencies (Pelemo et al., 2002).

This study therefore is aimed at investigating methods of enhancement of thermal capabilities of a
parabolic dish solar collector or concentrator. The process involves the use of optical lenses of different
focal lengths and diameters to determine the output characteristics of temperature, rate of energy emitted,
and intensity of radiation respectively. Improvements in thermal capabilities as a result of implementation
of the optical lenses will lead to very useful information and optimised processes of solar energy devices
operating on thermal radiations.

2. THEORETICAL FRAMEWORK

According to Rogers and Mayhew (1992), the framework for establishing the total energy
emission per unit time by unit area of a surface and also for the intensity of radiation of a surface is hereby
given.

The total energy emitted per unit time by unit area of a black surface is proportional to the 4™
power of the absolute temperature T. This relation is expressed by the Stefan-Boltzmann law:

4
q, =oT 1)

where, o = Stefan-Boltzmann constant = 56.7 x 10> KW/m?K*
The spatial distribution of energy emission from an element can be represented as follows:

dQ,, =i dw, dA @)
dQ,, =i,dw,dA 3)
where, den is the rate of flow of energy through dA; and dQW is the rate of flow of energy through

dA.,.
i is the intensity of radiation in the normal direction and i, is the intensity of radiation in the ¢ direction.
The spatial distribution of i, is expressed by Lambert’s cosine law:

i, =1i,cos¢ (4)
Combination of equations (3) and (4) gives:

dQ,, =i, cosg dw dA (5)
The solution of equation (5) gives:

Q, =i,z dA (6)
Equation (1) can be re-written as:

Q, =oT “dA @
Combination of equations (6) and (7) gives:

4
i - ol ®
T

This equation, giving the intensity of normal black radiation, is a consequence of the Stefan-
Boltzmann law and Lambert’s law.
Therefore for a grey body the following laws are valid:

q = e, =eol 9)
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4
i = w; (10)

where & = total hemispherical emissivity or simply emissivity, and is defined as the ratio of the total
energy ( emitted by a surface to the total energy (], emitted by a black surface at the same temperature.

Thus, &= [i] (11)
qb T

The ratio of the total hemispherical emissivity to the normal emissivity % is equal to unity for a grey
n

body. Assuming a glass as a silver polished surface, its normal emissivity &, is given as 0.02 (Rogers and

Mayhew, 1992). Hence, ¢ = &, for a grey body. Equations (9) and (10) are respectively used to analyse
the experimental data collected.

3. MATERIALS AND METHODS

3.1 Conditions and Materials

The major equipment used to carry out this research study is a focusing type solar collector or
concentrator. This collector was previously constructed by Gbodiyan and modified for better performance
by Abiola (Gbodiyan, 2003, Abiola, 2003), and then used by Awolaran for research studies (Awolaran,
2005). The surface area of the collector surface is 1.1314 m? with an estimated focal length of 69 cm,
obtained as a cumulative value from the pieces of mirrors attached to the collector surface.

The geographical location of llorin, Nigeria where the study was conducted is estimated as
Latitude: 8.43 °N, Longitude: 4.5 °E and Altitude: 366m, percentage annual average of actual to theoretical

hours of sunshine in a day: %\I = 53, where, n = actual hours of sunshine in a day, N = theoretical

maximum possible sunshine hours in a day, solar irradiance: 640 (Fagbenle, 1990, NMA, 2005).

Three thermometers were used (0-45)°C, (0-100)°C and (0-350)°C respectively. Four converging
lenses with the following specifications were use; 10 cm focal length lens (5 cm in diameter), 15 cm focal
length lens (5 cm in diameter), 30 cm focal length lens (5¢cm in diameter) and 15 cm focal length lens (10
cm in diameter) respectively. The lenses were used to investigate the effects of the lens’ focal length and
diameter respectively on the thermal output of the concentrator. A stop watch was used to time and monitor
temperature changes within specific time-intervals during the experimental investigation.

3.2 Methods

The concentrator solar device without the use of lenses was positioned to ensure no shading effect
and to guarantee a maximum radiation from the sun, between the hours of 12.00 noon and 2.00 pm when
the experiment was conducted. During this period it was assumed that the sun radiation is at its peak. The
concentrator laced was also placed so that the angle between the rays of the sun and the collector axis is
minimised in order to obtain the maximum solar irradiance, that is, the total radiation incident on unit area
of surface per unit time (Rogers and Mayhew, 1992). This was accomplished by making sure the shadow of
the concentrator on the ground forms approximately a perfect circle and radiation rays approximately at a
normal angle to the concentrator surface.

The (0-350)°C thermometer was placed at the region of convergence of the concentrator to
measure the air temperature (T,) at converging point. The (0-45)°C thermometer was placed at a distance of
about 3 meters away from the concentrator system in order to measure the ambient air temperature (T,)
without undue interference or influences. The setting up of the apparatus was done 30 minutes before the
commencement of taking the readings, so that the apparatus will adapt to the ambient state. The readings
of T, and T, were taken and recorded at 10 minutes interval between the hours of 12.00 noon and 2.00 pm
for Day 1, without the use of any lens. The entire procedure was repeated for Days 2, 3 and 4 respectively,
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fixing the converging lenses of different focal lengths at the region of convergence of the solar concentrator
in order to investigate the effects of focal lengths of lenses on convergent temperatures. Therefore the (0-
350)°C thermometer was now placed at the new region of convergence of the lenses, to measure the
temperature (T,) at the new focal point.

All the above procedure was repeated for 3 more weeks to get a better view of the variations of the
parameters over time. Lenses of different surface areas/diameters was then used on the forth week
respectively for another 3 days each to study the effects of lenses dimensions on convergent temperatures
accordingly.

4, DISCISSION OF RESULTS

4.1 Effects of Lenses Focal Length on Radiation Output Characteristics

Table 1: average ambient and convergent temperatures of concentrator-using lenses with different
focal lengths below shows the data collected for the ambient and convergent temperatures of the
concentrator (Awolaran, 2005). These being the average values over a 3 weeks period, that is 29" August
2005 to 1% September 2005, 5" September 2005 to 8" September 2005, and 12" September 2005 to 15"
September 2005 respectively. The data is for no lens condition and with lenses of 10 cm, 15cm and 30 cm
focal lengths respectively with each of the lens been 5 cm in diameter.

The output characteristics of solar radiation indicates a consistent increasing temperature (T.) of
converged radiations with time with respect to increasing ambient temperatures (T,) as shown in table 1,
and figure 1: variation of energy emitted with time for different focal lengths of lenses respectively.

Consequently, the rate of energy emitted (( ), and intensity of radiation (in) given by equations (9) and

(10) would also increase correspondingly with the exception of the ambient values which appears constant.

Figure 1 further reveals that higher thermal output characteristics are achievable with lens of
shorter focal length of 10 cm compared with 15 and 30 cm lenses. It should however be noted that actual
drop in thermal outputs are obtained with lenses of 15 and 30 cm focal lengths compared with no-lens
condition at upward of 31 °C of ambient temperature; this situation further reveals that the farther away the
temperatures observed and measured from the primary solar collector at some significant point in the
ambient temperature, the lower would be the thermal outputs with further increasing ambient temperatures.
Hence, it can be deduced that thermal and radiation measurements through the lenses is also partly
influenced by radiation effects from the collector.

4.2 Effects of Lenses Diameter on Radiation Output Characteristics

Table 2: average ambient and convergent temperatures of concentrator-using lenses with different
diameters and Focal Lengths = 15 cm as shown below, the data collected is for the ambient and convergent
temperatures of the concentrator for lenses of 5 and 10 cm diameter respectively (Awolaran, 2005); with
each of the lens been 15 cm focal length. These being the average value of 3 days readings each for each
lens. That is 31 August 2005, 7 September 2005 and 14™ September 2005 for the 5 cm diameter lens, and
30™ September 2005, 1% October 2005 and 3" October 2005 for the 10 cm diameter lens respectively.

In addition to increasing convergent temperatures with respect time and increasing ambient
temperatures as shown in table 2, figure 2: variation of energy emitted with time for different lenses
diameters also reveals that appreciable gain can be achieved in the rate of energy emitted (Q ), and intensity

of radiation (1) if an increased diameter lens is utilised in solar collector devices. Figure 2 also indicates
equivalent values of the rate of energy emitted () for ambient measurement of both lenses, as their curves
overlap one another.

5. CONCLUSION

From the results, the study shows that enhancement of thermal capabilities of a solar concentrator
is achievable through the use of converging lenses. Larger diameter lenses should be preferred over smaller
diameter ones as this will permit more radiation to be captured. And shorter focal lengths are more
advantageous than longer focal lengths, as a result, allowing the converged radiation closer to the collector
surface which is also influenced by thermal radiations from the solar collector itself. Hence, improved and
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optimised output characteristics of temperature, rate of energy emitted, and intensity of radiation
respectively could be achieved and employed for better performances of solar energy devices operating on
thermal radiations.

Table 1: Average Ambient and Convergent Temperatures of Concentrator-Using Lenses with
Different Focal Lengths

Time Average Average Convergent Temperature, T, (°C)
Ambient With No Lens With Lenses Diameters =5 cm
Temperature, T, 10 cm Focal 15 cm Focal 30 cm Focal
‘c) Length Length Length
12.00 noon 29.50 45.00 49.33 45.67 49.33
12.10 pm 30.00 41.67 53.00 46.00 50.33
12.20 pm 30.17 48.33 52.67 47.33 52.00
12.30 pm 29.92 46.67 52.67 46.67 43.00
12.40 pm 30.17 47.67 52.67 50.00 47.67
12.50 pm 30.25 48.33 55.00 50.33 53.67
1.00 pm 31.17 53.00 54.67 54.33 59.67
1.10 pm 31.33 59.33 63.67 57.00 53.33
1.20 pm 31.67 61.67 62.00 55.00 57.33
1.30 pm 31.67 60.33 65.33 53.67 54.67
1.40 pm 31.75 65.67 70.00 58.33 58.67
1.50 pm 31.83 65.33 71.00 61.67 63.00
2.00 pm 32.33 68.33 80.67 65.00 63.67

Table 2: Average Ambient and Convergent Temperatures of Concentrator-Using Lenses with
Different Diameters and Focal Lengths = 15 cm

Time Average Values of Temperature
5 cm Diameter Lens 10 cm Diameter Lens
Ambient Convergent Ambient Convergent
Temperature, T, Temperature, T, Temperature, T, Temperature, T,

(C) () (C) (C)

12.00 noon 29.33 45.67 31.00 47.67
12.10 pm 30.33 46.00 31.33 49.33
12.20 pm 29.67 47.33 31.67 55.67
12.30 pm 29.67 46.67 32.67 56.00
12.40 pm 30.00 50.00 31.67 54.67
12.50 pm 30.00 50.33 33.00 61.00
1.00 pm 31.33 54.33 32.00 61.67
1.10 pm 31.00 57.00 33.33 66.00
1.20 pm 31.33 55.00 33.00 66.67
1.30 pm 32.00 53.67 33.00 65.67
1.40 pm 31.33 58.33 32.33 77.67
1.50 pm 31.67 61.67 33.67 86.67
2.00 pm 32.00 65.00 33.67 82.67
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====Part II: Our Universe Was Originated From The Big Bang Caused By The Amalgamations of
a Great Amount of the Original Minimum Schwarzcuild Black Holes (MSBH, its mass My, =~ 107 2),
But Not From Singularity or Not From The Big Bang of Singularity ====

Abstract: In this article, According to the principle of the time mirror reversion or the time
symmetry, based on some general laws of astronomy, physics and many classical theories, the
calculated results could prove that our Pre-universe in its last great collapse had a Big Crunch
and then started to turn into the Big Bing which was caused by the amalgamations of a great
amount of the original minimum Schwarzchild black holes (MSBH, My, %lO'Sg). Therefore,
Our present expanding Universe was impossible to be born from Singularity or from the Big

Bang of Singularity but from the Big Crunch of Pre-universe. [New York Science Journal.
2009;2(3):79-100]. (ISSN: 1554-0200).

Keywords: Universe; Big Bang; Black Holes; Singularity

In this article, formula (3c) is the most important one newly derived by author. Once Pre-
universe collapsed to t< [k; 2Gk)/C’]**(3¢), ie.t=- 0.5563x 10*s, and T = 0.734 10%’k,
every particle m in the Pre-universe simultaneously entered into three states: every energy-
particle m would simultaneously break off its gravitational linkage between the closest neighbors,
every particle m would exactly become a minimum Schwarzchild black hole(MSBH, its mass
Mpm =~ 107 g), and every particle m entered to Plank’s Era to became equal to Planck particle mp;
so, at that time, m = Mpm = m,= 1.058x10'5g 5j). The explosion, disintegration and
disappearance of every m with Pre-universe together in the Plank’s Era led by above 3 states
could directly and jointly obstructed the further collapse of Pre-universe into Singularity. After
that, owing to a little reduction and difference of temperature and density in the Universe
Package, the energy-particles of little higher density would grow up to become the little bigger
new-born MSBHs out of Plank Era. The collisions and combinations of all new-born MSBHs
everywhere in the Universe Package would cause and form the “Big Bang” and “Original
Inflation” . It was the genesis of our present Universe. The whole process changed from the
disappearance of Pre-universe into Plank’s Era and the genesis of new Universe out from Plank’s
Era (Time) was a irreversible process of phase transition from the collapse to the expansion.

The heart of the matter in this article is to confirm that our Universe would be a real universal
black hole (UBH), it was born from a great amount of MSBHs, now it is a real giant BH, and its
final destiny will contract to become two MSBHs and vanish in Planck Era. <! Thus, all knotty
problems in the universal origin and evolution could be simplified into the problems of the
expansion or contraction of BHs. As we know, every BH would be the simplest material object
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in the Universe, ' and have the simplest laws between the parameters on its Event Horizon.

Therefore, the most complicated equations of General Theory of Relativity and its solutions can
be disregarded in this article. Other important conclusions can be proved too in this article, such
as, the Universe is a real giant BH, the new demonstrations of the Original Inflation, the
expansion or contraction of the Universe will not be decided by the real universal density p, but
decided by the total amount of the final universal energy-matters, etc.
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WIHL t, = 13x10 °yrs, t, =4x10° yrs, W] t,/t,~ 32,500, (ti/t)*> = 1,000.

B Ry = 12x10%7cm, ] Ry = R1/1,000 = 12x10**cm, HL T, = 3K, T, = 3,000K, H(A, =
0.1cm, ] A, = 107 cm.

PLESSEORIGE A LT A K S g5 R 5 B 1 A BT AR A5
DA b B50(i 3¢ BH 52 1 I B3R AR R e ] i ZU R K 42 4 i TR 2K 7740 32,500 5, )~
KT 51,000 5, B NIFFEARLT 1,000 £, FEGHAEEKL 1,000 £, £F6 MBROEE 1 5t
RS R UL K B

T AT 72 5 A0 QU 2B 0 %55 B S O, IS ) 2 i AL “ B S IR RN . SR 1)
FETIXH “8 5" WANTR 2 RIEAINEHA: (), FZH) SRS, T8 2 MBI
“ET RURNTRIE BRI T K, AT BT, B AN R K " TE VR — AN 25 b B v A 2R 3 )
CEOLT ANt A R R AT AR R 2 AR . (), A NIXI “IE S H
BT 2E 5 W4 i R IR M2 <M AR #6471 5K . A TR E 5 v Bt A T 5 1F 52 55 ] A
AIEEFEEN “|IEM” B AL FEH “BHRAE” , XHHEZRAEREFIERSRZ,

1L ZE 25 W AR ) 5L 1, (B miE N m RE B BERAS MRS AL 7 I RE B R L1 ik

T AR T W O R S B R AN ) B AR AR B, R
I ERIRAR, RS S EOIRES T RS SR T AERE R R R BN, HE %
A ZE e 1T H AR 1 TR AH TN N NS G R, LA NI =Rl RE A 0] BN R
- ESCR AE [R)— 1) (R AS [0 45 () B AP AE s H , (EAE (R RE = SIRIEIRE T, |
FERIF AR T RE R A ZE 80k, IMARE AL, —FH 2 A RMB AR ZESR. 76
S R RS AR ERE N, AR T R SRR AR Re 1 = Mg R

E=mC?>, E=xT, E=ChA (2a)

E—4R 0 7 IR, m—RL 7 1, C—I R, w3 /R 222 1 4, h— B e 5 4,
MRS, TR SRR A B A R P (i)

M(Qa), (1a)z075,

m=«xT/C?, RoA, Rol/T (2b)

FEFRATT 0 LN 3G T K B S AR o, e A AR Sk A S
M o (2a)(2b)7E X Tl B Ak T A0 L R W AZ AR e A 2, DR R 6 5 v 30 2 v 1ok
- 1) VR IS 0 5 % S A B A AR AT — Bk ) S Ak T AR B T IR 25 4 e RE FAH 24 T A
15 o AR AL LUK S50 5 2 TR 3 e 2 7

@YY R UL, R R T BE ANy, TR AR B R BT me A Y I A R
e AHHT w/CRIMEARN, BT E KR E Z A b T m Ve s . I8 T w2 im
AL AH L% AR 1) 1 (L

TILAHTZE S5 0 “KHakE” BIELA 51 IR “RXIBRIE B AR 51
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WRBATEFH RGN “KIBAH” & RMBRRARNFHIEEROESRE, B
B 5ok F T HE R BRAT) = 5 AR 5 B AL A K (La) AT DA ) B T HE IR 1T 2E 28 B JE 1 3
AL IR, TIIRAE R IE I &5 RARIE v a0 SR A IRAE 32 J & PP AR R AR S v ) 4
WrE, B, ZMBERES TEENMER, MmN YEAETEDFUAINT. WA
(1a) R=kot'* F(2a), (2b)AT4N, 4RG3 T & 7 R M4 R SF RO, AR ok
WL T 5 00R m JRAH N8 0 A8 KRR Za i A2 b (e 1) 2 & LT — A T Plank Era), t
i/ 1,000 5505, R K46/ 30 5, FrbA t Bt R BB R, KPR s 3, BBl —
FARBRIB S, 24 ¢ Yo Ze BIFEFP AR PRI TR B, BRANAHAR BRL AR5 5] 1 B s IR ) /N T %
ANRL T R BRI R), A8 AT A R B SEEE B dy 278445 T 2 N W AH AR 1 1) s FL TS
AR ZFN 2r XIS, EEHAAASKL TR G AR TR A 2t, i REANRL TR R I
Compton Time t. < t, t AR T4 r BREUDEH C, t = r/Co 2401 2E 50 W4 21 bk
], AP AR E R T 5 HAH AR F (8] (R T R 9% i[RI AL 338 45 I i 5 | i i e L | 51
s, TESHREFEEREE T~ 107K TEBIERFE ERE/NOE RSB T 3R E RS
HHRAOUBEK, NMERIWEFFROET, KOS R, M “7Ha
DAY VRT3 5 R 88 i o /D () A, 5 — T 3 g A P RO RN P AR DV . A
T A A5 5 5 T v Ak 1) i b 7 AR A A BT TR K — s BRI, IE 2 7E R A & A X i
B BN BIRRE AR Y A T e w AR CRBIE” M “IRPIEK” o XH
EFHEAEREH “HREHE” 1 “BRAE7 BET EE) 3SEEARTFIEEANT<F
MKBIE AR BIBES . AR, X MRS OB 1 R e B L 2 im i (. B4 —
FR RS AT LA BT 3R X AN LR, AT 2K 28 TE T2 I ) A S S5 TR T R AN B AR %
(AR BEE LR T B, I TR IR IR 5 5 0 WA, 2 v SCTFAG T AN 39 110 M2 i ok et o i 452 3
A Ko

A ZE T2 MIRG I “ KRIFE " AR R IA i el “ RIK” RAERISA:, $%IBH
X R R E LU AL (3) RERIA,

Ao~ P AR AR 7 18] R SE B B 25, m A0 235 H 40 S5 Ok i, r—hRiF m {2
oyt TR 16 M oA 33 ) LR A A2 B AE IR ), C— 638, p—Hi F m [ RE &= -
YIRS, H—WEH 3

dm = Cx[2t], Bl d /2C = t, -t <—-d w/2C,t=1/C (3)

i 4npr/3=m, m=«T/C? =3~ (3aa)
ot <3kT/4npC’ (3a)
i p=3H%8nG = 3/(87Gt?), “*~ (3ba)
. t<TRGK/(CY), (3b)
M(1a), Tt"*=k, (3ca)
o7 <Kk QGR)/ICPHE t< [k QGK)/CYP? (3c)

A3 (3a),3b),Be) B2 N AT (3) HEFHIRM, FriA =3P t Z5&{H 1.

PR R e BT R B — ki — Xt T RN (1a)Rk,, 24 Bt = 10%s, BT
RIS PR EE T = 107K,

k; = Tt"? = 10"x10%s =32 x10'° 1.732x10"°, \ 4 X, (3¢),

2 <[2GK)/(C*)]xk; =1.732x10"°[(2GK)/(C, (3cb)

G=6.67X10 *cm’/gs? C=3X10"cm/s, «=1.38X10"°gem/s ’K,

2 < [(2x6.67x10™ x1.38x107%) / (3x10'%)°] x 1.732x 10'%)]=0.075758x107*x 1.732x10'° =
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0.1312x10 "%,
2 =0.017217x10 2 = 0.17217x10 ¥, t=0.5563x10 ¥s,

;. <0.5563x10%s, 5 t>0.5563x (-107) s, (3d)
FEXS IV H

T = ki/t"? =1.732x10"/( 0.5563x107*)"?= 1.732x10*?K/2.3586 = 0.734x 10*’K,, (3e)
T4 T 0.622% 103K KB F R R m:

m = k T/C? = 1.38x107'°x0.734 x10*%/(9 x10*°) = 1.125 x10”5g, (39)
p = 3/(8nGt?) = 0.5786x 10" g/cm’, (3g)
H (3aa) R, ki 7 m 4% r= (3m /4np)'” = 1.67x10°cm, (3h)
dm = Cx[2t ] =3.34x10 cm, dpm>2 1(=3.34x10cm) (31)
sl > 2r RNRLT A B 5] ) BRI R SE M T ()
HIEECR 7 m BT B FEHBREE pu
pu =m /dy’ = 0.302x10g/cm’ (3k)

pu < p WKL~ 8] 2% (8] ¥ B 5400 T W\ s 7 17 25 T R R Hb A

mC? =1.125 x10°x9x10%° = 1.013x10"®

kT =1.38x10"°%0.734 x10** = 1.013x10"°

R4 0= mC*/xT = 1 (3k1)

Gk)REW, BNMFEHIABAERA “FHEEL” AR— M BB SESEEER T, M
BEART m FASHEKFRIS| W EFRE R aRE T RIEBEER T 2R
BB PR T o

G TFEE t <0.5563x10° Ps, T = 0.734x10%K JL PR #4535 A B —
(Plank’s Era) ¥ BEvd I SHAC UG o XTI (8] S 5 (P AT 2E T2 07 R Ul 5t 2 B0 4 21k N3 B
SO T ahiG . BB TF A R n AT 3R T — B BRI ¢ =—0.5563x10%s, T=
0.734 X 107K i, A5 40 4 (R0hE 1 4B 3548 o — NN B K 25 1 e ek 1, 5
B (3d) AIG)A AT WL, 1 P9 AH AL R T 18] (19 51 % 2 T0 A 0% I 1) b FL R B i 2k 2251
R JGIRNE, PEAWIABAIR 72 M5 IR TFE 2t = dn/C = 20/C (W], TR iR
R KPR R T Ay R T 1) €, te < t (= 0.5563x107 ¥s), B UL NS V 1. 55 4 T b
FAE RS 1)t P PR AR A TR 2R 0 2 T 2E 5 R 2R o TS S92 1 A8 A AN R
B B <RI 10 I 1) 2 AR (RHAR ), 45 TR 32 7 AN 2 MR S AU 200 310 R N RIS o P AR 14D 42 ity 1 2k 1)
“FIR. EXANMEREP,FHEMITEFHRESRIEENET SRR SRR =0 KA,
BEXFIEAMPENGHE “Fa” R RFHMNBRETE S 10 s, R)BIBKIBIE S
(+10%s, R)Z IR, ROAZE ¢ = 0 45, FH T R0, HE T=10K, MAEL
[RR, FHEE pARLERTE = 3.02x10”%g/cm®. X S F 5 & FREEF1E,
AFREBGENZE 2B ABERINFRSHREDEEBRELABERTE ENIZE
MIL4ESE

HTFEHERFRERERNFEEE, FEBHTR, WEFHILEN FH/DER m §)
BVEMBARE R RN TH AN Bk, BEE—J7 sk T A 055w
FEZ K (8 e PR 3508 84 Ak 1) B2 I T8 P2 /N B804 AT Bk 20 7 5 Ab 8 B P RSP TR 28 R P 3 P 1 /D
VEBFAR, 53— J7 TR AR KE A (0 Aok 1~ 285 DA 1 2 vl B P R 2B AR 1T A ] e A B C 08T
(RIS K ) e /N BB, e AT A T RN B T 3 5 i e A
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1V, EEE%’J\YEJ Mbm=

MEE 3HAR (3 (Be) alan, —HRATFETHHIFE t = - 0.5563x 102 F) T =0.734x
10°%k FRARZS I, PANAHARRE 7 18] (1 51 f 2k 2 BE R MW T 7, eI — AN kL1 1) o &
Mpm: MAZL (2b)

Mpm ~m =1.125x107g (4a)
m [F2E4E v B3R, 4rpr’/3=m, 1 =1.67x10"cm, (4b)

WRARLT 1.125% 107 & AN/, 4% 0 BRSO SR 07 4% 138, mTEL
Mpm=1.125x 10°g, MI'EMRFELHEEZ r, 4:

b =2G Mpm /C* “67°37=2x6.67x10 ®* x1.125%10 7 / (3% 10'%)* = 1.667x10 cm,  (4c)

T (4b) = (4¢) AW, r=ry , IFB m =M, = 1.125x10 ° " {IHA - — N E LK FH
B/ SR BV 2B . HLBFE py, WE Ty, SECVY (Schwarzchild) FIA] ty,

P =3Mppm /(471 ”) = 5.8x 10%g/cm’, (4d)
Th = My C/k =1.125x107°x9%x10%%/1.38x1071°=0.734x 10k, (4e)
t, = r,/C =1.667 x 10 >%/3x 10'°=0.5557x10 s, (41)

1 R L A ISR R 51 Ty, DA A R KL 5 2 Th) 18723 8] AN K R] REAFAE fE -1
B, ATLAE O S, PIAT A T 28 IR R 205 N o, W EPTIE,

pu=m/dy,’ = 3.02x10"g/cm’ (3k)
Fpe/IN S0 PL G 2R NIRRT
N = Mpm C¥/ kT =1.125x10°x9x10%%/(1.38x107'°x0.734x10°%) = 0.9996 =1 (4g)

W (doEW, LRTETHIBAPIE R LI Mo =m = 1.125x10° 7 It/ B i
BN Mpn ME—NFHBERERR/DEF, WEBEIGJFEA T RE K S5 5 i
g, ' HBELEAN G ) W 0 S TR A N RMEN T N, BT /R m t
= -0.5563x 10% P2 t = 0 75 B 57 i 7403 b (1 S st 256 1) T 25 5255 205A ¢ = 0 W9y
e, MR ATER T AFHNM =0 3] t = +0.5563x 10 F0 )5 72 A4 K I dee /N 283,
I I TEIE B T BATTIAE B 52 v I AR R/ 16 <SR IK” o

V. ETHEPUAERENA TSI HETE: YPHRETHER. -
AE x At>h/2n, (5a)
h--3 B 7 3 K= 6.63 x 10 *'gem? /s, C--)6idi=3x10"0cm, 7= A= B oK A FE AR 1T 7
HIREE AE M.

AE =2m(?, (5b)
Pl B REE AE PN EASKL T m 1 AL B K I 8] At 4. B (5a)(5b) 3
At=t. =h/4x m C? (5¢)

t. - B (Compton) B [H], 2 tg--- S FLPY (Schwarzchild) B [a), B Y638 k71 m i 5L
UV A2 1o T TR IS (] <

ty=2Gm/C’=0.5x 10 (5d)
E— O R s te <t MLE te=t N, m=m, m,--—-F¥ (Plank) Fii,

m,=m= (hC/81G)"* =107 (5e)
XoF V-3 B ve R m, [ B 58 (Plank) B H] ¢, K

t,=(Gh/2nC) *=0.539 x 10 fb (5f)

T AH Y ()35 B ve KBS (Plank’s length) 1,24
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1,=t,x C=(Gh/2nC%"”=1.61 x 10 Pcm (5g)
WS e T
T =mC%x=0.65 x 10K =10 "GeV (5h)
m /1, =[(hC / 87G)"*)/ [C (Gh / 2rC>) *] = C*12G (51)
K—: D E=MREMITELRER B2 —BUWTR.
51 77 BBk I R A /) FEIRR A Plank &R
m=1.125x10"g Mpm =1.125x107g m,=1.058x10"g,
t =40.5563x10 s t5=0.5557x10™s t, =0.539x10™"s,
T=0.734x10%%k Tv=0.734x10"*k T=0.65x10%k,
d m/2=1.67x103cm r,=1.667x10cm 1,=1.61x10 cm,

VI. METHERRIERR — R SRR ER LR AR E — NS NGRS R WEF
B JE RPN S5 R A Mpm /D BIRTES BE e B FOUE TS, 4R 728 A IS hk
PIEERREAE, MARBAERN “TR” .

L DA B3R —FIH T 258 g KImAE T En) 3 MRS SN SEE, Syl
A B LT 52— 300, X 3 MoIRA (S1WE, T2 it/ BRI ALE A BR
TLEE AR JEERTEE T RIS t = —0.5563x10 s I LS [F N R AR, M
T BEL L T A0 28 5 1 2k 4 m) 3 B s ATk — BN R R4 “Er A . R 2 MeRER
B SEBEN —BHETTLERATERWE, B4, X 3 FRESHSMHSHEBEN —
PEREN AT TIE T, WS M TR F W BN A nT ge th L “ 75 27 [P LS
W&, NIRETHEFHMN “RIEH” ELHHTETFMERE W “WKAE” 8 “MH
AR IR UE AR A0 TR R AN A — PP 2 AR S AR, T m DA R 22 hon] S g 2
T T H B H SR A 1 5 s T 43 L8 TR LE A T HE T R 250

Mbm
=1.058x10°g  Plank & ToIRAM
1.058x107°
e «

w1071
=m , =1.058x10 72 [ P 4™ F5c /N SR R B AR AR A 325 B o Bt 1408k
/N BIPIRASF Plank & FIRA
51 1 W B PR 2

m =1.125x10%g 5 1.058x10° WA FIRZE, W RIE T A AR (1a) FK
—h TP =k I 3ANASET, t Mk #R KA, XaiE R T m M. i,
AREE — A1 ¢ T m = 0.954x10° g. WA
—ifre . T m=0.8x107g, XAz MK —ik,
I, MER A R BE N % : m = Mpm = m = 1.058x10° ¢ (5)
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tp  t,~—0.539x10s i, 3 R
GRS, B&PDRBFRE, Plank 2 FRE)EEEZFE RN HIK . Fik, t =
+ 0.5563x10™s & F B — 1 AR SR R 2 T AR 2 BT e AR AR AU

TR R iR 25 At = (0.5563 -0.539)/ 0.539 = 0.032 = 3.2%

JURE MR ZE Am = (1.125 — 1.058)/1.058 = 0.063 = 6.3%

3. RS ERTCR ARIE RS, BT I SR 1 B A IS L B A B M
=1.058x 107g (1135 /> S iy 34 2115 2% B 7 7 e my A2, Bl Mpw= m, , 101 Bl 5 £ 5% i 9
FE T=107k K PSR EMAAN T, WL, LRETEFH KIRENRENEEE
RN REMEREE R, ©'” Mpm ~107g {15/

AT S HE T R S 4 1 i ERLRUL B A VK 7K 3 eV i
B IR 2R AR N Mim =107 g (¥ 552/ BT Ji 38 AR E0 T DATIE S 52 1 A A5 i AR R 1) s %

4. XL, R T A AR (3ca) Tt =k TR, L& — b =4I
NG (R B N A2 A S8 A AH A (1), IR A0 UE WY i 3 5= 1 1) d5 Ja K S 56 4 10 PRI 1) — ot
A, WU RA T EH R ARG, 2RFERRAN, A% “hERT , AdTAE
TG M OCVE BRI w7 B Cw R ORERIE Y AN EARIRAR I AR BRTAR .

5. WHASEINTA] (Plank Time) t,, R ARG IEMEAFHEN, HAE ERA ST 544
TRIPEE S, —t, A WBELE S, —t, RoRATEF U AR - 0.539x10 " #PEF, K7 TFiH
2R 2551 7 MR NERRAREE NS B s AR TR ), 17 +0.539x10 ™ AP IR 7R I A 5 1 70 1 A= B
FOFT KR8] 5 | g I Ta]

6. 7 “FHA” WEHS/DNEF Mym ~10°g KIBEBABTE, RAVEBERIENE
MERERENFRD)ERAH “FHA” 1, Bk, AEHLRE5MESETEHEHEHK
FEAR IR 5 T v DUE B &R 45 K K B IR K i B/ FB TR TSN 7E B ol 2 1) (1) R TR e 4
BB/ MBI Mpm ~10°g BIEF RO BB KB B RERAEEE R (v %), 287E
B2 B SN T, BT RRERES.

VIL. §iZEEE M Plank BHR (t< —0.556x10™° #) BIKIR4E B4 28 (IR (t> +0.556
x10PF) B “AAZE” #EARRE, BN IHSH B9 T R3320 A M KB R,

1. NRTZE 5 R IRAR A B4 F 8 BRI IR 7= A2 LB A R BB ; mir i o 1 E ek
] — HRT 3 2 i i B t=-0.556x10 ® B, A3 t < —[k; QGNCT ~ - 0.556x10*s,
YN ETEEFEH P ERLT (m =My =107 5) #5 AR R AR R 2 T 5 IR,
PR N I R 1 22 TR PR B 28 =2, T 5 AL 7 PR RS B N [t =58 B P I [ e, Bt =t =r/C=
0.539 x10 " F2,[Kt, PIANIGITRL e /D TR ERT 26 L 5] ), X EmA
i 2 PR 8 A AR 8 I ) A 32t 57 | g s 15 | 10 (P W (D DR AT o T B I 11 T A 1 X [)
HE N B o A0 R RN /N PR RS, 1B SR BT R JLT A R 2R X = Rk 28 3t
)R T 2E S ) 3 e B, Aol T 3 S eI R PR Vi T () B 9 T B
SeiE AR (Planck Era) o BRIEJS ORI~ S0 o MR il 170 SORAN RS e 15 S v (R
25 HUH SR AR BT 1A K (1) e /0 Rl 7 ot 0 B e A . B R R MK T BT AR
KNE &/ BIRPRAEME IR AR “RKBIE” Pitd. XENMER GRS ST
HH 2 PR e B A “AHAR” SRYERRIN . T I INE KB LIS T BN “F
R B “FRRIRBRIE” RSB . X2 AR 30 X 5 5 WEAE BB . X R
A A — e e AR, RN EAF PR R S5He, &1 %, =
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FH1 0w, AR AT AR R AE) 3 v S R I, BRAE RN 3 AEERAE T
ARSCHHT A I E A P R (R m SE P o ATTIIE SEAR SCHF R B I AR Sk 4 T 2 e & A
A5 SRS

2. WIEFHMMET: WATEFHAPLlankFHL (-0.556x10" ) = (¢t ~ 0) XH
WA BT ITEFHIRSR t =~ -0.556x10% I, Fifm ~10° wih & 7
AN, AR BRAHATRL TR 5] R > 2(0.556x10 ) BP, I CANI S Bk R AR T
SR 1 Ry BN IR R AR o DR TT R BEAE L I Tom 10° 2k T 77 AR e i A ) R AE /N T B
AT [t = 0.539x10™ PEVERAAIY T TP lank AR [ 35 . 43T % 5201 h a4 i
IINEETE (M =107 58) (1) “/NRIE” T BN T 2E 25 10 “ KM IE” s To il R st 2
FEANHTIE T AR i R . SR IRl CHRIE” R “RZAK” PHAE TRIETEE M “H
W7 ERGE, (XA R FT A R . XRBN BB IEE KR (FEE
BT — AT A M RS W EEE- YRR T IR S, 55— J7 Tt 4# 5= i A A R
TR PRAR TR E R T, X sbppoks 76 FOARME 1) B R T B BB 45 & ki, FE3t T
K RBH R KRR/ B Al “IBaEtE” B2 h “BHAH” o X455 51
AR T Y R AR RN O 3E T A BT 7 o B AT, FRTEFHEMETE “FHA” NES
ABFEERIBEA . BT B2 A P 3 B 1) 2 5 R0 35 B 1R DV BRI, FRoRE 7 SR TR R ke 1)
Tl T AETR A R 5 A T s RS B L A e /N T 107 s /N B 2RI . B
WA I AR 48 B KT 107 5 FRGHT IR 1 230, DRI A i e s R P 2 ) 5 B R R e 1)
DAL 3 A 0 o B v Ak 45 2 A S T 107 e (38T B/ 1 1 2

3. T MEA: BIPLAFH7E Plank BFHARM (t =~ 0 F) = (t > +0.556x107* )
X B B2 7RI BN R SR SRR R IR T Re A i 2 i A i KA B My = 107 3¢
IR KRR ¥ f5e /N PR o ARG AR 2l AR BE P B R T U A T I K B, SR AN B AR 1 ey
PRV AW S BT B IR R = C O . IR AE BN B /N PR R AL AR Y, A G0 b e
TR S A A AR 2 (R AT B IR NS AR, AN HT R I O GRS
AT 177 A2 3f DA BHL LB AR ATRL T (0 T SRR &5 & 10 . %, Bl T LR ETH &/ ER
PRI I IR e A 75 2 B YR P R 2 B I A VR AR, B B TR S Rk T2 1R ) R AL T
MTGAEZE Plank BFAQH /NIRRT LU 5 T R SR ZEBOK BkL 7 F B 72 R B 38 K R 3
FHEMN T RADER. DU A SRl 30025 50 5 2RI R BT ik i 1 2 1K
PO 527 40 A A BE S0 U py < s

Px < pu (€ pp) = m /dy,° = 0.302x 10" g/cm’ (3k)
XTIT px JE GRS 3 T 0 1) T

t, > >3/(81Gp) =0.592x10™, t, > 0.77x10™* (7¢)
XNt BT T B T B T BT my

m, > C’ry 12G = Ct,/2G=1.56x10"g > (Mpmn =1.058x10"g) (7ca)
XTI R my A i E S AT,

7 >10%m,’=38x 10 Fp=> (7cb)

(Tea) K BE B 37 T B ) B /D> BBV m, 2 28 it B9 3 BIS o, 93k it i3k A\ 21K 48 — B4R, (B —).

ty > 0.77x10 P FR R me>1.56x10"g FRIHT RS R I SR i0 42 /D 5 32K 0.77x107
PR, HF T« 50t >>2 t,, Bk, FTETEREIVES ARAR KK my B/ IR
AR RIS [R5 0%, REEmREMLREHARE, XM YA
IR B /N BIRE S 5 16 H AR B T 5B R R LE, H HAE 55 1 & Ab i Hh I 78
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MARFER “KBIE” . PR EEFHFHEK “KBIE” . K, FHIEAET L
B /N R my EAIAELS I BIFT = AR A R ) < KBIE” , MABRNEHEE
T “HA” HE “FEREOKEBYE” . FE, XICECH BN B my AEATTAHAR 0 R B
PR A IR AL G TR FEE S R, TEFEHWN “RYRIR”
(Original Inflation) MIZMAE.

g0 BATFH AT RKEHERT Mym= my =10° 5010 5/N R, A E “&
K7 TR my = Mpm = 107 ST IRHT AR S/ PR RS e AR 2 11 “ SR AR BRI, BRERR A
“IR A S PLPY BN TR o

VIII. SR A k. <10

F2 S s U AR, AN R My= Ry, C2/2G (8a)
M dM, = dR,, C*2G (8aa)
WA BRI My 5 My Bl 5 5T,

Mpi= Ry C?/2G, (8ab)
(8a) + (8aa) + (8ab) 2 J5, 15

My + My + dMy = (R, + Ry + dRy) C*/2G (8ac)

H1(8ac) NI W, H—ANRBIFAERZ G, LRERGWIINTFRE-VRK, REREHEN
RIS &, RERMIKGEE-YR, WAHESEY, HAERERI NN

FEHAIT A Ry BISHEARIEE A =" FURKE SR T My, 37 98I0 55 kD i
Co BEERF R M, A, BFAKHE S, Ry, T, pp S REEHE RIFTUE M, 1504
[T XL 1

IX. SEAEH: BRATMAEN FHMRE —NEERNTHKER (UBH), =" "FH KR
FHEAER KR my= Myn= 10° TTHRFTRA /D EIRE IRk, e e
T EIRAE R VRS R8240 5T R A I R A

F—: FHIA BRI BHHE LRI FH My BER—NEERFEHK
HF(UBH)

N T FEREBAT T AE ) — AN TUSE 5 SRR (UBH) R, PN BORS B AT DG BAT 52
(1) B T TR UL A R s SRR IR A B 5 T S (00, nT A i R 45 R (a). Bl M
I FRATT 507 MK BIDAE BV ER RIS Au e Aw = 13.7x10%yrs. T UFRAT52 55 BLA
ATRLERA Ry Ri=CxA,=1.3x10%cm, %% p,=3/(8nGA%) = 0.958 x 107 g/em’. N v 552
F 00 M,=8.8x10%g.  li A2 1, i WL (1) B0 328 (12 2 B JRAT TR 1.3x10%%em, X HL 2
FEFRATFHAEI Ay WIATRE, FRATFH T AR R 2Ry (b).  PEAEH BB IO B HERA 1)
LI EAE, Ho= (0.73£0.05) x 100kms ' Mpc™ 121 i o) 75 H! B 1528 BB p. H: pr
= 3H,%/(8nG) = 10 Pg/em’. {1075 557 (M4EEE A =3/(8G p)), A =0.423x10"%s=134+6.7 {2
AN H LM, = 8.6x10%°g. ML AT UL, X4 AN R 0000 5 9% T 4 HH B A
AR, SIRAT S BLE IR M — MR IS, B M= (8.8~8.6) x10%g.

PUICT 5 RS T M= 8.8x10%g, 218 52 FL VG 3 A 20 R = 2GM/C? 1 ik My B—
ANFEHKEIFEUBH), HA S Ry=2x6.67x10"x8.8x107/9x10%° =1.304x10" cm. 45
wrr,
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Rup (1.304x10%%) = R, (1.3x10**cm) (9a)
AL, ANERA S S AR MR OB RV, BRATIASFH Mw 2 — PNELERFE
H KX EF(UBH).

B WMRBRATFEH M= 8.8x10°g B —ANELZMFH KER (UBH), Bt ERIE
TEEIF AN Mpy=105 SRR AR D BRSO I7EH AR (Sac) 5
PRUFSZU R

BE My ST np AN JEUAE S BU P 223 Mpm= 10 ° 32104595, )

1y = Muy/ Mpm = 8.8%10°°/10° = 8.8x10% (9b)
PR S B PE A K (8a), M [ 5 FLPE 4% 1y,

1,=2Gmy/C*> =1.48x10™ cm, (9¢)
111 M [ 52 BLPG 245 Ryp=1.304x10%" cm.

JITLL, mp= Ry/r, = 1.304x10°%/1.48x10° =8.8x10% (9d)

T (9b) = (9d), A LAUESE S5 K I My, SKIE T n, = 8.8x10%0 AN 5 A= 5 BL G 22 3]
Mo~ 107 T8 FIREFE RS I 5 I R 45 5 o Xt iE B AR 525 A I 58 4 70— % B VI 1)
A R

FB=: FHPEMERN (Q=p/ po= 1) 2FHEBFUBH) M, BN, MIIEETE
XHBAFHOERN RS THERAANEKR RSS2, 2N R —HFE. """

Fi WA P e A AR BT 5 B BB AR AT — 5 PN R, IO IV, h, Ho-- 5 30 4,

V,=H,R, (%)
M (8a) AT BRAAA I, 76 BT 1,2 R, ZEHE Ry I, V,=C, T7&,
H, > =8nGp, /3 (9)

TR BRATT T B A A B 1R SR, A AR e AN B PR R A DR, po R ERATT
T SRR 5 R, A 2R(8a) FERAAR 23 3 AT 40, e 2 FAE HLAY ML Bk Ry vk 100 AR, 527
(KSR B8 5 pp 2K A H)— AN W R H,, 1.e. Hy? =8nGp; /3. bR EE B2 p, MSEREET
A ODTHI po, FTLL, (Q = pilp, = 1) B FH BIFPIANE. KidHK, Q=p/p,=1 HAIFH
BATF R — AR IEM T B AU, XN TFHBRKE, FHRAE-INEE, ®
AERIMFBEEEXNEIE, T pHp TF-T SCHXT R 3 it 5 58 SLhr Ll 45 1= 7 B
MgER. AXMERSERUENESBEE, XERERER/F6 10 DUAIR 58 R R F
BIERME, XFEMETERG SR, WA TR EMRIge.

B0 AT ATRANTFEE KRR 2 e S BRI R R T e —80?

Wit h s 4 T IR B 0 32 17 BRAR ML, t o TR RS, Ry O TR BLAE IR 42

M, = 41p, R, /3 = 4n(3Hy* /871 G)C° t,° /3 = 4n(3Hy /87 G)C tu/3Hy*= C* t, 12 G

=C*R,2G (9g)

FEM S ECTERE SCHIXHE (GTR) FUBRXS B SR (R T 15, C*/2 = GMy/ Ry, IX /& BRI AY
TEMILEZ AT I Ry=C ty =R, T/,

M= RyC?2G=C*t,/2G=R,C*2 G (9h)

HERESHY OhRS5HEHEEESHRNOg) RETEMER . FAFH RER
ERFFHAERR AR, 0 X5 3 Gir 2 L Emm 2 BO UEIERATIAE R 5
A N T K 2R (UBHY), 17 28 I B H 0 20 e AR B s S 5 1 I R A gt 2
IR CUBHD [P Z IR 5 — o Wy A P S it 1) 5 ol I IR A gl 2 el 192 o PR TR A
Wi &b F R 1ot~ ST n o o of 2 A A, R AW T I IR I 3 5 Ry C, i A 3 R A G IR i 3ok
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FNHoo I MOg)FI(Oh) Tr WL, 54 BT R M E Rt I g in . 24 805 SN Gk
BY) R ERE, BREFHERAASEEK, MBIEEmarS. H=. AR
ZANRKEIREZ 2N, FEAEIKIE RIS, IR Zee — B BRI B, ANFEE R TT I
e B P, R AR AR IR AR A 0 1) . RO AT — AN FRIF SR U, XY
TR — A BETR A E P T My, S B — M ICTF3) 5 [ poe |- XAEXT B H NI
FFHANEERE, JrLERHQ = po/po DA T8 £ 0L 2 £ Pl . B XAH
X E X IO = p/p, R R—FE® EHIRT, QORTIEHTHANFEEHE “HH” &2

“HE” , FUJLTERNQ =p,/p I E SZELENK . MFEHBRERIGEE N CF
¥)) WA, KiEgp, = p, Q=17 H 5= 5 2 IR i 45 8 2 K 14 fiw s A 2 B vk 3L 2
FE, TR TR 7 A S B B - R T BTN B R R, 0T SBDY. IERm T L
BT SCHXT R B RS, SERF R RAE T H T TR R RNBERE-Y)
7, IR T VA AIE V2O, W “ITRER” , “IEREE” &, M(9d)
AT, BEARFRATT AR 1) 5% i BRI M,=8.8x 10%° g K - 52 i Y A i [ K M = 10 ° 5211
JFAE BN A, M e 2% Ty, = 8.8x10%° MMpme XU, FH PFHAEMwE
EERIR T F i AN RN B Mym, BAERMTARE-YR, WEAFRNA A
ReR-P, A RERENIRIE: EFHIX 137 ACFRERS T, 5 1 Mpm 15
et - UL X BATHA KNG, 58 HELehe - e AR o R A oA T TR R FRATT AN IA
W, B, IR FESS 2 B e TR R EAT.

BESR FRATT 2 I I e 2 SRR I, B4, MBEATFEHBEITE T Mpm= 107 521
JR A B/ N B A IR SE G, W se ik G, W R /N PTG RE &= -1 i n] A
FH AT, TR T UG A 0 A LR ) R S A AL RIS (P e 4 . R S TR
T Myp = MR HEEL REE, MRAFEHTFR , ENEK. HT Mw=M,IEFEKX, B
REE 2 TR ERN, HPURREEME R B 4istdE R 22, Bit, WX A
EERATCFEE FH RN E S B TR INgiE, S Ho (IR ek &= H ok .

X. FH AR A — L ) 7

L JFEEFEH PR RAD: W EPrig, sl B (UBH)AMITILE D43 Re -V i
AR, S R BRI A M= 8.8x10%g. M T2 57 BBV BEAR HEAE T K& n,
Mpm=10" 5T (K15 /N B 5 3, 2 IBOb)R, np =Muy/Mym=8.8x 10, 11 i 4552 1 (1 R~ 1
EREA24 Ry, Mpm IS BLPE AR 1,21.67x 10 cm, I

R,>=nyry’s T4 R, =3.45x10"cm (10a)
R, R ERCER Ry BRSHE TIE — AN E TR/, RIS 7E R
AT M= 8.8x10%g [ 45 i 25 WAL I (I ERKE 1, kL 1[0 RS KA FELAE (R —
MEF o

2. FHEAKKIMRIR: WHTBac) TR, T MIEAMRYR R 38 A KB Mpm=107
WHB/NBRKAEIF. WSR2 MERENHCNBIFRGIFnse ks, ERAEe
LA E ORI 2 4%, RS AR R RN 8 5. DRI, TR (AR Ay XAl LARIR TN T .
Ay =1,1,/C = 8.8x10%x1.48x10%/3x10' = 4.34x10"7s = 137.5 {Z4F (10b)
Rk, o] DOXAE SR BEAEILAE ) Mup,  BIELA My, BB 2K np N Mpm=107 52
(/D RIS B o0 B BT 4L R A
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HA, IR A7 M WHTA S/ BRI S — 5, e Rl — R — 2
TP BB B R B H KKK . Fik, FENPKEROAFEE R, FAGEILZIE
KA R BT A /D B KIALR E R Z Ty 2 Ro< 2y N, 7EFHH AN, Pra AR
I MBI AL S 12 Ry HBELUGHE C (R ANk, A X(9e) , Og)Pr,
1M #TE R N R K R B fF S ra g e, M V = HoR. XHjte it 2 Ji A BB & IRk
Brof IR prig s I, TR RIAANE M, “FEE” KBAKERE “ R0k ERKK
R o RPF— I ZZI IR A gk T3 AR ) — I AL A2 IR AR 1 2 /0, R 2
BT A R e %, AL AR DO, 50 I s (] B2t ok, Ja AO8T
PESRIR IR A AR AR D, R (R ' A TR B KA B kD, LR R, =
2wy e, PHOHT AR BRI O — I S R S o, RN AN BAT R TR 1
AP, TR AU I . R T R G TR B A (AR YA

RN, HE Ry =2 1, M5 RAKSER, WERINEBAT RE R -P) 5l LA, R 1Y
AR Ra B IEIZAK, b By m AN A ST e dm iy, RIRERRL T, T2 R. JTUR4d
AN, R FCR D, RN R, W O R &, LR AR B TS M &
10" 5 11y e /IS SR T AE AR rh i T2 7107

H, —MIGLM &7 BIAASENK, XU S 4a /s, bh R A
A EWLER N e F A T ke SRR B A R ) DR 0 T A A R A K. DR X
OB IS, H— “FHE” M BBEKEE Rk L5, W
2 /) BIA K & & B I B 5 R R 456 R K KON, B My, B Y5003 B2 ik i
R IR IR . X R R 2 R IR/ BIE A 5T e BIRE E Ak RE . 5
—: “FHAE” Mw ARANERE—NZIFE IR KRB My AR KIET
NN A R A L BELOGIE C BEIK, IX &I e Mpm P ARG 2 K 1 S AL

VAR, Mw WA SR Mom 2002 — 22 IEEAE— M. Dk, R4 “54F
1”7 SFETRE-WRATERE, HREER.<Zr b, FEERRSFHINERK, X
BRI Mu NMIZKTFILEN 8.8x10%°g, Mu, PN MIH R Mpm BEHETE IR RIS BT,

B Ut ny, £ TILER 8.8x10%,

3. MAFHMETHNE: AEFHNEREE o, MEFHIA R REEYT (M)
WEFHASERBEM, My, &7 T8 WA 054G T 57 G AR B - M, FIAE 528 4
W4 N I I L R R T A W )R RE - AM, 2 Rl BT,

Mup = M, + AM, (10c)
fE L= TR OSUE, XF— A5 Bk, BEHE 1A, Q= 1 20RMEHE.
AR 4 7B EE, BT HEA T

Ty ~ 107M,™ (10d)

IR TR I BRI T SE My, =8.8x107 7g, AN LR R-M i nl L&, )5
W o WIRAE TR AR R ST ama,  EH RS WA BN — 1 Mpw=10" T 1¥) 5N I 17
ERBRSETE Tk, naod)iir, TA1FE e Kiltew ~ 1074,

4. AEFEXTFH MR R K R (EEAARRIET , AT 5 B I B 2
FAEFH BRIPTR AR KT H B E MRS ERE . A LB g0, B
(R RERE MR My, — &, HALEUE,  29(100) 20 I AM,, 76— 52 i T ok i 50 AN 74
INE, BCE UL, SAE S I AN AU TC RE SR - AT AR, R AT R

92



New York Science Journal, 2009, 2(3), ISSN 1554-0200
http://www.sciencepub.net/newyork , sciencepub@gmail.com

(KR, A IZAK K — RS, 5w e T da A S o et 1R T Ae e, 1 380 e e Wi e ok
AP Mpm=10 7 50 (7 55/ SR T AE R IE TP T (HJLAEAT, RIFE 1998 45, 1S [ n L A L
P K2 [ 55 B A1 3 € B K 5L %1 Saul Perlmutter 20437 FNBOK R [ 37K %4 (¥) Brain
Schmidt I 73 71 450 B P A /N 0] BE 1Y) Tan 2B BT A2 X RO RN A B AT 154 1 o
M, At AT S TR 608 B () B AR A I 2 R BRATL. Y U A 2 B AR G R 5T
WA FRATF 5 IR RZCR 5 8 A AR B R D AR RE BRI RIRR Y “ IS BER” PITid
JRH). R, BAT T EA T 137 ACEFEF, M I I RE R 00 A BE T 1 A A T B, T e
HURAERL 90 AL 1 A HH oK LAIE A 32 7 e s I L o s A2 e s Rt Wig 2 LA
ETNFGE. H E RSO A Y BA B R ARt T A7 2 DN R0 52 it e AR
G 2 DR e M IR, AT I I KR AR R R R G RE R
5 AE R R AR 2 RSB AE I3 X0 5= 7 IR I AR o A ke IXR ! T/ BRIP4k

TN 58 47 2 T B /N A R V) R 5 e TR I AR . 2230, ST RATFH B
DIE B F — A5 BRI A — A2 H BIRER RN KA 90 {ZFERTBT R ERHEAF
BRI SRER, A4S AMAHRMEER. BARZ PRI UE AT A A b i
PR LI L S R B (S IE TE A B, T . AT SR B 0 5 T R 1 3
WARF& BT 5 1) F B SR A S A 8RR A (Q = 1.02 + 0.02),T R FAICH
ERARFELER, AHFANBREENNELCERE TR ARAZI Mg R, FEHh
CIEERAR T BRATEHKFERE. "

5. X AR I KIRVEM BB 2 H Rz KEIRY)FH /N B Mpm=10" 7%
() B BREAREE B T AN T 10 TR o R T o/ I 14 [ ISF (2 £ S 4
FEH A FT R A I e S A B LI O, A B T A X
FEH ALK ONBIE” (BB RREE) TR FEEAER “ KIBE” 2EEA
R FHAN S RER, MTARGE R “REBE” —FHAE—RmRRERE. &40
LT 550/ PRI M 2 18] R AH Al 8 R0 Gl I R AE AT 2 2N 2 5 N I B 2 b e 1 0, 4
SRR IRRNE T T BT 10 ny= 8.8x10° A Mym #8555 Ho AR TSI 2, 351 110 K (1) 4446 2 3]
(16 I FH T 32 e BRI (16 A BRI 0 & (138 R gl T AT R MRS Rk 99, BB R BT 1 2
KA t, =10 B )5, FAFH My WA Mpm SUEB TR — DN FEHA T . MWE, M
MELT KA N TZR SR, XN RBRTEI—A “FHA” KBRS 3 K
[ rE, WEENBIERERFMEKERE, JAXNIE—ERFREIEEEEN R =2 1
= n, B, W My, SN TCRERE-Y 0 n] L, 8 My LS TG I A RS E 45 144
TR e R, WORTRTIR, XSS i B S8R 1077 4R TR, My, &
FRUSCAR A A Mpn=10° 53 1 e/ SR T AE ARV E R T

H2E, BRIMNFEREDMARERLREK, XRAFHITEE RERNEE-Y RO HRF
MR, DL, SRR My BRI, HAL AR Ry BAEY R, HEIAR KA —KR, 4
BT (R B - O A M e e, SN 5 B R TR & 21 M ypr =My, + AMyy,. 21 (175 i Hs
K BN T o <1077 M o >>10"7 {24

6. Z FH FIFENE IIERE: BATFH My PG FE R B TR 1) 2 A
Sl TR, X R MRS RS R, BT UL B S PR ISR B MEPTAS Mpm <107 ST
/N TR AR ER W T XA R ST 2E 50 R EBR 4 Md AE 2 e A F . B2 3

93



New York Science Journal, 2009, 2(3), ISSN 1554-0200
http://www.sciencepub.net/newyork , sciencepub@gmail.com

TCVEAR G e B - T IR A 2E 5 5 R4 4 K I mT e A — W LI i A 2 1 a4 . 45
RBEMNEANFHEIRE AL —MEFR/DMITER DR, o EiliA)B Ik,
SECPEAR HAT Ry = 3.45x10 em. ] LS HBAR S T 3 K 521 10 R R4 4 Al fig
B B AU —AMZFIRONERATR 325, E AT RER N 48 B 2 AN T3 . B0k,
R R4 — AN RATHAZ 7 528, AN R I R A K IR e AR Ve B S H 2
%%%%ﬁ,E%ﬁ@%%tﬁﬁﬁ$®%%&*¢%ﬁ%,Eﬁﬁ%ﬁ%%ﬁ%%%
Re-P—AHE. =

IO, SHT (6] Ta 20468 3T A8 R PROU N 2 B T8 AT 137 W P B JR2 I 2 5 v W A2 K 2 50 12
TEIEA KRR, XRPTIEP WA E B 5w A ) — AN T IR T R AT
T PRI I S AN IR Bt FRAT T — A G PR E A T B, T AR T AR SR 4 50 24
(Pfig A L, WU, BAVRGH FH B EEE- YRS & My LLILER My, = 8.8
x10% iR EE DL . £S5 BN TR R LA, My, BEC 52 SR 5 15 T 1
FrUAAE 90 AZELARTS R A o Mg LU, BT 3RAT 30 53 A 52 T oK &1
R B4 0 I 3 B T THLAE v 00 1) ) o PR IR K . FRATT T AE 90 AZAE NN B i
AMyos Bl Myg+tAMyo =Myp, T Myo <AMyo, 1M HFE T H LT KSR AM, 385 K T 55 1
DUEZ M. X s R R s “HERe R BE WEE Frda B I 3RAT 5 v BT A e (1) 2L
O BB - VAN & BT A A I T LA R, AR 1 BT R A S, R 1
i B AN AT 5 A I 2 2 AR AR (AT S HAE S o = 1 e T A0 3 5 A (0K 4
A FUE G M —— AN TR A, A 2RI E NI e .

7. BINFHEBRASHEERANFR—H: BRNFHENERKRELIESE N BRE2%EE
—RER, O AR —AMEFR TR BRI TR IO A YR TR 2E T e B A
n, =Myp/m , = 8.8x10%° N (Mpm == 107 50) 51 FLIH /N B, YT 35 525 feJm SR o n ok
FI(Mpm =~ 107 55 /N BT AT 0 i, BB Fe g e 2 e mh ok
B (Mpm~ 107 70) S/ BT A AN 2 i, Rk, el RN 42 —4
A2 FCRE T 22 (1 % 0] A A 1) K R e - T (R SR 5 RN 4l FE . IR, &N (Mpm~ 107
i) /N BRI R R R AR 1 B v B AU, R T SR AR AR K IR R e PRI T 41
BT 2T EA, HPR—NMFEEARAEERININFEE, BT —MEERNFE
HEH (UBH) HEREHNGEEEAREKAMBEHEHAUENESE FENMEER
G5 B B /N B (Mpm =~ 10° 50 TBYEHT:, BATFH LR RS G % H — 1~/ E
HEE R —NDNFEH . FARIMTFEE XSS EE— MR 8 H =S8
TSR, EMFFHENRTA RE-Y FURIK AT 2 4 BT 5 AR B 28 E
ENRERET, XE—NLFPIKPRFEBEMOATETRE. XERFBFHFH
RRENTRELZENREERN. Hit, BIMNFHFHIXINERKETHIESS - ER
REE—HN, MAENASRE—ANMERIRE. FHEF (UBH) WA RBRALE—BK
BRI A RS, BEely—RHERELNAEE R EREAR, ="
TRAAE BTN FEH ZINUBH) KR E LTS FH ARERKRERS S, EmLAH
EmEZ, HEGEMKNDS. AXHEE T “FHEME” o Bk, MLk
BT AR T2 58 T SR IR A PR R o FRATT 5240 MR 2E K1 I RE = -W) i 3%
LM R I8 1R T (Mym =~ 107 58 185/ B 2L, 3 AN i P A B B 0 2 1
LN SERIT o AEE T2 0B R A T TG e -0 0% ] A 0 4 o) R W RS T LR, HL B
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JE LA SCH PN (Mpm™ 107 52) S /N ZERRVERRART T2, AR 07 1 ToA7 1 2 B i
TN, SO TRRANIE R A 1 e A8 0 5 B — AN N X A

XLXPRE K “JR)ZEH (Original Inflation)” ) &HT M &7 BH () R FORAIE -
MBI, A0SR BT T 5 BULE K S T R Myp=8.8% 107 5g Al A M S np 4> (np = Myy/
=8.8x10%") =10”° mRRAER/DNER GG kink, Ma, FHRVIERIK
FRIEFIE] € SRR TRA] “IRIGFHEBE” WA KBERE-YIR Mw A& IR AR

MEREFE =107 o) g A /N B T UG I R T & 91 . M(9c) RT 40 [R5
AR RV 1=1.48x10 em, B —ANHIZE ) WK a6 B 5 5 R 3T 1 o
(HE nms) &3, St (FIFLIE A2 1 [ TE] t= 1,/C = 0.5%x10™%s. 4
23 2ty WIS LR BIGIE R nm SRS IR0 2, BREBRETE, WYY
,

Ny Ty = (Zrb)3, S D=8 (11a)

(11a)zRUe W], MRS 2 RS ne,  (EEIAER o K 2 RSN, —#%
(B R4S T RIRE . D T a8 R S 1 SR s MECE KL, 8 [MIREUS
WK N R BT AR G AT np= 8.8x10% ST AE K B — A
My=8.8% 10 7¢ [1] JEL 4 5 7 .o

n, = 8.8x10%~10%" =(8%7) (11b)

(1) R EATT, B AE RO S, FHEATERETA  pE
B A TEHE T m

(267.5)2(1020.3)’ A t —10%03 (11c)
AR LARIAE ) 77 20K nns =27 1,

Aty = (3r)’, o Ny =27 (11aa)
n, =8.8x10%° =10°" =(27%°) (11ba)
(3*%°) =(10%?), 4 to3 =102 (11ca)
SOt =ter = to3 ™ (10797) (11cb)
M(11eb) %1, Toie 54 =107 Fu I A d /N BRI LA —Fh 7 B9, RS 24

M. =8.8x10 SLIFTAT ny A RS “JRG T A PR DR R, BT 6
=t =ta= (107, H3E, T UBB—MARBEMEI, = tn = ta= 10°)R—
&%‘%%%ﬁﬂﬁ*ﬂ%%o fﬂ?fﬂé\ = Ny — 8-8X1060 :1061’ 3:7[%’ Ny rb3 = (Il rb)3’ ﬂ
AR 100", = (1077 1),

WA, Hit—2, M(11a)x, % np=n’ (11cc)
M, ny, =8.8x10° =10 =n,* (11cd)
x =61/lg ny, (11ce)

95



New York Science Journal, 2009, 2(3), ISSN 1554-0200
http://www.sciencepub.net/newyork , sciencepub@gmail.com

é\ nX — 10}’ (1 lcf)

y =xlgn = Ignx 61/lg n, = Ignx61/(3x1gn) = 61/3 =20.3 (11cg)

(1leg) N\ REY], ik DA —F 7 B A&, € np, = 10° B, (1leb)h t, =
0B E@MARLGR . (R, Sbr Bl TLE o =107 BNy, &4
N, HALFPAR r MK R = C to AT to TG — to A 200 PRI,

2t, =2x10%2 =10%¢ (11ch)

(11ch)ZR LT 2t, = 2t,x 4,=1077°%x0.4x10 = 10*"°x 10 * { A J5, BIKZ 2¢, =107
BiE, FHA A BN M ) “FHE” T, SMA A FHE N
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Our Universe Was Originated From The Big Bang Caused By The Amalgamations of a Great Amount of the
Original Minimum Schwarzcuild Black Holes, But Not From Singularity or Not From The Big Bang of
Singularity

Dongsheng Zhang
17 Pontiac Road, West Hartford, CT 06117-2129, U.S.A.
ZhangDS12@hotmail.com

Abstract: In this article, According to the principle of the time mirror reversion or the time symmetry, based on
some general laws of astronomy, physics and many classical theories, the calculated results could prove that our Pre-
universe in its last great collapse had a Big Crunch and then started to turn into the Big Bing which was caused by
the amalgamations of a great amount of the original minimum Schwarzchild black holes (MSBH, My, ~107g).
Therefore, Our present expanding Universe was impossible to be born from Singularity or from the Big Bang of
Singularity but from the Big Crunch of Pre-universe. [New York Science Journal. 2009;2(3):78-99]. (ISSN: 1554-
0200).

Keywords: Universe; Big Bang; Black Holes; Singularity
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